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ABSTRACT

Context. The analysis of existing systems of sensorless control of hermetic compressor electric drives is carried out.
The main requirements for control systems of automated electric drives of small refrigerating units’ hermetic compres-
sors are determined. The topology of the adaptive Luenberger observer, which allows real-time estimation of the current
value of the rotational speed and load torque on the shaft of the hermetic compressor electric motor, is proposed.

Objective. The object of the study is the coordinates observer as a part of control system of the hermetic compressor
electric drive. The purpose of the work is to develop a mathematical model of the coordinates observer as a part of con-
trol system of the hermetic compressor electric drive.

Method. Based on the linearized model of a three-phase induction motor, the Luenberger observer is synthesized by
the modal method with the distribution of the roots of the characteristic polynomial according to the standard linear
Bessel form.

Results. The characteristic polynomial of the observer is obtained and the coefficients of the Luenberger matrix and
the mean geometric root of the characteristic polynomial are calculated. To ensure the necessary accuracy the structure
of the observer on the basis of the complete mathematical model of a three-phase induction motor executed in the fixed
coordinate system is proposed. In the Matlab/Simulink simulation environment an imitation model of the Luenberger
observer, which includes a complete mathematical model of the hermetic compressor electric motor in the fixed coordi-
nate system, is constructed. By means of simulation modeling the work of the projected Luenberger observer is studied
using the example of the modernized three-phase induction motor of the domestic refrigerator’s hermetic compressor.

Conclusions. The efficiency of the proposed method for identifying the rotational speed and the load torque of the
compressor motor by the adaptive observer based on the calculation of the motor’s electromagnetic moment from the
measured data of the phase voltage and current sensors is confirmed. The error of the researching observer does not
exceed 0.5% at the rotation speed and 10% at the load torque. The obtained structure of the adaptive Luenberger ob-
server makes it possible to build closed control systems for the electric drive of a small refrigerating unit’s hermetic
COMpressor.

KEYWORDS: Luenberger’s observer, electric drive, control system, hermetic compressor, refrigeration unit.

ABBREVIATIONS E is a single matrix;
AED is an automated electric drive; Ly, L, are Luenberger matrix elements;
FC is a frequency converter; M is an electromagnetic torque;
SRU is a small refrigeration unit; M is an estimated value of the electromagnetic
TIM is a three-phase induction motor. torque;
NOMENCLATURE M. is a load torque;
A is an own matrix of TIM as a control object; MC is an estimated value of the load torque;
B is a control matrix of TIM; 9 is a rotor speed;
C is an output matrix of TIM; Q) is an estimated value of the rotor speed;
X is a state coordinates vector of TIM; T, is a rotor time constant;
M is a perturbation matrix of TIM; z, is a number of pair of poles;
Y is a vector of output (measured) variables of TIM; h; is a stiffness of TIM mechanical characteristic;
Y is an estimated value of the vector Y; ) is an electrical network angular frequency;
H is an observability matrix; 1, 1S a nominal value of the electrical network angu-
L is a Luenberger matrix; lar frequency;
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, is a angular current frequency of the rotor;

J is an inertia moment;

u is a control action;

fis a perturbation;

Ay is a coefficient of shape, according to the accepted
standard Bessel linear form;

Q' is a mean geometric root;

D(p) is characteristic polynomial;

N(p) is an normalized polynomial;

p is a polynomial variable;

1. 1s a nominal frequency of the modernized TIM.

INTRODUCTION

Small refrigeration units are now widely used in the
food industry, trade and households for food storage.
Basically, these are compressor refrigeration units
equipped with single-cylinder reciprocating, indirect,
hermetic compressors with electric drive. Since the world
output of SRU is measured in hundreds of millions units,
the possibility of even a small improvement (on a fraction
of one percent) in the energy characteristics or a reduction
in the material consumption of the compressor electric
drive can lead to significant savings.

These capabilities can be obtained by automated
control of the compressor motor speed [1-3], and,
therefore, the cooling capacity of the SRU. This technical
solution allows reducing operating and manufacturing
costs for a controlled electric drive of the compressor.
However, manufacturers of refrigeration equipment face
the complex task of developing an electric drive control
system in the absence of the technical possibility of
installing a speed sensor in a hermetic compressor.
Another problem is the significant influence on the
control system of the disturbing effect (the load torque on
the shaft of the compressor motor), which has a
pronounced pulsating and variable character.

