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STABILITY OF ANONLINEAR SYSTEM «FREQUENCY
CONVERTER-ASYNCHRONOUS MOTOR»

Abstract. In modern industry, various industries are widely used frequency converters (FC) to control
the speed of rotation of asynchronous motors. Widely used frequency converters that feed asynchronous
motors allow you to optimize production, reduce electrical energy consumption, increase the service life of
equipment, etc.

The article considers the system "frequency converter-asynchronous motor" as a complex nonlinear
automatic control system. On the basis of the linearized transfer function of the frequency converter and the
asynchronous motor, the block diagram of the open system "frequency converter - asynchronous motor"is
made. The mathematical description of the system is written by algebraic controls in symbolic form.

A program for generating the transfer function and calculating the roots of the characteristic equation
using the MATLAB application package is presented.

To determine the stability of the frequency converter - asynchronous motor system, a program is compiled
where the stability of the system is determined by the characteristic roots of the equation. The transient curve
of the speed and torque of an asynchronous motor confirms the adequacy of the block diagram "frequency

converter-asynchronous motor" and its mathematical description.
Key words: frequency converter, asynchronous motor, nonlinear system, electric drive, autonomous

voltage inverter.

Introduction. It is known that frequency
converters are electronic devices that are used to
convert the frequency parameters of an electric
current [1-4]. Frequency converters have acquired
the greatest practical application for controlling the
speed of rotation of synchronous and asynchronous
(SD and AD) electric motors [5, 6]. The use of
frequency converters for controlling electric motors
makes it possible to optimize production, reduce
electrical energy consumption and increase the
service life, etc., of the connected equipment to
the "frequency converter — asynchronous motor"
(Frequency converter - AD) system [6-8].

Currently, the field of use of the "Frequency
converter - AD" system is very wide, starting in
equipment from the food industry, ending with the
mining and metallurgical, oil industry [1, 6].

The main part. Frequency converters used in an
adjustable electric drive, depending on the structure
and principle of operation of the power part, are
divided into [2, 7, 9]:

- with an explicit DC intermediate (or simply an

IF with a DC intermediate);

- with direct connection DC
intermediate).

To date, frequency converters with a DC
intermediate link in the market of the Republic of
Kazakhstan account for almost 93% of the total
frequency converters. Therefore, the article considers
only this type of IF, while the rectifiers, as part of the
converters, are unmanaged, i.e. on power diodes.

Figure 1 shows a typical scheme of a low-
voltage frequency converter with an autonomous
voltage inverter (AVI), as it has received the greatest
distribution, supplied by different manufacturers
[6, 7, 9].

In this scheme, a three-phase AC voltage is fed to
the input of three phase uncontrolled rectifier output
which is fed to the input of the filter (F), after entering
AVI, where the voltage U, is converted to three-phase
voltage variable voltage U=var and with a variable
frequency f=var. Autonomous voltage inverters
of low-voltage converters are made on the basis of
power bipolar transistors with an isolated IGBT gate.
The control system provide spulse-width modulation
(PWM) of the voltage applied to the motor windings.

(without
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The use of Frequency converters in equipment
provides a smooth start, smooth control of the speed
of rotation of the AD both down and up from the
main speed, smooth braking, increases the service
life of both the engine and the equipment, increases
efficiency and cos o, etc.[1, 6, 7, 10].

The mathematical description of an asynchronous
motor (AD) as a link in an automatic control system
presents considerable difficulties, since the stator
and rotor windings are magnetically connected by
design. When the motor rotates, the relative position
of the windings continuously changes, and the mutual
inductance between them changes accordingly.
This leads to a non-linear equation of the electric
motors. In this regard, for the synthesis of ACS, it
is convenient to represent dynamic models of AD in
the form of transfer functions or structural schemes
[11-14].

JIPAIBEP

e - <& =

Upye = const
fy = OB

Figure 1-Typical diagram of a low-voltage
frequency converter with a self-contained voltage
inverter (AVI)

Figure 1-Typical diagram of a low-voltage
frequency converter with a self-contained voltage
inverter (AVI) In the process of designing an electric
drive system, a frequency converter — asynchronous
motor (FC — AD) with the desired motor speed
transients, determining the stability of the system is
one of the necessary design tasks. The block diagram
of the FC-AD system with voltage feedback of the
frequency converter is shown in Figure 1 in Simulink
Matlab [15, 16].

