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SYNTHESIS OF PARAMETERS IN CLOSED-LOOP SYSTEM
OF FREQUENCY CONVERTER - ASYNCHRONOUS MOTOR
OF CENTRIFUGAL PUMP ON ECM

Abstract. This article presents a block diagram of the closed-loop electric drive system of frequency converter —
asynchronous motor. We present a mathematical description of the dynamics of asynchronous electric drive move-
ment and program of parameters synthesis of control system in MATLAB, as well as the schedule of transient pro-
cesses of asynchronous motor. A program of parameters synthesis of control system of FC-AM closed-loop system in
MATLAB was developed. Calculation of control parameters of the system, using the source data is conducted with
developed software of differential equations solutions of the dynamics of the closed-loop frequency-controlled asyn-
chronous electric drive. In a given block diagram of the system, the frequency converter — asynchronous motor with
speed feedback to achieve the desired properties of the management processes, there was introduced a nonlinear
correction as a regulator of the asynchronous motor speed. The calculated parameters of frequency converter and the
non-linear correction system are selected according to the graphs of transient speed processes and electromagnetic
torque of asynchronous motor in the MATLAB environment with the required quality characteristics of transient
motor processes. The calculated unknown parameters of a closed-loop system frequency converter — asynchronous
motor and the graph output of transient speed processes and electromagnetic motor torque on a computer display
screen is carried out at the same time to facilitate the solution of the synthesis problem in a dialog work "operator —
ECM" mode.

Keywords: frequency converter, asynchronous motor with short-circuit rotor, centrifugal pump, synthesis of
parameters.

During the design of automatic control system of frequency-controlled asynchronous electric drive of
centrifugal pump, the synthesis of control parameters is one of the necessary design tasks [1]. Synthesis of
parameters of control system FC-AM is carried out on the basis of the block diagram of an asynchronous
motor with short-circuit rotor [2]. Parameters of AKZ 20 HP (15 kW) asynchronous motor are selected
from the SimPowerSystem library:

R, =02205 On, Ly=L,=006518 I'n, L_=0,06419 I'n, J=0102xen’>, p=2.
U =400B, =501,

Table 1 — The coefficients necessary for the calculation of the parameters of the transfer functions of the asynchronous motor

Coefficients and T T b T, k L‘S
constants of AM time oM ¢ c R Tu
Values 043 0,0046 0,296 0,985 0,002

Parameters synthesis of asynchronous electric drive control is the most effective in the dialog mode
of ECM use, when operator, having received the interim results of the account from the ECM, analyzes the
received information and sends the further activity of the ECM. In this regard, the creation of program of
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the parameters synthesis of the asynchronous electric drive control, which takes into account the dialog
mode the operator — ECM, is one of the most popular design tasks of electrical drive systems control.
Figure 1 shows a block diagram of an asynchronous motor in the MATLAB system.
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Figure 1 - Block diagram of an asynchronous motor with short-circuit rotor in the MATLAB system

The developed block diagram of the closed-loop system of the frequency converter — asynchronous
motor with short-circuit rotor in a rotating coordinate system and with non-linear speed control is shown
in Figure 2.

The automatic control system consists of: the speed controller (IT - regulator) of an asynchronous
motor, feedback on the motor speed, the total feedback from speed sensor and the voltage output Upy from
FC). In order to improve the quality characteristics of the transient process of dynamics of the drive
closed-loop system of FC-AM to the control system there was introduced the non-linear correction unit
with the dead zone.

In Figure 2, the block diagram of an asynchronous motor with AKZ 20NR (15 kW) short-circuit rotor
was built with passport data and system parameters. The frequency converter (FC) in the block diagram is
represented by an inertial element K, /(T p + 1), where 75, = 0,001is according to the [3]. The speed
controller of the closed-loop system frequency converter — asynchronous motor (FC-AM) is presented by
non-linear filter with amplitude attenuation. The non-linear filter provides attenuation of the amplitude
with increasing frequency without phase change, thus increasing the stability of the system. The non-linear
filter consists of the following units: multiplier unit (multiplication unit), a unit with non-linear

characteristics |u|, aperiodic unit with a transfer function W (p) = K /(Tp-p +1); unit with non-linear
sign(x) characteristics. Unknown parameters (subject to synthesis) are the numerical values of the nonli-
near filter parameters, i.c. the numerical value of the K, coefficient, 7}, time constant. The coefficient
of the K, frequency converter and the coefficient of K. feedback factor of the system should be defi-

ned. Mathematical description of asynchronous motor with short-circuit rotor (AKZ) in the rotating
coordinate system, can be written by the following system of differential equations in the operator form:

—— 195=——
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Figure 2 — Block diagram of the closed-loop system FC-AM
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The mathematical description of the dynamics of the closed-loop system FC-AM can be presented by
the system of differential equations on the basis of the transfer functions of the system:

% =0.217* x(4) =314 * x(2) + 2* x(2) * x(5) - 3.33 * x(1);

idxti: 0217 *x(3)-314*x(1) —Z*x(l)* x(s)_3_33 *x(z);
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dx,
x; =506.5 % x(6) +1686.7* x(2) + 997.6 * x(1) * x(5) + 311.5% x(4) — 217.4* x(3);
d
L; =1686.7* x(1)~ 311.5% x(3) — 97,6 * x(2) * x(5) — 217 * x(4):
dx

5 _

= 28.9%x(2)* x(4)-28.9* x(1) * x(3);

%:(1000*1(}, *Kpe)*u—1000% 2* K, * K, + K, K * gl)*x(1) -

—(1000* K, *K ¢ * gl * K, ) * x(6),
% =2.95%((x(2) * dx(4) + x(4) * dx(2)) — (x(1) * dx(3) + x(3) * dx(1))),

where X, =Woyp, X, =Wy, X3=iy, X, =iy, X=0,. Wpy, Way — rotor flux linkage, ig,

Igy — stator current.

Parameters synthesis of control system of frequency regulated electric drive is carried out on the basis
of the algorithm of parametric synthesis illustrated in Figure 3. The calculation procedure is as follows:

1. The mitial data: coefficient of Kp frequency conversion, coefficient of Kp. speed, coefficient of the
total voltage from the speed sensor and FC sensor Ky, coefficient of the voltage sensor of FC Ky,
coefficient of the gain from the non-linear unit Ky, and coefficient of feedback on the speed Ko are
introduced. It should be noted that the initial values of the coefficients subject to the synthesis are set in
the form of random numbers.

2. The condition of the inequality x, <1 is checked.
3. Partial derivatives S = f(x,) are calculated.

4. The numerical values of the right side of the system of differential equations are calculated (1).
5. The minimum sum of Lyapunov function and its derivatives by scanning method is calculated.
6. New numerical values of the variables X, are calculated.