An effective solution to these problems is possible by
using adaptive state observers.

1 PROBLEM STATEMENT

When state observers are used, a TIM mathematical
model is introduced into the control system, which
estimates the current value of the rotor speed. Usually
equations describing only electromagnetic processes in
the TIM are used for this purpose, supposing that in most
applications of the frequency drive the value of the total
moment of inertia of the electric motor and the associated
mechanism is unknown and often difficult to determine.
In this case, the measured coordinates of the electric drive
state are the phase currents of the TIM stator, and the
restored coordinate is the rotor speed, which is
determined by the proportional-integral adaptation
algorithm. This approach allows easily determining the
value of the rotor speed, while the problem of effective
identification of the compressor load torque remains
unresolved.

The aim of the research is to develop the mathematical
model of the coordinates observer for the automated elec-
tric drive “frequency converter — three-phase induction mo-

tor” of a hermetic compressor that allows real-time estima-
tion of the rotor speed and the load torque on the shaft.

To achieve this aim, it is necessary to solve a number
of particular tasks:

— to develop the structure of the coordinates observer
on the basis of existing Luenberger observers;

— to synthesize the model of the coordinates observer
allowing to estimate the engine rotation frequency and the
load torque on the shaft in real time;

— to conduct a research of the accuracy of the received
coordinates observer by means of simulation.

2 REVIEW OF THE LITERATURE

A number of publications have been devoted to the se-
lection, design and development of AED for a hermetic
compressor of SRU [4-8]. The range of the technical so-
lutions under consideration is quite extensive, but all au-
thors state the idea of the prospect of using the electric
drive “frequency converter — three-phase induction mo-
tor”. The choice of a control system for the AED of SRU
hermetic compressors in [4-8] is suggested to be guided
by the following considerations:

— the AED control system should have the simplest
circuit design;

— the AED control system must provide the required
range of performance control of the compressor.

— the AED control system should provide an
acceptable level of ripple of the compressor engine speed.

As shown in [9], the load torque on the shaft of the
piston compressor engine has a pronounced pulsating
character, and its maximum value for one revolution of
the motor shaft can reach triple excess of the nominal
value. Such pulsations of the load torque lead to
pulsations of the rotational speed of the crankshaft on
which the rotor of the motor is mounted [9]. For an
induction motor mounted on the compressor shaft, ripples
not exceeding 1.25% are regulated at the rated speed of
rotation. This value is due to the allowable thermal load
of the motor windings.

Since most of the thermal power released in the engine
stator is due to magnetic losses proportional to the square
of the frequency of the supply voltage, in frequency
control, the magnitude of the ripple of the engine speed
can be increased inversely proportional to the square of
the speed control range.

It should also be taken into account that for the com-
mercially available single-phase motors used in the SRU
compressors, the total mass of the stator and rotor steel
ranges from 3 to 5.5 kg [10]. At the same time, TIM of
similar power has a much smaller moment of inertia: the
total mass of stator and rotor steel is 1.35 ... 2.1 kg.

Taking into account the stated requirements to the
magnitude of the rotational speed ripple, the use of open
control systems for the TIM of a hermetic compressor in
the operation of FC in the voltage source mode is
inexpedient due to the low rigidity of the mechanical
characteristics [11]. The operation of the inverter in the
current source mode allows obtaining more rigid
mechanical characteristics of the electric drive with
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preservation of the critical moment constant, thus the
open control system will be practically inoperative [11].
The maximum rigidity of mechanical characteristics
during FC operation in the current source mode can be
obtained in a closed two-loop system of subordinate
coordinate control [11] with current and speed controllers.

In order to construct a closed-loop control system for
the electric drive of the FC-TIM hermetic compressor, it
is necessary to locate the current value of the TIM speed
that could be easily identified. The existing methods for
determining the rotation speed of the TIM require:

— installation of a speed sensor in a hermetic
compressor, which is fraught with great technical
difficulties;

— or real-time implementation of complex coordinate
transformations and / or differentiation operations in case
of sensorless determination of the rotational speed, which
considerably complicates and increases the cost of the
electric drive as a whole.

