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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: 

 

.2,102,0,06419,0L,06518,0L,2205,0 2
mS  ркгмJГнГнLОмR RR  

  ,400ВU ДВ  .50Гцf   
 

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

Coefficients and 
constants of AM time 

r 
ом 

'
ST  

c 
RT  

c 
Rk  

'
SL  

Гн 

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. 
 

 
 

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 (П – regulator) of an asynchronous 
motor, feedback on the motor speed, the total feedback from speed sensor and the voltage output UPR 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 )1/( pTK PRPR , where 001,0PRT 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 

characteristics u ; aperiodic unit with a transfer function )1/((p)  pTKW PCPC ; unit with non-linear 

)(xsign  characteristics. Unknown parameters (subject to synthesis) are the numerical values of the nonli-

near filter parameters, i.e. the numerical value of the PCK  coefficient, PCT  time constant. The coefficient 

of the PRK  frequency converter and the coefficient of OCK  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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                                   (1) 

where .,),(,)(
2

'2

R

R
R

R

m
R

R

m
SSRRS R

L
T

L

L
k

L

L
LLRkRr   

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: 

);2(*33.3)5(*)1(*2)1(*314)3(*217.0

);1(*33.3)5(*)2(*2)2(*314)4(*217.0

2

1

xxxxx
dt

dx

xxxxx
dt

dx




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))),1(*)3()3(*)1(())2(*)4()4(*)2(((*95.2

);6(*)*1***1000(

)1(*)1***2(*1000*)**1000(

);3(*)1(*9.28)4(*)2(*9.28

);4(*217)5(*)2(*6,997)3(*5.311)1(*7.1686

);3(*4.217)4(*5.311)5(*)1(*6,997)2(*7.1686)6(*5.506

7

6

5

4

3

dxxdxxdxxdxx
dt

dx

xKgKK

xgKKKKuKK
dt

dx

xxxx
dt

dx

xxxxx
dt

dx

xxxxxx
dt

dx

USP

SPOCPPCP













 

where ,,,   x, 4321 SYSXRYRX ixixx   .5 mx   ,RX  RY  rotor flux linkage, ,SXi  

SYi  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 KS, coefficient of the voltage sensor of FC KU, 
coefficient of the gain from the non-linear unit KS, and coefficient of feedback on the speed KOC 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 1ix  is checked. 

3. Partial derivatives )( ixfS   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 ix  are calculated. 

7. The condition of the inequality 1ix  is checked again. 

In case of failure of inequality, the output of numerical values of the synthesized parameters (KP, KU, 
KS, KOC и 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 g1 = 1,107. This coefficient of harmonic linearization is used 
with the same name g1 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=1e6; 

     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)+h1; v(i)=x(i)-h1; j=1; 

       while j<=n 
       if j~=i u(j)=x(j);v(j)=x(j);end 
       j=j+1; 

  end 
   k=1; p1=0; p2=0; 
   while k<=n l=k; 
   while l<=n a(k,l)=rand; 
   p1=p1+a(k,l)*u(k)*u(l); p2=p2+a(k,l)*v(k)*v(l); 
   l=l+1;end  
   k=k+1;end 
   a(i)=((p1-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(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*Koc+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 q<=q1 q1=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; s4=sqrt((s3/m)^2); 
s5=s5+Koc; s6=sqrt((s5/m)^2);s7=s7+Ks; s8=sqrt((s7/m)^2); 
s9=s9+Ku; s10=sqrt((s9/m)^2); 
 if r>=m break;end 
 end 
clc 
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;0;0;0;0;0;0]; 
      [T, X] = ode45(@syst1,[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; a1=1000*Kp*Kpc; a2=1000*(2*Kp*Koc+Kp*Ks*g1);    
      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)=a1*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. 

