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ABSTRACT

It is known that the energy performance of asynchronous electric drives is extreme nature. However, when stabilizing the mag-
netic flux of the asynchronous machine at the nominal level and reducing the load moment on the shaft, the power factor becomes
less than the nominal, and this reduction can be significant. Therefore, the paper proposes to improve the energy performance of
asynchronous electric drives with a fan mechanical characteristic of the production mechanism by changing the magnetic flux as a
function of the moment of resistance forces on the shaft of the asynchronous machine. Thus, to optimize the energy processes in the
electric drive when regulating the performance of turbomechanisms, it is necessary to build a system with independent speed control
and magnetic flux of an asynchronous machine. Since the control systems of turbomechanisms are designed to stabilize the speed in
long-term operation, it is first necessary to ensure the maximum energy performance in steady-state operation. In this work, the in-
crease in energy efficiency is achieved by implementing a vector field-oriented control system of an asynchronous machine with the
addition of an extreme control circuit. In the article the information system of two-channel vector control of the asynchronous electric
drive with the fan moment of loading which contains a contour of extreme regulation on criterion of a minimum of consumption of
reactive power is developed. The dependence of the values of the magnetic flux of the rotor, which are extreme for the reactive pow-
er function, mainly on the moment of loading and insignificant on the speed, is substantiated. A synthesized state observer, which
estimates the moment of static load, is needed to determine the extreme values of the magnetic flux of the rotor on the basis of the
obtained functional dependence. Thus, the idea is to use the reactive power channel of an asynchronous machine not to stabilize the
magnetic flux, as was the case in classical vector control systems, but to adjust the modulus of the magnetic flux vector as a function
of static load by the minimum stator reactive power. A mathematical model in the Matlab/Simulink environment has been developed
and the efficiency of the synthesized information system of minimization of reactive power consumption by an asynchronous electric
drive with vector control has been confirmed by mathematical modeling.
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INTRODUCTION power consumption or improve other energy per-
formance [1,2], [3.4], [5].

The structure of the vector control system of an
asynchronous machine (AM) with constant flux
coupling may be irrational because the stabilization
of the control system of the modulus of the flux
coupling vector at the nominal value leads to a de-
crease in power factor at load times less than nomi-
nal. Adjustable electric drives of mechanisms with
fan mechanical characteristics have this disad-
vantage [6-8]. Analytical expressions that allow de-
termining the value of the electromagnetic flux of
the rotor of an asynchronous electric drive (ED), at
which its energy characteristics reach an extreme,
were obtained in [9]. However, in this work, the cal-
culations were performed without taking into ac-
count the phenomenon of saturation of the magnetic
circuit, which is expressed in the influence of the
electromagnetic flux on the value of the inductances

In connection with the rapid development of in-
formation technology in science and technology in
recent years, special attention is paid to the modeling
of information systems that implement the function
of control complex technical objects. Such infor-
mation systems are synthesized on the basis of a set
of known physical and mathematical descriptions,
and their modern algorithms allow to solve current
multifactor technical problems. One of the main are-
as of application of information technology in elec-
tromechanics is the development and creation of sys-
tems that increase the energy efficiency of existing
or projected facilities. A special case of such infor-
mation systems can be considered as vector control
systems for asynchronous electric drives, synthe-
sized in order to minimize power losses, reactive
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trol functions and in the algorithms for finding their
extreme values to increase the accuracy it is desira-
ble to take into account effect of the saturation of the
magnetic circuit, [10,11],[12,13]. It is possible to
improve the energy efficiency of an asynchronous
electric drive by changing the modulus of the refer-
ence vector of electromagnetic flux as a function of
the load moment on the AM shaft
[14,15],[16,17],[18]. In [19] it was proved that to
optimize the energy efficiency of the ED with rotor
control it is necessary to build a multichannel system
with independent speed control and electromagnetic
flux AM, which can be implemented in a vector
field-oriented control system with the addition of an
extreme control circuit. The purpose of control is to
achieve the extremum of some objective function
and to observe the displacement of the extremum
point under variations of the state variables of the
ED under the action of external coordinate perturba-
tions.

THE PURPOSE OF THE ARTICLE

The purpose of the article is to develop an in-
formation system to minimize the consumption of
reactive power by an asynchronous electric drive
with vector control.