Since the SRU operates with a variable thermal load
[1], and taking into account the requirements for the
magnitude of the rotational speed ripple, it is necessary to
ensure the robustness of the FC-TIM electric drive control
system of the hermetic compressor. To do this, it is
required to determine in real time the magnitude of the
perturbing effect — the load torque on the compressor
shaft. The magnitude of the load torque is almost
impossible to measure directly, and its definition from the
equations of the TIM mathematical model requires the
derivative calculation of the rotational speed [11].
Therefore, an additional condition to the control system,
except the relatively simple identification of the TIM
rotation frequency, will be to provide real-time
determination of the magnitude of the load torque on the
compressor shaft without using differentiation operations.

In practice, in three-phase AED special algorithms for
identifying the state coordinates from the data of only
measured stator currents and voltages have been most
widely used [12]. In particular, there are model reference
adaptive systems [13], state observers [12, 14, 15],
Kalman filters [16, 17], etc. An analysis of the works [12,
17] allows concluding that the most effective and easy to
implement algorithms constructed on the basis of the
adaptive full order Luenberger observers. Therefore,
further we consider the construction of the FC-TIM
electric drive control system by the Luenberger observers
[12, 14].

3 MATERIALS AND METHODS

The object of the research is the FC-TIM electric
drive, as a single mechatronic system for a specific appli-
cation in hermetic compressors of SRU. Therefore, the
moment of inertia of the TIM and the rotating parts of the
compressor crank mechanism [9] can be determined even
at the design stage of such electric drive. Therefore, when
the coordinate observer is constructing, it becomes possi-
ble to use the equations of both the electromagnetic and
the mechanical parts of the TIM mathematical model

(Fig. 1).

TIM

i complete mathematical model of TIM
; in canonical form N
‘M

A

)

Figure 1 — Luenberger observer for the electric drive of a her-
metic compressor

In this case, the electromagnetic torque of the TIM,
calculated from the values of the phase voltages and cur-
rents [11], can be used as the measured coordinate. Thus,
the simulation model of the observer being developed will
consist with blocks of the TIM simulation model with the
addition of feedbacks realized by the matrix L.

When the coefficients of the matrix L is calculating,
the use of the equations of the TIM mathematical model
writing in the canonical form [11] for the torque and rota-
tion frequency of the TIM, is directly difficult, because
the electromagnetic torque M is determined by the prod-
ucts of the projections of the stator current and flux vec-
tors. However, this is not necessary, in view of the fact
that the coefficients of the matrix L are determined on the
basis of general recommendations [12, 15] and affect only
the state coordinates identification speed by the observer.
Therefore, it is permissible to use the linearized TIM
model [11].

The synthesis of the Luenberger observer and the de-
termination of its parameters are carried out by a modal
method with the distribution of the roots of the characteris-
tic polynomial according to the standard linear Bessel form
[15]. The starting point of the calculation is the canonical
form of the differential equations of the linearized mathe-
matical model of the TIM, which looks like this:

z,-h; )
Dppo Ly Zr ’QJrﬂw1
dt T, 7, T,
d . 1 1 ’ W
ZQ=—M-—M,
dt J J
1 Zp~h,
y 2
where{ }zx;mlzu;Mc=f; T ) =A;
Q 1
— 0
J
i 0
T, |=B; 1(=M.
0 J

Thus, the system of equations (1) in the vector-matrix
form completely corresponds to the canonical form of the
TIM  representation, as the control object:

X=AX+Bu+Mf .
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It is assumed that in the control system a direct meas-
urement of the TIM electromagnetic torque M is made,
according to Fig. 1. Then the output matrix C = [1 O] , and
the vector of output (measured) variables:

Y=CX=]l o]ﬁﬂﬂw. 2)

An observer for the state coordinate vector estimating
is constructed on the basis of the mathematical model of
the TIM by adding it to the “stabilizing additive”

L(Y - \A() [12, 14]. Assuming the perturbation is uncon-

trollable, and taking into account expressions (1) and (2),
the linerized mathematical model of the complete Luen-
berger observer for the TIM will take the form:

n N Zph oA . N
Ly :—iM—Lsuﬁml +L1(M —M)
dt 7 7 T _

P A ®)
EQ:7M+L2(M—M)

