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Abstract. The article considers a vector control system for asynchronous electric drive of belt conveyors, which uses an adaptive observer to control the speed of the electric drive. This allows you to increase the reliability and inter-interval maintenance of the electric drive. The requirements for the observer are determined, its mathematical description is made, and the law of adaptation is determined. In the Matlab Simulink package, a computer simulation of the proposed sensor-free control system is performed. A study of the robustness of the actuator in terms of the drift of the parameters of the motor when powered from the inverter, expressed by the integral criterion for parametric robustness. Based on the results obtained, a comparison is made and conclusions are drawn about the advantages and disadvantages of using an adaptive observer in comparison with other types of observers.
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1. Introduction
Currently, one of the main requirements for mechanisms is system reliability and an increase in the period of trouble-free operation. Often, without losing the quality of the mechanism, it becomes almost impossible to achieve an increase, but there is a possibility when the modernization of the mechanism can lead to an increase in the reliability of the system and an increase in interval maintenance. One such method is to abandon the scalar control system with a speed sensor on the shaft in favor of a vector control system, without installing a speed or position sensor. It is proposed to consider the application of such a control system on the PB-1 belt conveyor installed at the PJSC Mikhailovsky GOK. The use of such a system will make it possible to abandon the speed sensor and reduce the electromechanical vibrations that occur during the conveyor operation. This paper will consider a belt-type conveyor, which is used at the enterprise of PJSC "Mikhailovsky GOK" in the workshop for the production of high-quality concentrate and shipment of finished products in the building of the concentrate warehouse. Conveyor PB-1 is designed to transport iron ore concentrate to a warehouse. During the operation of the belt conveyor, due to the elasticity of the belt, vibrations of the transported material occur, which negatively affects the condition of the bearings on the entire conveyor system and the service life of this unit as a whole. To combat this phenomenon, it is proposed to use a vector control system, which includes correction factors. The vector control system itself can be used both with feedback from a speed sensor mounted on the shaft and without installing a sensor by establishing feedback from an observer. The speed sensor also has its resource and requires maintenance, and in case of its failure, the operation of the entire conveyor stops indefinitely until the malfunction is eliminated. To eliminate this drawback and increase reliability, it is proposed to use a vector sensorless drive control system.

In the course of this work, the types of observers will be considered, criteria for their choice are compiled and comparative modeling is performed in the MATLAB Simulink software shell, and the robustness of each of the selected observers is investigated.
2. Observers’ requirements
To compile a list of observers’ understudies, the minimum requirements were formed that must be met by control systems with an observer: 

•
maximum accuracy of state variable recovery; 

•
minimum sensitivity to the deviation of model parameters; 

•
no cumbersome mathematical calculations; 

•
accessibility in understanding the approach, the possibility of its physical interpretation. 

According to these criteria, it can be concluded that the observer should be with an adaptive controller to adapt to thermal changes in parameters and not consume large computing power. Analyzing available sources by criteria, adaptive observers were selected for the research: 

•
rotor flux linkage observer; 

•
EMF observer; 

•
stator current observer; 

•
full order observer. 

The selected observers are adaptive, that is, they have an adaptation unit for changing parameters, therefore, during the operation of the drive when it heats up, there will be no “collapse” of the observer's work, and the value of the static error between the value received from the observer with the value received from the sensor will not abruptly increase during drive operation. Also, for the work of the selected observers, there is no need for large computing power, which increases the speed of calculations and the response of the observer.
3. Materials and methods
The frequency converter can be taken as an aperiodic link with a constant time having a dependence on the PWM frequency. In most cases, the used frequency converters have a modulation frequency  fPWM=2 kHz. This frequency will be taken for the further calculation of the control system. Then
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Calculating the gain of a transistor inverter:
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 – UF frequency converter safety factor, 
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– rated phase voltage of the motor,
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Thus,
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Calculating the stator current vector
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No-load current vector calculation:
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Rotor flux is presented as
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where 
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  – vector of the main flux linkage of the motor. The maximum value of the rotor flux linkage modulus.
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UΨ flux link sensor transmission ratio
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UA current sensor transfer ratio
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The transfer function of the open-loop regulation of the magnetizing component   of the stator current has the form
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where 

[image: image15.wmf](

)

AAd

Wp

 – current regulator transfer function.

The AAd regulator parameters are calculated and adjusted according to the modular optimum conditions. PI controller is selected with a transfer function as a current regulator
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As a result, getting the following values
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Since the parameters of the internal circuits of an induction motor do not depend on the projections of the fixed axes, the structure and parameters of the AAq current regulator are identical to AAd parameters.
When optimizing the control loop of the rotor flux linkage module, only one large time constant 
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. This allows obtaining the transfer function of the open-loop control
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where 
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 – transfer function of the rotor flux linkage modulus regulator.