Figure 2 block diagram of the linearized system
of the electric FC-AD presents the dynamic parts of
the system with transfer functions in the form [1]: for

engine W (s)=1/8 , — u W,(s)=b(T,s+1),

and reverse are covered by a single connection to the

frequency Converter W,(s)=K,( Tps+1).— As
a voltage regulator if the open on the speed of the
motor system FC-AD entered nonlinear correction
device (similar even with variable structure).
providing a significant increase in the stability range
of the system [12]. The following designations are
introduced in the block diagram of Figure 2 [7, 14,
17]:

b — modulus of rigidity of the mechanical
characteristic of AD;

T, — electromechanical time constant AD;

q§ — electromagnetic time constant of the stator
and rotor circuits AD;

k, — transmission ratio of the frequency
converter;,

T, — the time constant of the frequency
Converter;

T1, ’ T, — the time constant of the filter;

k.. the ratio of the feedback voltage inverter.

[ISTRUC_RAZOMC_NELIN_SYST PF AD * - [O[x]

File Edit View Simulation Format Tools Help
DERE =@ *B [Nomiv| Eslér | REE &

9% | [ lodeds Y

Figure 2-Block diagram of an open FC-AD system

The stability of an open nonlinear FC-AD system
is considered on the basis of the transfer function of
the system using Matlab functions [15, 16]. To do
this, using the transfer functions of the links of the
system, we transform them into algebraic equations
in symbolic form, taking into account the connections
of the dynamic and nonlinear links of the system.

According to the transfer function W, (s) =1/bTm s
of the engine link, the algebraic equation of the link
in symbolic form takes the following form [18]:

x, —Wx, =0 (1)

where x, =@ — angular velocity of AD;

X, =M — the electromagnetic moment of AD.
An algebraic equation in the symbolic form of
the second engine link, with a subordinate function

W,(s)=b(T,s+1) , it will be recorded:

x, +(/W)x,—x; =0 )

where x; =U, —
frequency converter.

An algebraic equation in the symbolic form
of a frequency converter, with a transfer function

output voltage of the

125




N E W S of the Academy of Sciences of the Republic of Kazakhstan

W,(s)=kyp (T s+1),ithas the form:

/W)x,—(Y+Z)=0, 3)

Y=l Z=sign(W, x,),

where
Wo(s)=(Tis+D)( Tys+1) . x, = —k, X, x,—

error of the voltage stabilization system at the

frequency converter output, W,(s)— transfer
function of the inertial-forcing link, z — setting
effect.

Taking into account the replacement of the

nonlinear equation ¥ = |k 0| , from the point of view
of the convenience of solving the stability problem
with the help of Matlab, on a nonlinear equation

F(x)=k=*(x/x,), the equation ¥ =k | it will
be written in the following form:

Y=(k-(u—kax3)2(k~(u—kax3) 4)

The equation Z =sign(W,-x,) it should be
written as [19]:

Determination of the stability of the open —
speed FC-AD system is carried out on the basis of
the program for calculating the transfer function of
the system and Matlab functions. The program for
determining the stability of the system is shown in
Figure 3.

The program for determining the stability of
the FC — AD system is compiled in the algorithmic
language Matlab. Thecalculationprocedureisasfollo
WS:

1.In the program using the command enter (line
1) character variables with the name of the transfer
functions of the system.

2. Using the function

formed with the name: f1, f2, i, 1 e f3 -
names of equations in symbolic form.

3. Function Matlabcalculates the transfer
functions of the system in symbolic form for each
variable.

4. The initial parameters of the FC-AD system
and the FC voltage stabilization system are entered
from the 8th to the 9th line.

5. From the 10th to the 13th lines, the transfer
functions of the system are introduced, which are
used after calculating the transfer functions for each
variable.

symbolic objects are

6. Function eval (line 14) converts a given
string transfer function to a transfer function with a
numerator and denominator.

7. From the 18th to the 24th lines form the graphs
of the transients of the asynchronous motor.

- syms wl w2 w3 wé

- fl=sym(' (1/wl) *x1-x2');

- f2=sym('x1+(1l/w2) *x2-x3');

- fh=sym(' (1/w3)*x3-sign (w4* (u-k0*x3))');

- fg=sym('-k2*% ((u-k0*x3)"2)/(u-k0*x3)');

- £3=sym(fh+£fq) ;

- [x1,x2,x3]=solve(fl,£2,£3);

- b=25; Tm=0.2; k1=1/(b*Tm);; Tg=0.05; k2=0.5;
- Kp=20; Tp=0.001; T1=0.02; T2=0.08; k0=0.1l; u=5;
- nl=[k1]; mi=[1 0], wl=tf(nl,ml);

- n2=[b]; m2=[Tq 1]; w2=tf(n2,m2);

- n3=[Kp]; m3=[Tp 1]; w3=tf(n3,m3);

" n4=[Tl 1]; m4=[T2 1]; wéd=tf(n4,md);