7. The condition of the inequality X, <1 is checked again.

In case of failure of inequality, the output of numerical values of the synthesized parameters (Kp, Ky,
Ks, Koc 1 Kpe ) and output of graphics of transient speed and motor torque for the visual evaluation of the
quality of transients is carried out. The synthesis program of control system parameters FC-AM, compiled
on the MATLAB Algorithmic Language [4], is shown in Figure 4. We should note that the non-linear unit
in the control system is presented on the basis of the method of harmonic linearization [5, 6], by the linear
unit with harmonic linearization equal to gl = 1,107. This coefficient of harmonic linearization is used
with the same name gl in the program of synthesis of control system parameters.
The program of parameters synthesis of the system control:
function SCAY;
global Kp; global Kpc; global Koc; global Ks; global Ku;
global s1; global s2; global s3; global s4; global s5;
global s6; global s7; global s8; global s9; global s10;
n=6; r=0; s1=0; s3=0; s5=0; s7=0; s9=0; m=50;
for i=1'm
h=0.5; ql=1¢6:
Kp=rand*20; Koc=rand"2; Ku=rand; Ks=rand; Kpc=rand;
x(6)=0.01; while x(5)<=1
x(5)=0.01; while x(5)<=1
x(4)=0.01; while x(4)<=1
x(3)=0.01; while x(3)<=1
x(2)=0.01; while x(2)<=1
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x(1)=0.01;
while x(1)<=1
h1=0.01; i=1;
while i<=n
u(i)=x(i)+hl; v(i)=x(i)-hl; j=1;
while j<=n
if j~=i u(§)=x();v(j)=x(j);end
=L
end
k=1; p1=0; p2=0;
while k<=n 1=k;
while 1<=n a(k,l)=rand;
pl=pl+ak.l)*uck)*u(l); p2=p2+a(k.l)*v(k)*v(l),
1=1+1:end
k=k+1;end
a(i)=((pl-p2)/2)/h1; i=i+1;
end
g1=1.107;
d(1)=0.217#x(4)-314*x(2)+2¥x(2)*x(5)-3.3*x(1);
d(2)=0.217*x(3)+314*x(1)-2*x(1)*x(5)-3.3*x(2);
d(3)=506.5*x(6)+1686.7*x(2)+997.6*x(1)*x(3)+...
311.5%x(4)-217.4%x(3),;
d(4)=1686.7*x(1)-311.5%x(3)-997.6*x(2)*x(5)-...
217 4%x(4);
d(5)=28.9%x(2)*x(4)-28.9*x(1)*x(3);
d(6)=-1000*(2*Kp*Koc+Kp*Ks*g1)*x(1)-Ks*g 1 *Ku*Kp*x(6);
s=0;
fori=l:n
s=s+abs(x(1)"2+a(i)*d(i));
end
q=s;
if g<=q1 ql=q;end
x(1)=x(1)+h; end
x(2)=x(2)+h; end
x(3)=x(3)+h; end
x(4)=x(4)+h; end
x(5)=x(5)+h; end
x(6)=x(6)+h; end
r=r+l;
s1=s1+Kp; s2=sqrt((s1/m)"2); s3=s3+Kpc; sd=sqrt((s3/m)"2);
s5=s5+Koc; s6=sqrt((s5/m)"2);s7=s7+Ks; s8=sqrt((s7/m)"2);
$9=39+Ku; s10=sqrt((s9/m)"2);
if r>=m break:end
end
cle
Kp=s2; Kpc=s4; Koc=s6; Ks=s8; Ku=s10;
disp('Kp=");disp(Kp); disp('Kpc="):disp(Kpc);
disp('"Koc=");disp(Koc); disp('Ks=");disp(Ks);
disp('Ku=");disp(Ku);
x0 = [0;000,0:0:0];
[T, X] = oded3(@syst1,[0 1],x0);
plot(T,X(,5)*2. k-, T.X(:.7)*5.'b.-)
grid

—198
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function dx=syst1(t,x)
g1=1.107; al=1000*Kp*Kpc; a2=1000* (2*Kp*Koc+Kp*Ks*gl);
a3=1000*Ks*g1*Ku*Kp;
dx=zeros(7,1);
dx(1)=0.217*x(4)-314*x(2)+2*x(2)*x(5)-3.3*x(1);
dx(2)=0.217*x(3)+314*x(1)-2*x(1)*x(5)-3.3*x(2);
dx(3)=506.5*x(6)+1686.7*x(2)+997.6*x(1)*x(5)+311.5*x(4)-
217.4*x(3),
dx(4)=1686.7*x(1)-311.5*x(3)-997.6*x(2)*x(5)-217 4*x(4),
dx(5)=28.9*x(2)*x(4)-28.9*x(1)*x(3);
dx(6)=al*50-a2*x(1)-a3*x(6);
dx(7)=2.95*((x(2)*dx(4)+x(4)*dx(2))-(x(1)*dx(3)+
x(3)*dx(1)));
end
end

Graphs of transient processes of speed and electromagnetic torque of asynchronous motor with
excellent qualitative characteristics of transient processes are shown in Figure 3.
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Figure 3 — Graphs of transient processes of speed and torque of FC-AM closed-loop system

As seen in Figure 3, the graph of the transient processes of speed of asynchronous motor is selected
without overshooting and oscillation, i.e, optimal transient process of motor speed. Results of parameters
account of control system for the selected graph engine of transient processes of motor speed have the
following numerical values:

Kp =10.4596, Kpc=0.5177, Koc=0.3099, Ks=0.5263, Ku=0.4545.