The coefficient which is characterizing the ratio of the reduced to the rotor and the actual stator resistance is calculated as
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A Ψ regulator parameters are calculated and set according to the modular optimum. PI controller with a transfer function as the regulator of the flux linkage module is selected


[image: image25.wmf](

)

Ψ

ΨΨ

ΨΨ

τ

  

     

 

Ad

ii

p+1

1

Wp==k+.

TpTp


As a result of optimization, the following values are obtained
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The open-loop transfer function of motor speed control is shown as
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where 
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 – the idle speed of the motor at the maximum frequency of the UF inverter.

Optimization of the speed loop can be carried out by including a P-controller (modular optimum) or a PI-controller (symmetric optimum) in the loop. In this case, the transfer function of the P-controller is determined by the expression
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The transfer functions of the VF vector filter with the obtained values will have the following form
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4. Model reference adaptive control (MRAC) observer
In the model reference adaptive control (MRAC) observer, the motor speed is observed using a reference model and an adjustable model. The operating principle of the observer is shown in Figure 1. The reference model, which is independent of motor speed, calculates the state variable using the measured voltages and currents. An adaptive model that depends on the motor speed calculates the state variable 
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	Figure 1. The principle of organizing the observer based on the adaptive model (MRAC).




Nowadays, there are many methods for observing motor speed. One such method is model reference adaptive control (MRAC) based observer. This method is quite an interesting approach, simple and easy to implement.

Velocity observation methods using the Model Adaptive Observer (MRAC) can be classified according to the different types of state variables used. Among these methods, the most commonly used is the observer, whose variable is the rotor flux linkage. The structural diagram of the observer and its mathematical model (MRAC) are shown in figures 2 and 3.
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	Figure 2. Structural diagram of the observer based on the adaptive model (MRAC).
	Figure 3. Observer mathematical model based on adaptive model (MRAC).


The mathematical model and simulation results are shown in figures 4, 5, 6, 7.
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	Figure 4. Mathematical model of vector control systems with an observer-based adaptive model (MRAC).
	Figure 5. Current characteristic for vector control systems with an observer-based on the adaptive model (MRAC).
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	Figure 6. Current characteristic for vector control systems with an observer-based on the adaptive model (MRAC).
	Figure 7. Torque characteristic for vector control systems with an observer-based on an adaptive model (MRAC).


In a real vector control system, it is never possible to accurately set the parameters of the motor, in addition, some of them change during operation, for example, the thermal change in the active resistance of the stator and rotor. Therefore, the main task of modeling was to assess the robustness of the system when changing the motor parameters.

In a real system, during motor operation, a change in active resistance occurs, which negatively affects the quality of the observer's work, and the resulting error leads to the observer falling apart. The change in the rotor resistance does not have a significant effect on the operation of the system, therefore, in the future, the change in the stator will only be considered. The observer's work in normal mode and a reduction in stator resistance by 20% are shown in figures 8, 9.
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	Figure 8. Velocity characteristic for vector control systems with an observer-based adaptive model (MRAC) at reduced stator resistance.
	Figure 9. Velocity characteristic for vector control systems with an observer-based adaptive model (MRAC) at reduced resistance.


Also, the disadvantage of this system is the impossibility of operating the system in conditions where the load on the motor is applied at the time of operation by a sharp throw, the way out of this problem may be to start the motor already under load.

As shown by modeling, this method turned out to be quite robust (insensitive) to changes in almost all parameters of the IM, except for the active resistance of the stator. The high sensitivity of the system to Rs is due to the fact that this parameter is included in the integration operation (the integration operation tends to accumulate error) in the equation of the reference model of the given observer. The advantage of this method for use in vector control systems is its simplicity. However, for the operability of such a system, a mechanism (online) for identifying the active resistance of the stator is required.
The methods based on the adaptive tuning of the MRAC motor model are quite simple to understand and easy to implement. At the same time, often when solving differential equations included in the mathematical description of the observer based on the adaptive model (MRAC), the integration operation is used, which creates certain difficulties in calculations and accumulates an error in the operation of the system.
5. Conclusion
In this work, the vector control system of an electric drive is simulated using the example of the PB-1 conveyor using adaptive observers. In the work, observers were considered for the stator current, for the rotor flux linkage, for the EMF, and the observer of full order.

The choice of a control system that meets the compiled criteria was carried out, mathematical modeling of the vector control system was carried out, and a comparative analysis of the systems was made using observers and with a speed sensor on the shaft. Each of the observers was examined for a robustness parameter.
An assumption is made about the applicability of a full-order observer on the PB-1 conveyor as a system that increases the reliability of the unit.
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