- Rl=eval (x1); R2=eval(x2);

- gl=minreal (R1)

- g2=minreal (R2);

- pO=pole(ql)

- t=[0:0.01:3];

- [yl,t]=step(ql,t);

- [y2,t]=step(q2,t);

- subplot(211) ,plot(t,yl) ,title('Speed W(t)')
- xlabel('Time (c)'), ylabel('y)'}, grid

2 subplot(ZlLZ) ,plot(t,y2),title('Moment M(t)')
- xlabel ('Time (c¢)'), ylabel('y)'), grid

W 0~ U1 WP

NN R R R R R R B B B B
B W NP O W oo -Jdo U W N R o

Figure 3. Program for determining the stability of
the FC — AD system

The calculated transfer function of the FC — AD
system has the form [7, 20]:

Transfer function:
7e006

$*3 + 2020 s*2 + 4.01e004 s + 2e005

The roots of the characteristic equation of the
transfer function of the system, calculated by the
program with the function (line 21) MATLAB have
the following form:

po =

1.0e+003 *

-2.0000
-0.0100
-0.0100

The roots of the characteristic equation have
negative real parts, according to [6] the system is
stable, which is also confirmed by the transients of
the speed and torque of the asynchronous motor,
shown in Figure 3.
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Speed W(Y) Conclusions.
1. The formation of the transfer function of
o an open nonlinear system frequency converter-
/ asynchronous motor is possible only on the basis of
the algebraic equations of the system in symbolic
0 05 1 Tmies(c) 2 25 3 form.
00 Honenid 2. The calculation of the roots of the characteristic
o0 equation for determining the stability of the system
;400/ should be carried out using the MATLAB function

200 pole.

0

0 05 1 15 2 25, EH
Time ()

Figure 4-Graphs of the transients of the speed and
torque of the asynchronous motor

K.T. Tepremec!, O.P. Kapacaesa!, A.JK. CarbinabikoBa', JK.K. Op:kanoal, E. IllyBajiona?
'F. JIoykeeB aTbiHIaFbl AJIMAThl SHEPreTHKA )KOHE OailllaHbIC YHHUBEPCHUTET,
Anmarel, Kazakcran,
>TaymIMH TeXHUKABIK YHUBEPCUTETI, TamuH, DCTOHMS

KUK TYPIEHATIPTTHI - ACHHXPOH/IbI KO3FAJITKBIID» BEWCBHI3BIKTHI
KYUECIHIH OPHBIKTBLJIBIT bI

AHHOTAUMs. Op TYPJi cajagapaarbl Ka3ipri 3aMaHFbl OHEPKOCIITE aCHHXPOHIBI KO3FAITKBIIITAPIBIH
aifHaITy JKbUTLAAM/IBIFBIH PETTEY YIIiH kUK Typaenaiprimrepi (KT) keHiHeH KoamaHbuIaabl. ACHHXPOHIBI
KO3FAJITKBIIITAPIBIH KE€H TapaJiFaH KUK TYPJICHAIPrilTepi OH i picTi OHTaHIaHIBIPYFa, STIEKTP YHEPTUACHIH
TYTBIHYZIBI a3aiTyFa, )KaOJBIKTHIH KbI3MET €Ty MEeP3iMiH apTThIpyFa XKoHE T. 0. MYMKIHIIIK Oepei.

byn wmakanmama <OKHUTIK TYPIASHIIPTINI — ACHHXPOHABI KO3FAITKBIID) JKYHECl KypAedi CBI3BIKTHI
eMec aBTOMAarThl OacKapy >Kyieci peTiHae KapacThlpburafabl. JKWIIK TYPASHIIPTINI TMEH aCHHXPOHIBI
KO3FaJITKBIIITBIH ChI3bIKTHI Oepiny (yHkiuscel Herizingae «KT - AKy» amblK KyHeCiHIH KYPbUIBIMIIBIK
JIuarpaMMachl yxxacasabel. JKyHeHIH MaTeMaTHKaIBIK CHTIaTTaMachl areOpalblK 0acKapy apKbLTEl CHMBOJIIBIK
TYpIIe ’Ka3blUIFaH.

MATLAB xonjan0aibl TMakeTiH KOJNJaHa OTBIPBIN, Oepily (QYHKIMSICHIH KaJbINTACTBIPY JKOHE
CUTIATTaMAaJIBIK TEHACYIH TYOipJiepiH ecentey OarmapiiaMachl KEITipiiaTreH.