The observer’s synthesis begins with the observability
condition checking of the TIM as a control object ex-
pressed by the requirement of the equality of the ob-
servability matrix H rank to control object order [15].
According to equations (1), the order of the linearized
TIM model is two. The observability matrix for the ac-
cepted control object:

1
 ——

H—[CT:ATCT]— h2 4

=lcT: = . 2 h | (4)
T

The rank of the resulting observability matrix H is
two, which satisfies the condition of the observability.
The elements of the matrix L are determined by equating
the characteristic polynomial of the observer D(p) to the
normalized polynomial N(p) [15]:

pE—A+LC|=p2+AIQ'p+(Q')2, ©)

where Q' is chosen from the condition of ensuring the
required performance of observer response speed; A,
equals to 1.73 according to the accepted standard Bessel
linear form.

Characteristic polynomial of observer is:

D(p)=|pE-A+L(|=

J_p_zp-hi~(J-L2—1). (6)

2 1
=p +|—+L
P (T ! -J

2

Equating the corresponding coefficients D(p) and N(p)
we obtain:

L=4-0- -1 7@ BT 7)
T2 Zp'hl"J

As noted earlier, the value of Q' in the general case is
determined by the required observer response speed,
which in 5 ... 10 times exceeds of the processes speed
proceeding in the TIM. Since the velocity of all dynamic
processes occurring in the TIM is determined in the first
turn by the voltage nominal frequency of the supplied to
the motor, it is recommended to take the value of the
geometric root equal to

Q' =(5..10)- 0y . ®)

To ensure the greatest accuracy of the observer, it is
desirable to implement it on the basis of the complete
mathematical model of the TIM, executed in a fixed coor-
dinate system [11]. For this equation, the observer (3) is
expediently converted to the form:

Ty LN+ 0 = by |y — 2, 0+ T2 (0 — a7 )

dt h; ©
Jdifz=M+J-L2(M—M)
t

The transformed equations correspond to the structural
scheme shown in Fig. 2. Analysis of equations (9) and
diagrams in Fig. 2 allows concluding that the “stabilizing

additive” J-L, (M -M ) is actually the estimated value

of the TIM load torque M . and in the scheme is given to

an adder calculating the dynamic moment of the entire
electromechanical system of the TIM compressor. In turn,

the “stabilizing additive”

1

T,-L Y.
zh 1-(M—M) 1S given to an

adder calculating the frequency of the rotor ,.

M L
ESEh i o = =4
the linearized
electromagnetic part of JLy
the mathematical model TIM: -
o, 0y hi . L&
d Lp+1 Jp
................. e —
{2,

Figure 2 — Structural diagram of the linearized Luenberger
observer

The obtained observer structure allows on its basis to
construct in the Matlab / Simulink environment a simula-
tion model of the Luenberger observer, which includes
the complete mathematical model of the TIM in a fixed
coordinate system (Fig. 3).
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Figure 3 — Simulation model of the Luenberger observer

In the presented model, the coefficients 7>-L;/h; and
J:L, are implemented by the Gainl1 and Gainl2 amplifi-
ers, respectively, the calculated TIM electromagnetic
moment value is fed from the input port 1 and its estimate
from the output of the Gainl0 amplifier. At the output of
the blocks Integrator! ... Integrator4, the estimated values
of the stator and rotor magnetic fluxes ¥4, W1, W24, ¥2p
in the fixed coordinate system are calculated from the
equations in [11], taking into account (10). At the output
of the Integrator5 unit an estimate of the current value of
the TIM rotational speed value is generated, which is then
used for rotational feedback.

4 EXPERIMENTS

Researches of the obtained model of the Luenberger
observer were carried out using the data of the modern-
ized TIM taken from [18]. Since the nominal frequency of
the modernized TIM is fi, =100 Hz, the value of the
geometric root that characterizes the speed of the Luen-
berger observer is taken Q = 6280 s™'. This value corre-
sponds to the values of the coefficients of the Luenberger
matrix: L, = 15958 and L, =-8110.