To achieve this goal it is necessary to solve the
following tasks: to form quality functions of static
modes of operation the AM with a short-circuited
rotor, which reflect the energy performance of the
ED; perform an analysis of the properties of these
functions to obtain the results necessary for the syn-
thesis of the control information systems, optimal in
terms of energy efficiency; to synthesize as a part of
vector control system of ED of the mechanism with
the fan mechanical characteristic a contour of
searchless extreme control; applying methods of
mathematical modeling to explore the process of
two-channel control of the stator’s state variables of
asynchronous ED in the mode of ensuring the lowest
consumption of reactive power by the stator circuit
AM.

RESULTS OF WORK

Take as a source the following system of equa-
tions of the steady-state operation of an asynchro-
nous machine, written in orthogonal axes uv, ori-
ented by the vector of electromagnetic flux of the
rotor, [9]:

Rk, I

r'r sv .

Yy (1)
3
Mg :ENkrTru lsv s

Wy :N(t)r +

where: T, =L, /R, ; k, =L /L, ;
Li=Ly, +kL,,; R =R,+k?R,; N — is the
number of pairs of poles.

Dependencies for the components of the elec-
tromagnetic flux of the rotor have the form:

o =Lolgy + L1y

r'ru?
@, =Lyly + L1 )

sV rerv:

When orienting the coordinate system on the
electromagnetic flow vector of the rotor ¥,, =0,

¥,
mations we obtain:

U

ru

. Then from (2) after simple transfor-

I _ 5UI’U

ru — L _kI'ISU' (3)

r

I, =—k.I

v — r SV;
From equations (1) follow the relationship:

Isuzylru/l-m;lsvzzwl—St' (4)
3Nk, ¥,

Since the rotor parameters in equations (1) are
given to the stator and the rotor is not connected to
the mains, the active power consumed by the AM is
equal to:

PszgRE[Ljsxrs*]zg[Usulsu+Usv|sv]- ®)

The components of the stator voltage vector af-
ter the replacement of currents 1, and I, by rela-
tions (4) in expressions (1) will take the form:

! Tru 2a)k L's M st k

U, =R Ly -
s L, 3Nk,¥, T, " )
2R'M L.
S sty Dhos T +k No 7, .
3Nk, ¥,, L,

Substitute the relations (4), (6) into (5) and after
the transformations we obtain:

. . k
U, =1, R - L], ——%. '
su su Dy Lslsy Tr ru b _ 3Rs'7yrﬁ 2R'M S2t . "
. . s = 2 22,2 2 st * (7)
_ - 2L 3Nk ¥
Uy, =14R +ao Ly, +k,No, ¥, ; m rfru
Yo =Lnlss ; ; i
The reactive power of the AM is determined by
the formula:
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3 - -x]1 3 =a¥,,ctglb¥?,,),
QS:EIm[USXIS]:E(USVISU _Usulsv)' (8) ru g( ru)
where: a=1504 L, /¥, b=/, .

Substituting in (11) instead of the parameter

L, its expression (12), after the transformations we

Substituting relations (4) and (6) into (8), after
transformations we obtain:

o - Lo #;?  2LoM& obtain the objective function in the form:
s 2 2y, 24y 2 )
ST @) g, =| 33K Ny g2 (b, )+
3k, N, %2 S I A r
i r a)r"yr " Mst ) 2a2
2L, NT,

" LlerMst tgz(byjr)_'_ Rk Mg tg(blljr)
Na’ w Na '

r

The rotation speed of the coordinate system is
taken from equations (1) and is equal to:
RI’kI’ISV — Na)r + ZRFMSt

7, INy2

T (13)

. 2L M 2o, . 4LR,M S
3NK2w 2 oN3kiyt

Wy =Na)r+

(10)

Substitute the obtained expression in (9), sim-

Fig. 1 and Fig. 2 show the dependences in rela-
plifying which, we will have: J J g

tive units of reactive power AM on the modulus of

3NLlswr¥/r2 LR, M, ZL‘Sa)rMSZt the magnetic flux vector of the rotor for different
= + +

Qs o2 NLZ Nk 292 speeds and loads: v, =¥, /%, , a = @, /o, ._T_he
, 2 ) (11) graphs show that the extremum of characteristics

