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Abstract 

In this article the electric drive based on the doubly-fed 

induction motor drive field-oriented control system without a 

flux-linkage and speed sensor is presented. Functional schemes 

are considered, model of speed observer and two models of 

flux-linkage observers are presented – observer by using the 

rotor voltage value and observer with current model. The 

stability margin of the field-oriented control system with 

observers models is determined by the D-decomposition 

method. The influence of the approximation accuracy of 

doubly-fed induction motor magnetization curve on the flux-

linkage estimation by a current model of observer is 

investigated. The results of theoretical and experimental 

research are confirmed. 

Keywords: Electric drive, Flux-linkage observer, Simulation, 

Speed observer, Stability 

 

I. INTRODUCTION  

The development of microcontroller control systems has 

created new op-portunities in power electronics and electric 

power industry. Currently, most con-trol systems in power 

electronics are implemented using microprocessors. This has 

served as a steady trend for replacing hardware solutions with 

software in various automated control systems. Also, in AC 

adjustable speed electric drive systems, sensors are replaced by 

state observers. The reduction in the number of mechanical 

components of the adjustable electric drive and the 

implementation of speed and flux-linkage observers leads to an 

increase in the reliability of the sys-tem. The issues of research 

and implementation of the AC drives speed and flux-linkage 

observers in a large number of Russian and foreign scientific 

papers and articles are presented [12; 25; 11; 10; 1; 5; 24; 4;  

15; 3]. 

 

I.I Problem Definition and Research Goals   

In most cases in flux vector control systems is necessary to 

estimate two variables: flux-linkage, in order to orient the 

vector system by its vector and speed or electromagnetic torque, 

in order to control it [15]. 

In a number of industrial areas in high-power electric drive 

systems, a dou-bly-fed motor is widely used. In the electric 

drive based on the doubly inverter-fed induction motor with two 

power converters in rotor and stator circuits (Fig.1) which is one 

of the option of double-fed induction machine there is a 

possibility to measure the frequencies of currents and voltages 

in the rotor and the stator cir-cuits. It makes possible to offer a 

simple algorithm of speed estimation and im-plement the speed 

observer which is robust to the change of the motor parame-ters 

[19; 14; 6; 20; 22; 2]. 

But at the energy-efficient control algorithms implementing 

which provide the high energy efficiency to drive, information 

about motor magnetic state is needed [23; 16; 18]. 

 

 

Figure 1. Electric drive based on double inverter-fed 

induction motor struc-tural scheme 

 

The analysis of the electric drive model taking into account the 

generally accepted assumptions [7; 8; 13] is carried out. It is 

most expedient to choose the x, y orthogonal coordinate system 

oriented along the vector of flux-linkage in the air gap   Ψδ [21]. 
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II. THEORY AND SIMULATION 

The functional schemes of flux observers for electric drive 

based on double inverter-fed induction motor [14]. The rotor 

and stator equations system in x, y coordinate system: 
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To synthesize of the flux observer by using the values of rotor 

voltage the pairs of the last equations from systems (1) and (2) 

respectively are used, substi-tuting the value of the rotor flux 

projections into the equations of rotor voltages: 
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Represents it in Cauchy form. Flux through the remaining 

variables of the equations is expressed: 
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Replacing p
dt
d
  and  

r

lr
lr R

L
T  , obtain equations for the 

projections of the air gap flux in the x, y coordinate system:  
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Taking into account that the x, y coordinate system is oriented 

along the air gap flux vector х  
 and 0у , the 

transfer function of the flux observer can be defined as: 
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The functional scheme of an electric drive model is based on 

double inverter-fed induction motor with a flux observer by 

using the rotor voltage. 

The implementation of the electric drive based on the double 

inverter-fed induction motor with two power converters in rotor 

and stator circuits with a magnetic flux observer by using the 

rotor voltage simulation model in Matlab-Simulink software is 

shown in Fig. 2. In the simulation model the parameters of an 

induction motor with wound rotor of the industrial series 

4АК250SB4U3 with a rated power 55 kW are used. 

After the synthesis of sensorless vector control system it is 

expedient to check the convergence of the results obtained with 

the using of two simulation models working in parallel - 

sensorless (Fig.2) and a model with block which simulate a flux 

sensor [6]. As the base machine in both models the motor with 

wound rotor 4АК250SB4U3 is chosen. The results of transient 

simulation (from top to bottom) of magnetic flux, 

electromagnetic torque, stator current and speed during 

acceleration of the motor and change of the torque to nominal 

values are shown in Fig. 3.  