It should be noted that the start of the program of parameters synthesis of FC-AM closed-loop system
is carried out until a transient processes graph of motor speed with the required quality characteristics of
transient processes of asynchronous motor is obtained.
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7K. K. Toiiro:xunosa, J. b. /lapkentaeBa
AJIMATHHCKHH YHUBEPCUTET YHEPTCTHKY U CBI3H, Anmarsl, Kazaxcran

CHHTE3 HAPAMETPOB“?;AMKHYTOIZ CHCTEMBI ITIPEOBPA3OBATEJIb YACTOTHI -
ACHHXPOHHBIHU ABUTATEJb HEHTPOBEXHOI'O HACOCA HA 39BM

Annoranus. IIpuBeneHa CTPYKTYpHAd CXeMa 3aMKHYTOIO 3JICKTPONPHBOJA CHCTEMBI IPE0oOpa3oBaTeb 4ac-
TOTBI — ACHHXPOHHBIH JBUTareb. JlaeTcs MaTeMaruuecKoe ONMCAHNUE JUHAMHKH JBWKCHHS ACHHXPOHHOTO 3IICKTPH-
MPOBOJA B MPOTPAMMAa CHHTE3a MApaMETPOB CHCTEMBI yipaBieHus B cpeae MATLAB, a Taoke rpapuk mepexoaHbIx
NPOLECCOB ACHHXPDOHHOIO JABMrarcid. PazpaboTaHa mnporpaMma CHHTE3a MApaMeTpa CHCTEMBI YIIPABICHUA
3amkHyTOH cuctemsl [TY-AJ] B cpene MATLAB. Pacuer mapaMeTpoB CHCTEMBI YIIPABJICHHS, C HCTIOIb30BAHUCM HC-
XOJHBIX JAHHBIX CHCTEMBI, OCYIIECTBIIETCS C MOMOLIBIO Pa3pabOTaHHON MPOTPaMMBI peIeHus TUPPEePSHITUATBHBIX
YPaBHCHMI JTHHAMHUKH 3aMKHYTOTO YaCTOTHO — PETYJIHPYEMOI0 aCHHXPOHHOTO 3ICKTPONPHBOAA. B 3amaHHOM CTPYK-
TYPHOH CXeMe CHCTEMBI IPE0Opa30BATEIb YACTOTHI — ACHHXPOHHBIH ABUTareb ¢ OOPATHOM CBA3BIO MO CKOPOCTH LA
JOCTIDKCHHUS JKETACMBIX CBOMCTB MPOLECCOB YIPABICHHA BBEACHA HEIMHEHHASA KOPPEKLIA B KAUYCCTBE PEryiiTopa
CKOPOCTH aCHHXPOHHOTO ABuraresi. [1o rpadukam mepexoHbIX MPOLECCOB CKOPOCTH U ANEKTPOMArHUTHOTO MOMECH-
Ta acHHXpPOHHOTO apurares B cpene MATLAB ¢ TpeOyeMbIMH KaueCTBCHHBIMH XapAaKTCPHCTHKAMH HEPEXOTHBIX
MPOLECCOB ABUTATEI BBIOHPAIOTCA PACCUUTAHHBIC NMAPAMETPBI MPEe0Opa30BaTe/il YaCTOThI H HEIUHECHHOH KOppPEK-
MU CHCTEMbIL. PacCunTaHHbIC HEH3BECTHbHIC MAPAMETPHI 3AMKHYTOM CHCTEMBI IPeoOpa30BaTelh YACTOTHI — ACHH-
XPOHHBIH JBUTaTeIb W BBIBOA Ipa(huKa MEPEXOAHBIX MPOIECCOB CKOPOCTH M 3IEKTPOMATHHTHOTO MOMCHTA JIBHIA-
TeI Ha 9KpaH quciies 3BM OCyIIecTBIBIETCS OTHOBPEMEHHO A1 OONETYCHUs PEIICHHUS 3aJa41 CHHTE3a B JHANO-
TOBOM PeKuME padoTHI «omeparop — 9BM».

KuioueBbie ciioBa: mpeoOpa30oBarelb YaCTOThI, ACHHXPOHHBIH ABHIATENIh C KOPOTKO3AMKHYTHIM POTOPOM, LICH-
TPOOEIKHBIH HACOC, CHHTE3 APAMETPOB.