ALsR Mg | 3Nk o, %" My shifts upwards with increasing speed, and to the

N 3k 2y * 2L, NT, right with increasing load. At low speeds, the reac-

tive power function in the vicinity of the minimum is

Expression (11) can be considered as a quality —acclivous. As the speed increases, the minimum be-
function of static regimes asynchronous ED. To re- comes obviously pronounced. Reactive power is due
search this function, it is necessary to introduce the to two types of magnetic fluxes: the magnetization
dependence of the inductance of the magnetizing flux and the scattering flux. The increase in reactive
circuit on the magnetic fluxL,, = f(¥,). As aresult ~power to the right of the minimum is due to an in-
approximation of the universal magnetization curve ~ Crease in the reactive magnetizing current at satura-
[6] the form of the function L, = f(%,) and its pa- tion of the AM. The increase in reactive power to the
left of the minimum is caused by an increase in the

rameters are determined: . . ;
scattering magnetic fluxes and the associated reac-

Ly =1504L, (ylru /ylrn )Ctg (Tru /y/rn ) = (12) tive power.
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Fig.1. Graphs of changes in reactive Fig. 2. Graphs of change of reactive
power at different speedsand M = M power at different speedsand M = 0,4M
Source: compiled by the author Source: compiled by the author
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Let us find the extremum of the objective func-
tion (13). To do this, differentiate it by ‘¥, , equal

the obtained expression to zero and obtain the fol-
lowing equation:

dQ, _3bNo, (L. T ) tgb¥,)
d¥, a?> ' cos?(b¥,)
4Lo,MZ 16L.RMS
3NKZ¥,>  9N®kr¥)”
2bL,R, M, tg(b¥,)
24y 2 2 a (14)
Na’¥ > cos’(b¥,)
2L,R,M bR, k, M
_ 52r SSttgz(b‘[’r)+ r rzst _
Na “¥, Na %, cos* (b ¥, )
R.k,M
-———ttg(b¥,)=0.
Na ¥,

As a result of solving this equation at given
speeds @ and different moments of static load M ; ,
a stirps of graphs extreme values of rotor’s magnetic
flux ¥, from the load moment and rotor speed, at
which the reactive power of the stator circuit AM
reaches a minimum (Fig. 3). The close arrangement
of the curves indicates that the values of the rotor
magnetic flux extreme for the reactive power of the
stator circuit slightly depend on the rotor speed
(speed range ¢ =0,2+1).

19

Mgt

[=1

0.3 1 13

vl

(=1

Fig. 3. Dependences of extreme values ¥,
for Q. from the moment of loading

Uy =My /M, atdifferent speeds
Source: compiled by the author

To avoid stepwise algorithms for finding the
extremum, which can lead to self-oscillations and
reduce the margin of stability of the electric drive, it
is advisable to approximate the characteristics in
Fig. 3 by analytical expressions and use them in the
information control system of the rotor magnetic
flux module. To approximate all the curves, it is
most convenient to use the arctangential function of
the form:

v, =d; +d,arctg (dy uy) - (15)

The coefficients d; are found by the method of

least squares and, for example, for the second curve
from above (¢ =08) in Fig. 3 are equal to:

d,=0273,d,=058, d; =1,691.

Relay regulators with rigid settings implement
control algorithms, which are synthesized for the
nominal parameters of the ED according to the
method described in [20]. Algorithms for controlling
stator reactive current and rotor magnetic flux mod-
ule have the form:

Urcr :UmSign[Uru/_Isu]' (16)

(17)

U, = |:usign[svr* ¥~y pY, ]

where: y, :T,'Tr/(T,' +Tr).
The level of limiting the reactive current of
the stator is assumed to be equal

I, =31, =3%, /L,, . The nominal value of the
magnetic flux module of the rotor is equal to:
U S
¥ = (18)

- a)o(l"' LSO’/Lm) ,

where: U, — stator voltage vector module; @, —
circular frequency of the power supply network.
The relay regulator of the active component of

the stator current implements the algorithm
UI’Ca :UmSign[U ro Isv]'

The relay speed regulator in the coordinate ba-
sis of the first derivatives implements the control
algorithm

(19)

u,, = I;,sign[w: —w, — 7, pa),], (20)

where: 7, =L /R ; 15, =4M, /3NK ¥, .