Up to a time period of 0.2 seconds the motor is magnetized 

along the rotor circuit at zero speed. This period is sufficient for 

the magnetic flux of the motor to reach the rated value. Then a 

signal to the power converter control system in stator circuit for 

producing the electromagnetic torque and speed is fed. The load 

on the shaft is 60% of the rated value. At the initial moment a 

small dip in the speed curve is observed, which is caused by the 

saturation of the inertial links of the model (wind-up effect). 

After 0.7 seconds of simulation, the load is increased to rated 

value. 

The obtained results indicate complete convergence of the 

transient processes in the simulated of drive systems - in 

simulation model with block which imitate measurement of 

flux by Hall sensors and in model with synthesized observer 

using the rated value of the rotor resistance rR  in the model of 

observer. 
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Figure 2. Electric drive based on the double inverter-fed induction motor with two power converters in rotor and stator circuits 

with flux observer by using the ro-tor voltage simulation model in Matlab-Simulink software 

 

The structure of the observer model isn’t included mutual 

inductance, i.e. the nonlinearity of the magnetization curve at 

the implementation of energy-efficient control with a variable 

flux will not lead to an error in the estimation of the flux value. 

However, the value of the rotor resistance which is included in 

ob-server model in different operation modes can vary 

significantly compared to the rated value [11; 7; 20; 22; 9; 17]. 

To evaluate the robustness of the synthesized observer it is 

necessary to find the stability area of the system with respect to 

the parameter rR  by the D-decomposition method. 

 

The characteristic equation of transfer function of flux control 

loop looks: 
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After the transformations and the introduction of a new variable

аkkk рппоп  , the characteristic equation takes the form: 
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Figure 3. Simulation results of the (from top to bottom) flux, electromagnetic torque, stator current and speed transient 
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Expressing the rotor resistance from the characteristic equation obtained the following relation: 
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The coefficient a and the time constants of the control loops are known numerical values. Therefore, the and substituting numerical 

values of the time constants and coefficients of the electric drive model based on the 4АК250SB4U3 motor it can be written in the 

following form: 
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To create the locus of the system LabVIEW software is applied (Fig.4, Fig.5). 

 

Figure 4. Program in Labview software for locus creation 

 

 

Figure 5. Locus in Labview software 

 

The locus has a classical shape for the inertial link and crosses 

the X-axis at the point with coordinates (0.00519; 0). In that the 

values of the parameter rR are real and always positive the most 

interesting is the positive real semi-axis of the locus.  

At the solving of the characteristic equation with a parameter

rR  all its roots are smaller than locus margin so that area inside 

the locus is indeed an area of stability. Substitution of the values 

of the rotor resistance into the characteristic equation is larger 

than the margin value leads to the appearance roots which are 

larger than locus margin. The results of transient simulation in 

Matlab-simulink (from top to bottom) of magnetic flux, 

electromagnetic torque, stator current and speed during 

acceleration of the motor with rr RR  15.1  which is rR  on 

15% larger than the margin value are shown in Fig. 6.  

It is obvious that if the parameter exceeds the margin values, 

the observed value of the magnetic flux at the saturation section 

of the magnetization curve deviates significantly from the value 
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obtained in the simulation of the system using magnetic flux 

sensors and the system becomes unstable [26]. 

Thus, the observer is sensitive to a change in resistance and if it 

deviates by 5-10% of the rated value system becomes unstable. 

 

 

 

Figure 6. Simulation results of the (from top to bottom) flux, electromagnetic torque,  

stator current and speed transient with rr RR  15.1  

 

In order to solve this problem the methods used in other types 

of AC drives are valid in the DIFIM drive: 

 To reduce the error in estimation the value of the 

rotor resistance in the observer model should be 

set equal to the rotor resistance in the heated state 

[11]; 

 Parametric adaptation to the changing parameters 

of the base machine [15; 3]. 

However, these approaches have drawbacks - it is difficult to 

accurately determine the parameters of the machine, and the 

implementation of adaptive algorithms requires a significant 

consumption of processor resources. 

In addition, the rotor voltage has a DC component the 

integration of which leads to an accumulation of error at the 

integrator output and as a consequence incorrect estimation of 

the flux. To correct the operation mode of the integrator and 

eliminate the influence of the DC component it is necessary to 

introduce a weak negative feedback into the integrator. 

Taking into account the indicated drawbacks of the flux-linkage 

observer with voltage model, let’s consider current model of the 

magnetic flux observer. The scalar form of writing equations 

(1) in a coordinate system oriented along the air gap magnetic 

flux vector ( 0y ) will take the form: 
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From the third equation of the system determine the transfer 

function of the flux observer. 

