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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, =0,2205 Om, Ly=L,=0,06518 I'nu, L_=0,06419 I'n, J=0,102kem’, p=2.
U, =400B, f =501y,

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

Coefficients and r T S TR k L'S
constants of AM time oM c c R I'u
Values 0,43 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 Upg 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 T, = 0,001 is 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

; aperiodic unit with a transfer function W (p) = K, /(T p +1) ; unit with non-linear

characteristics |u
sign(x) characteristics. Unknown parameters (subject to synthesis) are the numerical values of the nonli-
near filter parameters, i.e. 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:
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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:

dx,

dx

d—; =0.217 * x(3) = 314 * x(1) — 2 * x(1) * x(5) — 3.33 * x(2);
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d

% = 506.5% x(6) +1686.7* x(2) + 997,6 * x(1) * x(5) + 31 1.5 * x(4) — 217.4* x(3);

% =1686.7 * x(1) —=311.5*x(3) —997,6 * x(2) * x(5) — 217 * x(4);

axs _ * * - * x(1)* x(3);

~=28.9%x(2) *x(4) - 289 *x() *2(3);

d

%: (1000* K, *K ) *u—1000*(2* K, * K, + K, K * gl)* x(1) -
—(1000* K , * K * g1 * K, ) * x(6);

% =2.95*((x(2) * dx(4) + x(4) * dx(2)) — (x(1) * dx(3) + x(3) * dx(1))),

where x, =¥,,, X, =Y¥,y, X3 =iy, x,=iy, X;=0,. Yy, Yy, — rotor flux linkage, i,

m
Iy — 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 initial data: coefficient of Kp frequency conversion, coefficient of Kpc speed, coefficient of the
total voltage from the speed sensor and FC sensor K, coefficient of the voltage sensor of FC Ky,
coefficient of the gain from the non-linear unit K5, and coefficient of feedback on the speed K- 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 u Kpc ) 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; q1=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)-h1; j=1;
while j<=n
if j~=1 u(j)=x(j);v(j)=x(j);end
=L
end
k=1; p1=0; p2=0;
while k<=n 1=k;
while I<=n a(k,l)=rand;
pl=pl-+a(k,ly*u(k)*u(l); p2=p2-+a(k,ly*v(k)*v(D);
I=1+1;end
k=k+1;end
a()=((p1-p2)/2)/h1; i=i+1;
end
gl=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(5)+...
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*Koct+Kp*Ks*g1)*x(1)-Ks*g1*Ku*Kp*x(6);
s=0;
for i=1:n
s=s+abs(x(i)"2+a(i)*d(i));
end
q=s;
if g<=ql 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+1;
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=s9+Ku; s10=sqrt((s9/m)"2);
if >=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 =10;0;0;0;0;0;0];
[T, X] = oded5(@systl1,[0 1],x0);
plot(T,X(:,5)*2,'k.-, T,X(:,7)*5,'b.-"
grid
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function dx=syst1(t,x)
g1=1.107; al1=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=10.3099, Ks=10.5263, 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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K. K. Toiiro:kunona, J. b. /lapkentaeBa
AJMaTUHCKUN YHUBEPCUTET SHEPTETUKU U CBsi3u, AnMatel, Kazaxcran

CHUHTE3 HAPAMETPOB}AMKHYTOI‘/‘I CHUCTEMBbI IPEOBPA3OBATEJIb YACTOTBI -
ACHUHXPOHHBIN IBUTATEJIb HEHTPOBEKHOI'O HACOCA HA 9BM

AnHoTanus. [IpuBeneHa CTPyKTypHas cXeMa 3aMKHYTOTO 3JIEKTPOIPHBOA CHUCTEMBI ITPeo0pa3oBaTeNb dac-
TOTBI — aCHHXPOHHBIN IBUraTenb. /aeTcsa MareMarnyeckoe OMUCaHNUE AMHAMUKH JBHXEHUS aCUHXPOHHOTO IEKTPH-
NpOBOJIA U ITPOrpaMMa CHHTe3a IapaMeTpoB cUcTeMbl yrpasienus B cpene MATLAB, a takxke rpaduk nepexoqHbix
NPOLIECCOB aCHHXPOHHOIo JjBurareins. PaspaboraHa mporpamMma CHHTE3a Iapamerpa CHCTEMbl YIPaBIICHHUS
3aMkHyTOH cucremsl [TY-AJ] B cpene MATLAB. Pacuer mapamMeTpoB CUCTEMBI YIIPABICHHUS, C UCIIONB30BAHUEM HC-
XOJHBIX JTAaHHBIX CUCTEMBI, OCYIIECTBIISIETCS C TOMOIIBIO pa3paboTaHHO MporpaMMbl petteHust AuddepeHnnanbHbIX
YpaBHEHHMH TUHAMUKU 3aMKHYTOTO YaCTOTHO — PETYINPYEMOI0 aCHHXPOHHOIO 3IEKTPOoNpHuBoAa. B 3aganHOi cTpyk-
TYPHOH CXeMe CHCTEMBI IPeoOpa30BaTellb YaCTOTHl — ACHHXPOHHBIN ABUTATEIh C OOPaTHOM CBSA3BIO IO CKOPOCTH IS
JIOCTHKEHUS JKEIAaeMBIX CBOMCTB IPOLECCOB yNpPaBICHHUs BBEICHA HENMHEIHAs KOPPEKLHUSA B KAUECTBE PETYNATOpa
CKOpOCTH acHHXpOHHOro asurareis. I1o rpadukaM nepexogHbIX MPOIECCOB CKOPOCTH U IMEKTPOMarHUTHOTO MOMEH-
Ta acuHXpoHHOrO aBurarens B cpexe MATLAB c TpeOGyeMbIMH Ka4eCTBEHHBIMH XapaKTEPUCTUKAMH IEPEXOIHBIX
MIPOLIECCOB ABUIaTENsl BHIOMPAIOTCSA PACCUMTAHHBIE MapaMeTphbl MPeoOpa3oBaTesss YacTOThl M HENMHEHHON KOppeK-
MM CHCTEMBI. PaccunTaHHbIE HEW3BECTHBIC MapaMeTpbl 3aMKHYTOM CHUCTEMBI IpeoOpa3oBareNb YacTOThl — ACHH-
XPOHHBIA JIBUraresib U BBIBOA rpadrka MepexoIHbIX MPOLECCOB CKOPOCTH M JJIEKTPOMarHUTHOIO MOMEHTa BHIa-
Tens Ha 3kpaH auciies 9BM ocymiecTBisercss OHOBPEMEHHO AJIsl 00JIeryeHus pelIeHus 3aJa4l CHHTEe3a B JUajIo-
TOBOM pexHnMe paboThl «oneparop — IBMy.