The vector control system is two-channel with
the implementation of the method of subordinate
control in each channel. The external adjustable var-
iable in the active power channel is the speed, and in
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the reactive power channel — the modulus of the
magnetic flux vector of the rotor.

To generate the task signal of the magnetic flux
regulator of the rotor (17) by expression (15) it is
necessary to estimate the moment of static load,
which is not amenable to instrumental measurement.
Therefore, it is necessary to use a monitoring device
that identifies not only the variables of the state of
the control object, but also inaccessible to direct
measurement of external influences. The following
system of equations, obtained by the method de-
scribed in [21], determines the structure of the ob-
servation device and its algorithm:

~ 3Nk ¥ -~ M ~
pwr:#ISV_ JSt+kl(|sv_|sv);
pfsv = Nkr.&yr E’r _R_-rsv +k2(|sv _rsv)_
L L
s s (21)
_Rrkrlsvlsu_ Ysv .
——— N, Iy, +——;
¥, L
~ 3Nk ¥ b ~ b - -
Mst:#Isv_stt_'_kS(lsv_lsv)'

Analytical expressions for coefficients of cor-
rection feedbacks:

R b
ky =A Q) —————;
2 0 LS J
Nk , ¥ '
1= SNK, ' + bR + (22)
2J INK ¥,
" ' 3 '
bLok, A 7L  — bk, o 209k
’ 3 1 )
INK, ¥, Nk, %7, Nk, %,

2(M stn M O)a)r
o

where: b = — coefficient that var-

w
ies in proportion to the speed of rotation of the rotor;

3 .
—— — geometric mean root
S
of the characteristic equation of the observation de-
vice; A, = A, =2 —for distribution by Butterworth.

To correct the values of the state variables
(CO), the moment-releasing component of the stator

current |, is controlled, which is compared with a

Q,=@1+2)Nk, ¥,

similar variable calculated 1, by the observer, and

their difference is fed through the blocks of correc-
tive feedbacks to the inputs of the integrators of the

observation device (k, .k, ,k5) to adjust the observer
parameters. As can be seen from formulas (22), the

coefficients of corrective connectionsk, ,k,, k; de-
pend in the magnetic flux and rotor speed, and also
depend on 2, . The dynamic errors in estimating
the state variables of the object will be smaller the
larger the value €2, . However, the possibility of in-

crease is limited because it causes an increase in the
feedback coefficients CO, which will lead to fluctua-
tions and further to the loss of stability of the auto-
matic control information system (ACS) with the
identification of the moment of static load.

The functional diagram of the information sys-
tem of automatic control of asynchronous ED is
shown in Fig. 4. It represents a relay vector control
system of the AM with an additional self-tuning cir-
cuit based on the functional converter FC, which
implements the dependence (15).

In the functional scheme it is possible to allo-
cate power and regulating parts. The power part con-
tains an asynchronous machine AM and a transistor
converter TC. The control part includes a speed con-
troller and regulators of states variable in the rotat-
ing frame of reference, the executive part of the
ACS: coordinate transducers for communication
parts of the control system synthesized in different
reference systems, a calculation device for calculat-
ing variables entered into the controlled part of the
ACS, speed sensors, currents and voltages. The con-
trol devices are a speed regulator (SR), a regulator of
the modulus of rotor magnetic flux (FR), as well as
regulators of reactive (RCR) and active (ACR) com-
ponents of the stator current.

Consider the elements of the functional diagram
designed to organize feedback in a rotating coordi-
nate system. Signals from the sensors of the phase
currents of the stator are fed to the phase converter
PC3, which determines the projections of the vector
of the stator current on the axis «, by the ratio

(23)

Isa = IsA; Isﬁ :E(ISB -
The vector transformation subsystem includes
a vector analyzer VA, designed to determine the
modulus of the reference vector of the magnetic flux
and its location in space in the form of sine and co-
sine guides.
The calculation of the modulus and the angle
turn of the flow vector of the rotor is in the vector
analyzer VA by the formulas:

[ 2 .
= era_'_y/rﬁ’

7, (24)
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P ¥
C0SS = —% sing = 2
v

v

The coordinate converter CC2 translates the
stator current vector in the axes «,f in its projec-
tion on the coordinate axes u,v. Transformations
are carried out by ratios

o =15q COSO+1458IN0 ;

(25)

Iy, =153C086 -1, sIin5 .