 

 
 

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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СИНТЕЗ ПАРАМЕТРОВ ЗАМКНУТОЙ СИСТЕМЫ ПРЕОБРАЗОВАТЕЛЬ ЧАСТОТЫ –  
АСИНХРОННЫЙ ДВИГАТЕЛЬ ЦЕНТРОБЕЖНОГО НАСОСА НА ЭВМ 

 

Аннотация. Приведена структурная схема замкнутого электропривода системы преобразователь час-
тоты – асинхронный двигатель. Дается математическое описание динамики движения асинхронного электри-
провода и программа синтеза параметров системы управления в среде MATLAB, а также график переходных 
процессов асинхронного двигателя. Разработана программа синтеза параметра системы управления 
замкнутой системы ПЧ-АД в среде MATLAB. Расчет параметров системы управления, с использованием ис-
ходных данных системы, осуществляется с помощью разработанной программы решения дифференциальных 
уравнений динамики замкнутого частотно – регулируемого асинхронного электропривода. В заданной струк-
турной схеме системы преобразователь частоты – асинхронный двигатель с обратной связью по скорости для 
достижения желаемых свойств процессов управления введена нелинейная коррекция в качестве регулятора 
скорости асинхронного двигателя. По графикам переходных процессов скорости и электромагнитного момен-
та асинхронного двигателя в среде MATLAB с требуемыми качественными характеристиками переходных 
процессов двигателя выбираются рассчитанные параметры преобразователя частоты и нелинейной коррек-
ции системы. Рассчитанные неизвестные параметры замкнутой системы преобразователь частоты – асин-
хронный двигатель и вывод графика переходных процессов скорости и электромагнитного момента двига-
теля на экран дисплея ЭВМ осуществляется одновременно для облегчения решения задачи синтеза в диало-
говом режиме работы «оператор – ЭВМ». 

Ключевые слова: преобразователь частоты, асинхронный двигатель с короткозамкнутым ротором, цен-
тробежный насос, синтез параметров. 
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ОРТАДАН ТЕПКІШ СОРҒЫНЫҢ ЖИІЛІКТІ ТҮРЛЕНДІРГІШ –  
АСИНХРОНДЫ ҚОЗҒАЛТҚЫШТАН ТҰРАТЫН ТҰЙЫҚТАЛҒАН  
ЖҮЙЕСІНІҢ ПАРАМЕТРЛЕРІН ЭЕМ АРҚЫЛЫ СИНТЕЗДЕУ 

 

Аннотация. Мақалада жиілікті түрлендіргіш – асинхронды қозғалтқыш жүйесі бойынша электр жете-
гінің тұйықталған құрылымдық сұлбасы келтірілген. Асинхронды электр жетегінің қозғалыс динамикасының 
математикалық жазылуы жəне MATLAB бойынша басқару жүйесінің параметрлерін синтездеуге бағдарлама, 
сонымен қатар аснхронды қозғалтқыштың өтпелі процестері берілген. Жиілікті түрлендіргіш – асинхронды 
қозғалтқыштан тұратын тұйықталған жүйенің басқару жүйесінің параметрлерін синтездеуге MATLAB 
бойынша бағдарлама өңделген. Жүйенің бастапқы деректерін қолданып, басқару жүйесінің параметрлерін 
есептеу, тұйықталған жиілікті реттелетін асинхронды электр жетегінің динамикасын дифференциалдық тең-
деумен шешу үшін өңделген бағдарламаның көмегімен орындалады. Жиілікті түрлендіргіш – асинхронды 
қозғалтқыштан тұратын жылдамдық бойынша кері байланысы бар жүйенің берілген құрылымдық сұлбада-
сына, басқару процесінің қалаулы қасиетіне жету үшін асинхронды қозғалтқыштың жылдамдығын реттегіші 
ретінде сызықсыз түзеткіш еңгізілген. MATLAB бағдарламасында асинхронды қозғалтқыштың жылдамдық 
жəне электр магнитті моменттің өтпелі процестерінің графигімен, қозғалтқыштың талап етілген, сапалы өт-
пелі процестердің сипаттамаларымен жиілікті түрлендіргіштің жəне сызықмыз түзеткіш жүйесінің есептелі-
нетін праметрлері таңдалады. Жиілікті түрлендіргіш – асинхронды қозғалтқыштан тұратын тұйықталған 
жүйенің есептелген белгісіз параметрлерінің жəне қозғалтқыштың электр магнит моментінің, жылдамдығы-
ның өтпелі процесінің графигі ЭЕМ дисплейіндегі экранда шығуы синтездеу мақсатын орындауды жеңілдету 
үшін «оператор – ЭЕМ» диалогты жұмыс режимінде орындалады.    

Түйін сөздер: жиілікті түрлендіргіш, қысқа тұйықталған роторлы асинхронды қозғалтқыш, параметр-
лердің синтезі.  
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