KitroueBble c10Ba: npeoOpa3oBaTesb YaCTOThI, ACHHXPOHHBIH JIBUTATENb ¢ KOPOTKO3aMKHYTHIM POTOPOM, II€H-
TPOOEXKHBIN HACOC, CHHTE3 ITapaMeTPOB.

K. K. Toiiro:kunoBa, J. b. /lapkenoaeBa
AJMaThl SHEepreTrKa jxoHe Oaiinaneic yHHUBepcuTeTi, Anmarsl, Kazakcran

OPTAJAH TEIIKIII COPFBIHbIH KALIIKTI TYPIEHAIPTTII —
ACHHXPOH/IBI KO3FAJITKBIIITAH T¥PATBIH TYUBIKTAJIFAH
KYUECIHIH TAPAMETPJIEPIH 9EM APKbILJIBI CHHTE3JIEY

AnHoTanusa. Makanaga ®HUUTIKTI TYPACHIIPTIII — aCHHXPOHBI KO3FAITKEIII KyiHeci OOWBIHINA IEKTP JKeTe-
TiHIH TYWBIKTAIFaH KYPBUIBIMIBIK CYII0ACHl KeATipiireH. ACHHXPOHIBI 3JEKTP JKETETiHIH KO3FaIIbIC JHHAMHUKACHIHBIH
MaTeMaTHUKaJIBIK XKa3blTysl s)koHe MATLAB Oolibramna Oackapy KyHeciHiH mapaMeTpiepid cuHTe3aeyre Oarmapiama,
COHBIMEH KaTap aCHXPOHIbI KO3FAITKBIIITHIH OTIEII mpouectepi OepinreH. JKuTKTI TYpIASHIIPTIIT — aCHHXPOHIBI
KO3FAITKBILITAH TYpaThlH TYHWBIKTAJIFaH >XyieHiH Oackapy >xydeciHiH mnapamerpiepin cuHresneyre MATLAB
OoiipiHmTa Garmapiama eHaenreH. JKyieHiH OacTankpl JepeKTepiH KOJIaHBIN, OacKapy >KYHeCiHiH mapaMeTpiepiH
ecernTey, TYHbIKTaIFaH KHUUTIKTI PETTEIETIH ACHHXPOH/IBI JICKTP JKETETIHIH AMHAMHUKACHIH AuddepeHInanapk TeH-
JIeyMEeH WIelly YUIIH eHJeNreH OaraapiaMaHblH KOMeriMeH opbIHIanaabl. JKUUTIKTI TypJiIeHAiprill — aCHHXPOHIBI
KO3FaJITKBILITAH TYPaThIH JKbUIIAM/IBIK OOMBIHIIA Kepi OaitlaHbIchl Oap JKYHeHiH OepiireH KYpbUIBIMABIK cysioaja-
CBIHA, OAacKapy MPOIECIHIH KallayJabl KACUETIHE JKETY YIIiH aCHHXPOH/IBI KO3FAITKBIIITHIH KBUIAMIIBIFBIH PETTETIIT
pETiHaE CBI3BIKCHI3 Ty3eTkim eHrizinreH. MATLAB OarmapmamachiHIa aCHHXPOHIB! KO3FAITKBIIITHIH KBUIIAMIBIK
JKOHE DJICKTP MATHHUTTI MOMEHTTIH OTIICIi MPOLECTEPiHiH rpadUriMeH, KO3FaNTKBIIITEIH Tallall €TUTeH, calallbl oT-
TIeJTi TIPOLIECTEPAiH CHITATTaAMANIAPBIMEH JKULTIKTI TYPICHIIPTIIITIH KOHE CBHI3BIKMBI3 TY3ETKIII KYHECiHiH ecerTeli-
HETIH mpameTtpiepi TaHganagpl. JKHITIKTI TYpPISHIIPTII — aCHHXPOHABI KO3FANTKBINITAH TYPAThIH TYHBIKTAIFaH
JKYHEHIH ecenTenTeH Oenrici3 mapaMeTpiepiHiH jKOHEe KO3FAITKBIIITHIH AJIEKTP MarHUT MOMEHTIHIH, KbUIIaMIbIFbI-
HBIH OTIIeNi npoueciHid rpaduri 9EM aucnneifinaeri SKpaH/ia MbIFybl CHHTE3/Iey MaKCaThIH OPBIHIAY/IbI KEHIICTY
yiriH «omeparop — 9EM» AWamorThl )KYMBIC PEKUMIHIEC OPBIHAATAIBI.

TyiiiH ce3lep: >XKUUTIKTI TYPASHAIPTill, KbICKa TYWBIKTAJIFaH POTOPIBI aCHHXPOHABI KO3FAITKBIII, TTapaMeTp-
JICPIiH CUHTE3I.
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