Coordinate converters CC1 and PC1 convert
the control voltage vector l]: from the coordinate

system u,v to the phase coordinate system ABC.
The transformations take place in two stages:
first in CC1 the projections of the control voltage

Ugs =Ug, sins+Ug, cosd.

Next, in the PC1 coordinate converter transi-
tions from a two-phase system of variables control
voltages to control signals in the phase axes accord-
ing to the expressions

UA:U:a;

Ug :%(\/EU:ﬂ_U:a);

(27)
Ue =—%(\/§u§ﬂ +ul).

The following calculations are implemented in
the PC2 coordinate converter

2 1
U, ZE(USA_E(USB +USC)j;

from the system u,v are converted into projections 1 (28)
in a fixed coordinate system «,f according to the Uy = E(U e -Ug).
formulas
U,, =U, coss-U_sind; (26)
Network
. FR RCR
¥, r .
> J_ u > Uy,
> I
[ S| Ul —
t U
X ACR CcC . PC B
N SR b1 Uy |1 TC
> J_ > J_ Uc
> * A
—>| U,
ISV | Usﬁ < SA
sin & cosd U PC B
(Dr sa 2
< sC
FC ] v, || Lk
\Pr
VA CD
M, sin & Py ] Lia
< cosd \ 2 D)
co f Lo i | PC |l
p(;) ) CC sa 3 ‘I \
T N P sC P
Ly 2 Ly
USV
AM
(DT
=10
Fig. 4. Functional diagram of the information system of extreme vector control of an
asynchronous electric drive
Source: compiled by the author
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In the calculation device CD projections
¥, and ¥, are defined by expressions
Y :J‘(Usa _Rslsa)dt;
¥ = [0y Rl Jat.

Here is the definition of the projections of the
magnetic flux vector of the rotor on the axis «,f

by formulas

(29)

2
v, :iq/w_l'rl‘s—_l‘f“|sa;
L
m m , (30)
W _i _ I-rLs_Lm I
g = sp B
Lm m

The speed is measured by the speed sensor SS,
the information from which is transmitted to the re-
lay speed controller SR and to the functional con-
verter FC.

In the simulation used passport data AM with a
phase rotor type 4AK160S4U3, which is used as a
short-circuited motor by closing the rotor rings:
P, =11kW , U,, =380V, I, =22,4A,

l,, =22A, ng=1500 rpm, J4 =0125 kg -m?.
The GTLF1-040 fan with power 9kW and moment

of inertia 014 kg-m? is accepted as the loading

mechanism.

Fig. 5 shows the transients in the developed in-
formation system to minimize the consumption of
reactive power by an asynchronous electric drive
with vector control. For comparison, there are also
transients in the classical vector control system with
stabilization of the magnetic flux vector.

The dynamics of such electric drives at start-up
to the nominal speed with two consecutive decelera-
tions to lower speeds has been studied.

The ED state variable control subsystem is a
two-channel vector control system with relay con-
trollers that implement control algorithms (16), (17),
(19), (20). The internal regulators of the active (19)
and reactive (16) components of the stator current
are subject to the speed regulators (20) and the mod-
ulus of the rotor magnetic flux vector (17), respec-
tively. The external subsystem of extreme control
consists of the identifier CO which calculates the
moment of static loading, and the functional con-
verter (15) which puts size of magnetic flux in func-
tional dependence on the moment of loading on a
shaft AM.

The method substantiated in the article mini-
mizes the consumption of reactive power by the sta-

tor circuit of the AM and, therefore, increases the
power factor of the ED. In a system with regulation
of magnetic flux in all steady modes the smaller re-
active current of a stator is consumed than in system
with stabilization of flux coupling. It should be not-
ed that in the nominal mode due to the positivity of
the objective function of the reactive power in the
vicinity of the extremum there is almost the same
power factor for both systems, despite the fact that
the magnetic fluxes are different. The positive effect
from the extreme control is manifests itself in steady
modes at speeds below nominal, when the moment
of static load is also much less than nominal. In such
modes, the power factor is significantly increased by
reducing the reactive current of the stator and the
reactive power consumed. The active component of
the stator current increases, which indicates that the
stator current vector rotates closer to the stator

voltage. As can be seen, the redistribution of the
components of the stator current is carried out in
such a way that the reactive power reaches a mini-
mum, which confirms the achievement of set goal.