«KuiTK TYpIaeHIIpTil-aCHHXPOHIBI KO3FANTKBIID JKYHECIHIH OPHBIKTHUIBIFBIH aHBIKTAY YIIIiH
TEeHJICYIIH CUTIaTTaMaJIBIK TYOipiiepi apKbUTbl )KYHCHIH OPHBIKTHUIBIFBIH AHBIKTAHTHIH OaFaapiiaMa sKacalibl.
ACHHXPOHABl KO3FAITKBIIITHIH JKBUIIAMIBIFEI MEH MOMEHTIHIH OTMENl KHUCBHIFBI KHUTIK TYPJICHIIPTIII
- ACWHXPOHIBI KO3FAITKBIID) KYPBUIBIMIBIK CXEMACBIHBIH CONKECTITIH KOHE OHBIH MAaTeMaTHKAaJBIK
CUIIaTTaMachlH pacTaiibl.

Tyiiin ce3mep: >KUUIIK TYPICHIPTIII, ACHHXPOHJIBI KO3FAITKBII, OCHCHI3BIKTHI KYHe, 3JIEKTP JKeTeri,
ABTOHOMJIBI KEPHEY MHBEPTOPHI.

K.T. Tepremec!, A.P. KapacaeBa', A.JK. CarbinaukoBa’, ’K.K. Op:xkanoal, E. IllyBasnoBa’
' AJIMaTHHCKHUIT YHUBEPCUTET SHEPTETUKH U CBsi3u uMenu . JlaykeeBa, AnmMarsl, Kasaxcran
*TaJTMHCKUI TEXHUUSCKHI YHUBEpCUTET, TaiiuH, DCTOHUS

YCTONYMBOCTb HEJJTMHEMHOM CUCTEMBbI
«IIPEOBPA3OBATEJ/Ib YACTOTbI - ACHHXPOHHBIH JIBUTATEJIb»

AHHOTAaUMsl. B COBPEMEHHOW MNPOMBINUIEHHOCTH PAa3HbIX OTpaciieil IIMPOKO I[PUMEHSIOTCS
npeobpazoBarenn 4yacToTel ([IY) mms perynmpoBaHHMsS CKOPOCTH BpAIICHHS ACHHXPOHHBIX JBHTATENCH.
[Iupoko pactpocTpaHeHHbIE TPE0Opa30BaTENHN YACTOTHI, MUTAIOIINE ACHHXPOHHBIC IBUTATEINN, TO3BOJISIOT
ONITUMHU3NPOBATHh POU3BOJCTBO, CHU3UTH MOTPEOIICHUE DIIEKTPUIECKON IHEPTHH, YBEIUYUTH CPOK CITY>KOBI
000py/IOBaHMS U T.]I.

B crarpe paccmoTpeHa cuctema «1peo0pa3oBaTeNlb YaCTOThl — ACHHXPOHHBIN JIBUTATENb» KaK CIIOKHAS
HEJIMHEWHas CHCTeMa aBTOMAaTH4ecKoro ynpasieHus. Ha 6a3e nuHeapr30BaHHON INepeaTouHON (yHKIMH
rpeoOpazoBareist 4acTOThl W ACHHXPOHHOTO JIBUTAaTENsl COCTaBJeHA CTPYKTypHas CXeMa pPa3OMKHYTOM
cucremsl «I14 - AJl». Maremarnyeckoe OMMCAaHNE CUCTEMbI HAIMMCAHO alre0pandecKuMu yIpaBIeHUsIMHU B
CUMBOJIBHOM BHUJIE.

[TpuBenena nporpamMmmmMa 00pa3oBaHus NIEpeIaTOYHOM (PYHKIIMU U pacueTa KOpHEH XapaKTepUCTHUECKOTO
YpaBHEHHS C MOMOIIbI0 MpuKiIaaHoro naketa MATLAB.
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I[J'IH OIpeACJICHUA yCTOfI‘{I/IBOCTI/I cuctemsbl [14 — AI[ COCTaBJICHA IIpOoTrpaMmMma, r;i€ XapaKTCpUCTU4CCKUMHU
KOpHSIMU YpaBHCHUA OMPEACTIACTCA YCTOIZHHBOCTB CHUCTCMBI. KpI/IBaSI NEepexXoaHOro mpouecca CKOpoCTu 1
MOMCHTA ACMHXPOHHOI'0 ABUIATCJIA MOATBCPIKAACT aJICKBATHOCTDH CprKTypHOﬁ cxembl «IIY - AII» n cc
MATEMaTH4YCCKOC OITMCAaHHUC.

KiaoueBble ciioBa: HpeO6pa30BaTeJ'H: YaCTOTHI, aCI/IHXpOHHLII‘/'I JABUIaTciib, HEeIMHEHHAS cucrema,
DJICKTPONPUBOI, ABTOHOMHBIHN HWHBEPTOP HANIPAKCHUSA.
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