In an electric drive based on double inverter-fed induction 

motor the base motor is magnetized along the rotor circuit  

( 0sxi ), and the EMF  sy
r

m
lr i

L
LL2  is compensated in the 

control system compensation block, therefore, the final transfer 

function will look like: 
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  (12) 

In this model of the flux observer there is a parameter of mutual 

inductance, which varies depending on the operating mode of 

the motor. 

The results of the simulation show an error of at least 15% in 

the estimation of the magnetic flux in the low-load region with 
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a change of 50% of the nominal value, which affects to the 

dynamics (Fig. 7) and losses in the magnetizing circuit [23]. But 

in general, the system remains stable when a magnetic flux is 

reached. 

 

 

 

Figure 7. Simulation results of magnetic flux and currents comparison with Lm=1.5 Lm 

 

In Fig. 8 represents the simulation model of two drive systems - with mod-els of observers and with the Machines Measurement 

Demux block as the flux sensor. In the latter, the motor parameters are equal to their nominal values, and in the sensorless it is 

changed within the limits considered above. The results of simulation of magnetic fluxes are shown in Figure 9. 

 

 

Figure 9 a) Simulation results of flux with rr RR  15.1   , b) Simulation results of flux with Lm=1.5 Lm 
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Figure 8. Simulation model of two drive systems 

 

In this option of electric drive, a speed observer model is 

implemented easier than with an induction or permanent 

magnet synchronous motor electric drive.  

 

III. EXPERIMENTAL RESULTS 

For experimental verification the experimental setup was 

developed. DFIM electric drive functional scheme is shown at 

Fig.10. Current and voltage sensors in the rotor circuit and 

current sensors in the stator circuit determine the instantaneous 

values of rotor currents and voltages, as well as stator current, 

which are further used as signals for constructing coordinate 

observers. The blocks of coordinate transformations are 

implemented according to the equations of the mathematical 

model [19; 2] are integrated into the block of the machine flux-

linkage observers. This block contains models of two flux-

linkage observers, which are switched due to the logical switch 

by the feedback signal of the magnetization current irx. 

 

 

Figure 10. DFIM electric drive functional scheme 

 

The experimental setup consists of DFIM, two power converters in stator and rotor circuits, DC motor in load operation mode, 

encoder on the shaft, measure-ment equipment and PC with Matlab and LabView software. 
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The results of the estimated and experimental flux-linkage value by two models of observers are shown in Fig. 11. For current model 

of flux-linkage observer at the linear section of the magnetization curve the error between the estimated data and the obtained ones 

was experimentally ΔΨπuʜ  = 13.6%, and for the saturation section - ΔΨπuʜ  = 4.81%.  

For voltage model of flux-linkage observer at the linear section of the magnetization curve the error between the estimated data and 

the obtained ones was experimentally ΔΨπuʜ  = 9.4%, and for the saturation section - ΔΨπuʜ  = 14.89%. 

 

 

Figure 11. a) Dependences of Ψδ=f (Im) for flux-linkage observer using current value for estimation, b) Dependences of Ψδ=f 

(Im) for flux-linkage observer using voltage value for estimation 

 

Speed estimation strategy does not contain in the algorithm of the rotor speed estimation trigonometric functions, parameters of the 

base machine, does not depend on the operating mode of the ED, allow estimating the speed of the rotor with an error of no more 

than 5% at a rotor speed of 10-30% of the nomi-nal values (Fig.12). 

 

 

Figure 12. Dependences of ω=f (t) at Tem = Temrated and changing ω 
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In this electric drive system identification of flux-linkage at 

zero angular ve-locity of the rotor is possible. This is laid down 

in the principle of the operation of a DFIM, controlled by two 

circuits, when the magnetization of the machine is carried out 

before the stator PC is turned on. In this case, and flux-linkage 

is pro-duced only by the excitation current in rotor circuits. 

 

IV. CONCLUSION 

The proposed algorithms for estimation of air gap magnetic 

flux-linkage make it possible to exclude a flux sensor from the 

control system of the electric drive and use a serial motor with 

a wound rotor as the base machine. The ob-server for the 

voltage of the rotor is sensitive to the change in resistance and 

if it deviates by 5-10% of the nominal value causes the FOC 

system is become unsta-ble. 

Great influence on the evaluation of flux is due to the presence 

of a DC component in the rotor voltage. To compensate for the 

integration error, it is nec-essary to introduce feedback into the 

integrator structure. 

The application of the current model leads to errors of at least 

15% in the estimation of the magnetic flux in the low-load 

region, which affects the dynamics and losses in the 

magnetizing circuit. But in general, the system remains stable 

when a specified magnetic flux is reached. Both proposed 

models of observers allow estimating the value of the flux when 

the rotor is stationary. 
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