CONCLUSIONS

The article solves the following problems:

1. Taking into account the phenomenon of satu-
ration of the magnetic circuit, received expression of
the reactive power of the AM (13) is obtained,
which is accepted as a target function for extreme
control of asynchronous ED.

2. As a result of solving equation (14) for the
production mechanism with fan mechanical charac-
teristics the values of magnetic flux of the rotor AM
are found, at which the objective function (13)
reaches a minimum. The dependences obtained in
this way (Fig. 3) of the extreme values of magnetic
flux from the moment of loading are best approxi-
mated by arctangent dependences with three pa-
rameters.

3. In the system of extreme control stepwise al-
gorithms for finding the extremum of the objective
function can be replaced by a functional converter
that implements the expressions of the form (15) and
is used in the construction of the extreme control
system for achievement the minimum reactive pow-
er of the stator.

4. The efficiency of the developed system is
confirmed by mathematical modeling taking into
account the influence of the dynamics of the CO
coordinate identifier on the speed control processes
in order to minimize the consumption of reactive
power from the power supply network under varia-
ble load moment on the AM shaft.
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Fig. 5. Graphs of transients in an asynchronous electric drive with vector control:
1 — system with stabilization of magnetic flux at nominal level;
2 — system with a contour of extreme regulation of magnetic flux by the criterion of minimum

reactive power of the stator circuit
Source: compiled by the author
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AHOTANIA