5 RESULTS
As a result of simulations of the Luenberger observer
in conjunction with the TIM of the hermetic compressor
of the SRU at the nominal frequency signal and the nomi-
nal compressor load, whose mean value is 0.3 N-m,
graphs have been obtained for changing the rotational

speed Q and the load torque M o of the researched TIM

and as well as their assessments and at the output of the
observer (Fig. 4).

170

Q, rad/s
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M, N-m
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nzli 1 . H ; i L .
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Figure 4 — TIM state coordinates changing and their estimation

© Bukaros A. Y., Onyshchenko O. A., Montik P. N., Malyshev V. L., Bukaros V. N., 2019

DOI 10.15588/1607-3274-2019-1-21

234



e-ISSN 1607-3274 Pagioenexrponika, inpopmaruka, ynpasminss. 2019. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 1

6 DISCUSSION

From fig. 4 it can be seen that the estimated coordi-
nates of the compressor electric drive state are sufficiently
close to their real values, and the observer’s error does not
exceed 0.5% at the rotational speed and 10% at the load
torque. The increased value of the error of load torque
estimating the investigated TIM in comparison with the
estimate rotation speed is explained, on the one hand, by
the presence of the second “stabilizing” addition

T,-L/h; ~(M—M), and, J-LZ(M—M) on the other
hand, by the installation of the filter (Fig. 3, block Trans-

fer Fen) to exclude high-frequency components in esti-
mate signal M..

CONCLUSIONS

The problem of real-time determination of the rotor
speed and the load torque of the electric drive of a small
refrigerating unit’s hermetic compressor is solved using
the designed Luenberger observer.

The scientific novelty of obtained results is that the
method for identifying the TIM rotor speed and compres-
sor load torque by the developed full-order Luenberger
observer has been further developed. The observer’s error
does not exceed 0.5% of the rotational speed and 10% at
the load torque.

The practical significance of obtained results is that
the obtained structure of the Luenberger’s observer allows
to design closed by an observer control systems of auto-
mated electric drive of small refrigeration unit’s hermetic
COMpressor.

Prospects for further research are to improve the
accuracy of the load torque estimation by improving of
the proposed structure of the Luenberger observer on the
basis of observers of a reduced order.
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AHOTAIIIA

AxTtyansHicTb. [IpoBenenuii aHaii3 icHylouHMX cucTeM 0e31aTYMKOBOIO KEPYBAaHHS €IEKTPOIPUBOJAMY TePMETHYHUX KOMIIpE-
copiB. Bu3HaueHi OCHOBHI BUMOTH, II0 3aCTOCOBYIOTHCS JI0 CHCTEM KEepyBaHHS aBTOMAaTH30BAaHUX EJIEKTPOIPHBOJIB IepPMETUYHUX
KOMIIPECOPIiB MaJINX XOJOAMWIBHUX YCTAHOBOK. 3alIPOIIOHOBAHA TOTIOJIOTIS aJallTHBHOTO criocTepirada Jlroenbeprepa, mo 103BoOJIsE B
peabHOMY 4aci NPOBOAMTH OL[HKY IIOTOYHOT'O 3HAYECHHS YaCTOTH OOEPTaHHS 1| MOMEHTY Ha Bajly CJICKTPOABUIYHA TE€PMETHYHOTO
KOMIIpecopa.

Meta. O0’€KTOM JOCTIKSHHS € CIIOCTepirad KOOPAWHAT B CKJIafi CHCTEMH KepyBaHHS eJICKTPOIIPHUBOIOM I'€pPMETHIHOTO KOMII-
pecopa. Mera pobotu — po3poOKka MaTeMaTHYHOI MOJIENI CrIocTepirada KOOpAWHAT B CKJIAJi CHCTEMH KepPyBaHHs €JIEKTPOIPUBOIOM
TepMETHYHOT0 KOMIpecopa.

Meton. Ha ocHoBi niHeapu3oBaHoi Moeli Tpu(a3HOro aCHHXPOHHOTO IBHIYHa CHHTE30BaHuUil crioctepiray JltoenGeprepa mo-
JaJbHUM METOIOM 3 PO3IO/LIOM KOPEHIB XapaKTepUCTUYHOTO MOJIIHOMA 3a CTaHAAPTHOIO JiHilHOIO (hopMmoro beccers.