K. K. Toiiro:xuHosa, J. b. lapkentaesa
AnMaThl SHEPreTHKA sKoHE OaliaHbIC yHUBEpCUTETI, AnMarsl, Kazakcran

OPTAJAH TENKII COPFBIHBIH KULIIKTI TYPTEHIPTTIII -
ACHHXPOH/bI KO3FTAJITKBIINTAH TYPATBIH TYUBIKTAJIFAH
KYUECIHIH TAPAMETPIEPIH 5EM APKBIJIBI CHHTE3JAEY

AnHoTtanus. Makanaga )HigiKTi TYPACHAIPTINI — aCHHXPOHIBI KO3FAITKBIII KyHeci OOMBIHINA 3JICKTpP JKeTe-
TiHIH TYHBIKTA/FaH KYPBUIBIMIBIK CYI0aChl KEATIPIAreH. ACHHXPOH/BI JIEKTP KETETiHIH KO3FaIbIC JHHAMUKACHIHBIH
MAaTEMAaTHKAJBIK >Ka3bLTy bl 5koHE MATLAB GolibiHIna Oackapy KyHeciHiH mapaMeTpliepiH CHHTe3Aeyre Oaraapiama,
COHBIMCH KaTap aCHXPOHIbI KOFAITKBIIITHIH OTIETl IpolecTepi OepitreH. XKuimiKTi TYPACHAIPII — aCHHXPOHIbI
KO3FANTKBIITAH TYPaThlH TYHBIKTAMFAH KylfeHiH Oackapy >KyHEciHIH mHapamerpiepiH cuHTesaeyre MATLAB
OoifbiHIIa OarmapnaMa eraenrcH. JKyleHiH OacTanmksl AEpPEeKTEPiH KOJAAHBIN, Oackapy »KyHECiHIH HapaMeTprepiH
ecenrey, TYHBIKTAIFaH KHITIKTI PETTEICTiH ACHHXPOHIBI 3JICKTP JKETETiHIH JHHAMHKACHIH AH((epeHIHAIIBIK TCH-
JEYMEH HLICHIy VINIH eHICIreH OardapiIaMaHbIH KOMETIMEH OpbIHAananbl. JKHimiKTI TYpICHIIprill — aCHHXPOHIBI
KO3FAITKBIIITAH TYPAThIH KbUIAAMIBIK OOHBIHIIA Kepi OainaHbIChl Oap KyHeHiH OepiireH KypbUIBIMIBIK CysI0ana-
ChbIHA, OacKapy IPOLECIHIH Kajayabl KACHETIHE JKETy YIIIH ACHHXPOH/BI KO3FAITKbIIITHIH KbULIAMIBIFBIH PETTETIIII
peTiHAe CBI3BIKCHI3 Ty3eTkim eHrizinreH. MATLAB OarmapnaMachiHIa aCHHXPOHAB! KO3FANTKBIIITHIH KbUTIAMIBIK
JKOHE 3JICKTP MArHUTTI MOMEHTTIH OTIETI MPOLECTEPIHIH rpauriMeH, KO3FAITKBIITHIH TaJall CTUIICH, Callaibl 6T-
el MPOLUECTEPAIH CHIIaTTaMaIapbIMEH JKHINIKTI TYPACHAIPTIIITIH JKOHE CBI3BIKMBI3 TY3ETKIII XKYHECIHIH ecenTeti-
HETiH npaMmeTprepi Tapmamaasl. JKMimiKTi TYPACHIIPTill — ACHHXPOHIAbI KO3FAITKBINITAH TYPAThIH TYHBIKTAJFaH
JKYHCHIH eCeNTereH OeJrici3 mapaMeTpiaepiHiH KOHE KO3FANTKBIITHIH JICKTP MATHUT MOMCHTIHIH, >KbLIIAMIbIFbI-
HBIH oTIeN npoleciHin rpaduri OEM nucrneHiHaeri 5KkpaHaa MBIFY bl CHHTE3/AEY MAKCATHIH OPBIHAAYIbI KEHUIICTY
yiiH «oneparop — 9EM» TuantorThl )KYMBIC PEXKUMIHIE OPBIHAATAIbL.

TyiiiH ce3aep: KUiTIKTI TYPACHIIPIiM, KbICKA TYHBIKTAJFaH POTOPIIbI ACHHXPOHIBI KO3FAJITKBIII, MAapaMeTp-
JCPIiH CHHTE3I.
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