Binomo, mo eHepreTHyHi MOKA3HUKU aCHHXPOHHHX EJIEKTPOIPHBOJIB MalOTh €KCTpeMalIbHUN Xapakrep. OxHaK mpH cTadimi-
3arii NOTOKO3YEIUICHHs] aCHHXPOHHOI MalllMHK Ha HOMIHAJbHOMY PiBHI i 3MEHIICHHI MOMEHTY HaBaHTa)KCHHs Ha Bally KoedirieHT
MIOTY)KHOCTI CTa€ MEHIIe HOMIHAJIBHOTO, 1 Ile 3MEHIIEHHsI MOKe OyTH 3HAYHHM. ToMy B pOOOTI IIPOIIOHYETHCS MOMNIMIIUTH €HEPreTH-
YHI TIOKa3HUKH aCHHXPOHHHX EJIEKTPOIPHBO/IB 3 BEHTIIITOPHOIO MEXaHIYHOIO XapaKTEePHCTHKOI BUPOOHMYOTO MEXaHi3My IUIS-
XOM 3MIiHH [TOTOKO3YEIUICHHS B (DYHKIII] MOMEHTY CHJI ONOpY Ha By aCHHXPOHHOI MamIvHH. TakuM 4MHOM, JUIs ONTUMI3allii eHep-
TeTHYHUX IIPOLECIB B €IEKTPOIPUBO/I ITPU PETYJIIOBaHHI MPOIYKTHBHOCTI TypOOMeXaHi3MiB HEOOXiHO MOOYIyBaTH CHCTEMY 3 He-
3aJIeKHUM KEPyBaHHAM LIBHIKICTIO 1 MOTOKO3YEIICHHSAM aCHHXPOHHOI MamiHU. OCKiJIBKH CHCTEMH KepyBaHHA TypOoMexaHi3MiB
MIpHU3HAYEeH] UTs cTa0imizamii MBUAKOCTI B TPHBAIUX PEXUMaX poOOTH, TO B MEPIIY Yepry HEOOXiTHO 3a0e3NeUnTr TpaHuYHI eHepre-
TUYHI TIOKa3HUKH B CTAJHMX PEXHUMaX eKCILTyaramii. Y maHiili poOOTi MiIBUIECHHS eHEProeeKTUBHOCTI AOCIATAETHCS MPH pearizarii
BEKTOPHOI MOJICOPIEHTOBAHOI CUCTEMH KEPYBaHHS aCHHXPOHHOIO MAIIMHOIO 3 JOJaBaHHIM IO ii CKIagy KOHTYPY €KCTPEMAabHOTO
peryiroBaHHS. Y CTaTTi po3pobieHa iHpopMaliifHa cucTeMa IBOKaHAIBHOT'O BEKTOPHOTO KEPYBAHHS aCHHXPOHHUM EJICKTPOTIPHBO-
JIOM 3 BEHTHJIITODHUM MOMEHTOM HABaHTA)XCHHS, SIKA MICTUTh B CBOEMY CKJIaJ[i KOHTYp €KCTPEMAaJIbHOTO PETYJIIOBaHHS 32 KPHTEPi-
€M MiHIMyMY CIIOKHBAaHHS PEaKTHUBHOI MOTYXHOCTi. OOIpyHTOBaHA 3aJICKHICTh €KCTPEMATBHUX IS (PYHKII peaKTUBHOI MOTYKHO-
CTi 3HaYCHb MOTOKO3YEIUICHHS POTOpa TOJIOBHUM YMHOM BiJi MOMEHTY HaBaHTa)KEHHS 1 HE3HAUHA BiA mMBUAKOCTi. CHHTE30BaHUI
CIIOCTEpiray CTaHy, SKUi OLIIHIOE MOMEHT CTATHYHOTO HAaBAaHTAXKCHHS, HEOOXITHUI ISl BU3HAUCHHS €KCTPEMAaJIbHUX 3HAYEHb MOTO-
KO3YEIUICHHS pOTOpa Ha MiACTaBl OTpUMaHOI PYHKIIOHATBHOI 3aIeKHOCTI. TakuM 4nHOM, i1est poOOTH MOJSATae B TOMY, I100 BHKO-
PHUCTOBYBAaTU KaHaJ PEaKTHBHOI MMOTYKHOCTI aCHHXPOHHOI MAaIllMHU He JUIs cTa0lizarii MOTOKO34EeIUIeHHS, SIK 1e OyI0 B KIACHYHUX
CHCTEMaX BEKTOPHOTO KepYBaHHs, a JUIs PEr'YJIIOBaHHS MOAYJIS BEKTOPA MOTOKO3YEIUIEHHS pOTOpa B PyHKIIT MOMEHTY CTaTHYHOTO
HABaHTa)KEHHS 32 KPUTEPIEM MiHIMyMy PEaKTHBHOI IOTYKHOCTI cTaTopa. byno po3pobieHo mMaTeMaTHYHY MOJENb Y CEpeIOBHII
Matlab/Simulink i tusIXoM MaTeMaTHYHOrO MOJIECIIOBaHHS IiATBEP/UKEHA MPALE3JaTHICTh CHHTE30BaHOI 1HPOPMAIIHHOI CHCTEMH
MiHiMi3amii CIIOKUBaHHS PEaKTUBHOI MOTY)KHOCTI aCHHXPOHHUM €JIEKTPOIPUBOJOM 3 BEKTOPHIM KEPYBaHHSIM.
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1 JlnenpoBckuii rocyAapcTBeHHbIH TeXHUYeCKUi yHUBepcuTeT, yi. JJuenpoctpoesckas, 2. Kamenckoe, 51918, Vkpauna