Pesyabratu. OTprMaHuil XapaKTepUCTHYHHAN TOMIHOM CIIOCTepirada i po3paxoBani koegimienTn Matpui Jlroenbeprepa i cepe-
THHOTCOMETPUYHHUI KOPiHb XapaKTEPUCTHYHOTO ToyiiHOMa. [ 3a0e3medeHHs HEoOXiIHOI TOYHOCTI 3alpoNOHOBaHa CTPYKTypa
criocTepirada Ha OCHOBI TOBHOI MaTeMaTHYHOI MOJIeNi TpH(a3HOro aCHHXPOHHOTO ABUTYHA, BUKOHAHOI B HEPYXOMiil cucteMi Koop-
IUHAT. Y cepenoBuini MoaenroBanHs Matlab/Simulimk noGynoBana imitariiiHa Mozens crioctepirada JlroeHOeprepa, Mo BKIOYAE
NIOBHY MaTeMaTH4HYy MOZENb eJIeKTPOIBUTYHA FepPMETHYHOIO KOMIIpECOpa B HEPYXOMiii cuctemi KoopauHat. 3acobaMu iMiTawiifHo-
ro MOJEJIOBAaHHS JOCHiIKeHa podoTa CHPOEKTOBAHOro crocrepirada JlroeHOeprepa Ha NMpPUKIALI MOJEPHI30BAHOTO TPU(A3HOTO
ACHHXPOHHOTO JIBUT'YHa T€pPMETUYHOIO KOMIIPECOpa M00yTOBOrO XOJI0JHIbHUKA.

BucnoBkn. [TintBepmkena eeKTUBHICT 3alPONOHOBAHOTO cOCO0Y ineHTU(IKALIT YaCTOTH 00epTaHHS | MOMEHTY OIOpY elIeK-
TPOABHUTYHA KOMIPECOpa aTalTHBHUM CIIOCTEpiradyeM Ha OCHOBI OOYHCIICHHS eNEKTPOMATHITHOIO MOMEHTY OBUTYHA IO BUMIpSHIM
JaHUM JaT4YMKiB (pa3sHUX HampyT i cTpyMmiB. [loxmOka mocmimxyBaHoro crnocrepirada He nepeBuirye 0,5% mo gactoti odepTaHHA i
10% mo momeHTy omopy. OTpuMaHa CTPyKTypa agaNTUBHOrO criocrepirada JlroenGeprepa 103Boiste OyyBaTé 3aMKHYTI CHCTEMH
KepyBaHHSI aBTOMAaTH30BaHUM €JIEKTPOIIPHUBOJIOM T'€PMETHYHOTO KOMIIPECOPa Mol XOJIOAMIBHOI yCTaHOBKY.

KJIFOUOBI CJIOBA: cnocrepirau Jlroen6eprepa, elneKTpoIpHBOJ, CUCTEMa KePyBaHHs, TEPMETHYHUI KOMIIPECOP, XOJIOANIIb-
Ha yCTaHOBKA.
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AHHOTAIUSA

AKTyanbHoOCcTb. [IpoBesieH aHanu3 CyIIECTBYIOLUIMX CHCTEM O€37aTYMKOBOTO YIIPABJICHUS 3IE€KTPOINPHBOJAMU TE€PMETHUIHBIX
KoMIpeccopoB. OnpeaeneHsl OCHOBHBIE TPEOOBAHUS, MPEABABIAEMbIE K CUCTEMaM yIPABICHHs aBTOMAaTU3HPOBAHHBIX IEKTPONPH-
BOJIOB TE€PMETHIHBIX KOMIIPECCOPOB MAIbIX XONOAMIBHBIX YCTAaHOBOK. IIperioxkeHa TOMoNorus aganTuBHOTO Habmogarens JlroeH-
Oeprepa, MO3BOJIIONIAS B PEATEHOM BPEMEHH IIPOBOAUTE OIEHKY TEKYIETo 3HaYEHHs YaCTOTHI BPAIICHHs U MOMEHTA Ha BaJy JJIEK-
TPOJBHUTATEISI TEPMETUYHOTO KOMIIpEccopa.