AHHOTADIMUA

I/I3BeCTHO, YTO SHEPreTUICCKUE NMOKA3aTCIIM aCHHXPOHHBIX 3JICKTPONPUBOIOB UMEIOT 3KCTpeMaHBHLIﬁ XapakTep. OHHaKO npu
CTa6I/IJ'lPI3aLLI/IH IMMOTOKOCHCIIJIICHUS aCMHXpOHHOﬁ MallHbl HA HOMHUHAJIBHOM YPOBHE€ U YMEHBUICHUU MOMEHTA HArpy3KU Ha Bajly
K03(1)(1)HL1H€HT MOIITHOCTHU CTAHOBUTCS MEHBIIIEC HOMUHAJIBHOTO, U 3TO YMEHBIICHHUE MOXET OBITH 3HAYUTEIILHBIM. HoaTomy B pa60Te
npenara€Tcsd yiIy4llnuTb SOHEPTETUUCCKUE MMOKA3aTECIM aCHHXPOHHBIX 3JIEKTPOIPHUBOJAOB C BeHTPIJISITOpHOﬁ MEXaHHIECKOU XapakTe-
pPICTI/lKOﬁ IMPOMU3BOACTBEHHOI'O MEXaHU3Ma l'lyTéM N3MCHCHHUA IMOTOKOCIECIVICHUS B d)yHKLUAM MOMEHTA CUJI CONIPOTHUBJICHUS Ha BaJly
aCHHXpOHHOfI MaIiuHbl. TakuM 06pa30M, JJIA ONITUMH3alMH SHEPreéTUYCCKUX MPOLECCOB B BJICKTPOIPUBOAC IPU PEryIMPpOBAHUN
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IIPOM3BOJUTENHHOCTH TypOOMEXaHU3MOB HEOOXOUMO ITOCTPOUTH ABYXKAHAJIBHYIO CHCTEMY C HE3aBHCHMBEIM YIPABICHHUEM CKOPO-
CTBIO U TOTOKOCHEIUIEHHEM ACHHXPOHHOW MamiHbl. IIoCKONBKY CHCTEMBI YMpaBieHHs TypOOMEXaHH3MaMH NpeqHa3HA4deHBI IS
CTaOMIM3alUK CKOPOCTH B JUIMTENBHBIX PEeXXUMax paboTHI, TO B MEPBYIO OYepenb HEOOXOMMMO 00ECIIeUnTh Mpe/ie/IbHbIe SHEePreTH-
YecKHe MOKa3aTell B yCTAHOBUBIIMXCS PEKUMaX IKCIUTyaTald. B maHHON paboTe moBbImeHNE YHEProd(hHEeKTHUBHOCTH JOCTUTACT-
¢Sl TIpH peayi3alri BEKTOPHOH MOJICOPUEHTHPOBAHHOMN CHCTEMbI YIPaBICHUS ACHHXPOHHON MAIIMHOHM ¢ N0OaBJICHUEM B €€ cOCTaB
KOHTYpa 3KCTPEMAIBLHOTO PeryiaupoBaHus. B craTbe paspaboTaHa MHpOpPMAIIOHHAS CHCTEMa JBYXKAaHAIFHOTO BEKTOPHOTO YIIPaB-
JIEHUsI aCHHXPOHHBIM 3JIEKTPONIPUBOAOM C BEHTHIIITOPHBIM MOMEHTOM HArpy3KH, COIEpialas B CBOEM COCTaBe KOHTYp JKCTpe-
MaJIbHOTO PETyIUPOBAHUS 10 KPUTEPUIO MUHMMYMa NOTpeOIeHNs peakTUBHOH MomrHocTH. OO0CHOBaHA 3aBUCUMOCTh KCTpEMallb-
HBIX JUIs (YHKIUH PEaKTHBHON MOIIHOCTH 3HAYCHUH ITOTOKOCIEIUICHUSI POTOpa TJIaBHBIM 00pa3oM OT MOMEHTAa Harpy3Kd M He3Ha-
qUTeNIbHas OT cKopocTH. CHHTEe3MpOBaH HAONIOAATENb COCTOSHHS, OLEHUBAIOIINI MOMEHT CTaTHYECKON HArpys3KH, HEOOXOJUMBIH
IUTSL OTIpeeTIeHHs SKCTPEMAIIbHBIX 3HAYSHUH TTOTOKOCIEIIEHHS] POTOPA Ha OCHOBAHWH MOIYyYeHHOH (DYyHKIMOHATBHON 3aBUCHMOCTH.
Taxum obpa3om, uaess paboThl COCTOUT B TOM, YTOOBI HCIIOIBb30BAaTh KaHAN PEAKTHBHOM MOIIHOCTH aCHHXPOHHOW MAIIMHBI HE OIS
CTabUNU3aLUH MOTOKOCIEIUIEHNUS, KaK 3TO OBUIO B KIACCHUECKUX CHCTEMaX BEKTOPHOTO YHPABIEHHUS, a Ul PETryIUPOBAHUS MOLYJIS
BEKTOpa MOTOKOCHEIUIEHHS pOTOpa B (YHKIIMM MOMEHTa CTaTHYECKOH HArpy3KH IO KPUTEPHIO MHHUMYyMa PEaKTUBHOW MOIIHOCTH
cTaTopa.

KiioueBbie c10Ba: acHHXpOHHAs MallnHA; OPHEHTANMS 10 BEKTOPY; LesieBast GYHKIUS; 3aKOH YIPaBICHNUS; HAOIIOIaTeNb CO-
cToAHMS; QYHKIMOHAIBHBINA MPeoOpa3oBaTesb; peaKTHBHAs MOIIIHOCTb
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