eab. OOBEKTOM HCCIICIOBAHMS SBISIETCSI HAOMIOAATEIh KOOPWHAT B COCTABE CUCTEMBI YIIPABIICHHUS HJIEKTPOIIPUBOIOM I'epMe-
THYHOTO Komrpeccopa. Llenb paboTsl — pa3paboTka MaTeMaTHYeCKOH MOJenn HabJIIoAaTeNnss KOOPAUHAT B COCTABE CHCTEMBI YIIPaB-
JICHUS 3JIEKTPOIPUBOJIOM FePMETUYHOIO KOMIIPEccopa.
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Mertoa. Ha ocHoBe nuHeapn30BaHHON Mojer Tpex(a3HOro aCMHXPOHHOTO JBUTATENsi CHHTE3UpOBaH Habmonaresb JlroenOeprepa
MOJATBHBIM METOJIOM C PacTpeieieHHeM KOPHEH XapaKTepUCTUIECKOro TIOJIMHOMA IO CTaHAApTHOH JIMHEeiHON dopme beccenst.

Pe3yabTatsl. [lorydueH xapakTepucTHUECKHil IOIMHOM HAOIIOJaTeNs U pacCuUTaHbl Kod(dunuenTs! MaTpuns! JlloeHOeprepa u
CpeHETeOMETPHIECKHH KOPEHb XapaKTepUCTHIECKOro ImojarHoMa. [l obecniedeHuss HEOOXOAUMOH TOYHOCTH IIPEUIOKEHa CTPYK-
Typa HaOJIosaTelsi Ha OCHOBE ITOJIHOW MaTeMaTHYeCcKOH Mopenu Tpex(a3HOro aCHHXPOHHOTO JBUTATelIs, BEIIIOJIHEHHOH B HEMOI-
BI)KHOI cucTeMe koopauHat. B cpene monenupoBanus Matlab/Simulimk moctpoena nmurannonHas mozaens Habmonarens JloeH-
Oeprepa, BKIIIOYAOLIAs [TOJHYI0 MaTEMaTHUECKYIO MOJICIb JIEKTPOABUTATEINS TePMETHYHOTO KOMIIPECCOopa B HEIO/IBIIKHOM CHCTEME
koopauHat. CpeacTBaMM UMHUTAIMOHHOTO MOJEIUPOBAHUS HCCIIEA0BaHa paboTa CIpoeKTUpOBaHHOrO Habmronatens JlroenGeprepa
Ha [PUMepPe MOJEPHU3UPOBAHHOTO TPEX(PA3HOTO ACHHXPOHHOTO ABUTATENS T€PMETHYHOTO KOMIIPECCOpa ObITOBOIO XOJIOUIBHHKA.

BriBoasl. IToarBepxaeHa 3¢heKTUBHOCTh MPEITOKEHHOTO CIOco0a MACHTU(HUKAMN JacTOTHI BPAIIEHNUS M MOMEHTAa COIpPO-
THUBIICHUS SIIEKTPOIBUTATEIS] KOMIIPECCOpa alallTHBHBIM HaOMIOgaTeIeM Ha OCHOBE BBIUHCIICHHS 3JIEKTPOMArHUTHOTO MOMEHTA JIBH-
raTess o U3MEPEHHBIM JaHHBIM JaTIYNKOB (pa3HBIX HAIPSDKEHUH U TOKOB. IlorpemrHocTs necaeayeMoro HabmoaaTenst He MpeBbIIa-
et 0,5% mo wacrore Bpamenus U 10% 1o MoMeHTy conpoTuBieHus. [lomydeHnas cTpyKTypa afanTHBHOTO Habmrogarens Jliroenoep-
repa MO3BOJSET CTPOUTH 3aMKHYTBIE CHCTEMBI YIPABICHHS! aBTOMATH3HPOBAHHBIM 3JIEKTPOIPUBOAOM I'€pPMETHUHOTO KOMIIpeccopa
MaJIOH XOJIOJMIIBHOM yCTaHOBKH.

KJIFOYEBBIE CJIOBA: Hat6ntonatens JlroenOeprepa, 3IEKTPONPUBOJ], CHCTEMA YIPABJICHHS, TePMETUYHBIA KOMIIPECCOP, XO-
JIOANNbHASL YCTAaHOBKA.
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