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Abstract-In vector controlled induction motor drives, the instantaneous rotor speed is measured using whether sensors or estimators. Since the basic Kalman filter is a state observer, its use in vector controlled schemes has received much attention. However, these schemes are based on the assumption that the existence of iron loss in an induction motor may be neglected. The paper shows the effect of iron loss on the extended Kalman filter performance that is designed on the basis if the ironless induction machine model. Simulation results are carried out to demonstrate this effect as well as the effectiveness of the suggested approach to minimise the speed estimation error without modifying the observer algorithm.    
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1. Introduction

The problem of speed estimation in induction motor drives has received over the last two decades a great attention. Many examples of open speed estimators are given in Guanghui W. [1]. They are based on the measure of current or voltage or both of them. However no feed back is used to check the correctness of the estimation, therefore they are very sensitive to parameters variations. Many schemes using saliency have been elaborated to estimate the rotor velocity and that are subdivided into two large groups. The first group is based on the geometrical effect and the second on the saturation effect. As an example of geometrical methods, the reader can refers to Peter Vas’s book [2] where two estimators using rotor slot harmonics are given in details. The frequency of the slot harmonic voltage (or current) depends on the rotor speed, so they can be utilised to estimate the rotor speed. However, these estimators have not been directly used for rotor speed estimation in high performance torque control due to the measurement bandwidth limitation. In another hand, methods using saliency based on saturation effects proposed by Janson et al. [3] who suggested a scheme based on varying the depth of the rotor slot opening and the injection of high frequency voltage in the stator. Good performances have been shown using this estimation especially at low speeds but requires rotor speed modifications and they may lead torque ripples vibration and audible noise. 

Model Reference Adaptive Scheme (MRAS) is proposed in [4] where one of the flux estimators acts as a reference model and the other acts as the adaptive estimator. The estimation is based on the comparison between the output of the two estimators and the output errors are used to drive a suitable adaptation mechanism that generates the estimated speed. The schemes require integration and to overcome the integration problem Peng [5] suggested the use of back-EMF and instantaneous reactive power as alternative ways to estimate the speed. However, still limited by parameters variations and the iron losses have not been considered. 

Adaptive observers-based approaches [6] can have preferred performances using the derived adaptive laws with relatively simple computation time. However their robustness to parameters uncertainties and noises is never guaranteed [7]. Extended Kalman filters have been proposed in [8, 9]. They can be used both under steady state and transient conditions of the induction motor. For Furthermore, they have the advantage of the ability to estimate the rotor velocity in very large wide range, down to very low speed (but not at DC excitation), however, its computational burden is relatively heavy, for this raison if the iron loss must be considered, the computational time will be very large since the number of differential equations will increase, and consequently, its implementation will be very complicated. In this paper, the effect of the iron loss is shown through simulation framework for indirect control scheme. It will be shown also that even when the modified indirect filed oriented controller, introduced by Levi et al. [10] is used to enhance the decoupling performances, the estimation speed error cannot be eliminated. A mechanism to reduce this estimation error is suggested without modifying the EKF’s algorithm or at least retune the covariance matrices.
2. Suggested solution

To improve the estimation process, the first solution which is very obvious is to use the state space IM model that takes iron loss into account [10] to elaborate the extended kalman algorithm. In this case the state vector becomes   
[image: image4.bmp] and the Jacobean matrix’s dimension will increase. The increase in the state vector dimension will indeed increase in the dimension of the EKF covariance matrices (1) and makes their adequate tuning more difficult.
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Fig. 1 Steady state equivalent circuit of IM:  a) before and b) after modification
We can obviously notice that modifying the EKF algorithm to take care of iron loss will increase substantially the computational time. This change requires therefore more sophisticated hardware. To address this problem without increasing the computational time and avoid consequently the fastidious task, i.e. retuning the covariance matrices, we can use the steady state equivalent circuit of IM. In other words, we change the inputs of the EKF in such a way the iron loss is not fed to the observer. By using the equivalent circuit of IMs in steady state (fig.1. a) and we ignore the voltage drop across the stator leakage inductance lfs when compared to that due to Rs, a new equivalent circuit is obtained. This scheme allows us to eliminate the iron loss from input power by using equations (2) deduced from fig.1.b
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          By using the new input to observer, a new configuration system for sensorless indirect vector controlled induction motor is obtained (fig. 2). 
3. Simulation results

In order to find out to improvement in speed estimation, the configuration shown in fig.2 has been simulated with and without changing the EKF input parameters; namely voltages and currents. Fig. 3.a illustrates to estimation error of rotor speed if the iron loss is not compensated for. This error is about 10RPM for desired speed of 140 rad/s and this error will increase if the motor speed increases. Better speed estimation is obtained by the same EKF without adjusting its parameters (P0, Q and R) but in this case, the iron loss is compensated for by using the inputs given by equation (2), as shown in the configuration of Fig. 3.

4. Conclusion


In the paper, the effect of iron loss on the Extended Kalman Filter is analysed. The main advantage of such observer is the ability to deal with noisy systems and its robustness against parameters uncertainties. This is the main raison to find it in sensorless speed control of induction motor drives. However, it has been shown that the iron loss decreases the estimation accuracy and consequently degrades sensorless induction motor drives particularly when used in position control. In this work, it has been suggested a mechanism based on the power analysis to reduce the iron loss effect without retuning the covariance matrices of the observer. This later is the most fastidious and time consuming task to design kalman filter algorithm. The obtained results have indicated the effectiveness of the suggested approach.    
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Appendix: induction motor's data
Rs=4.85 (, Rr= 3.805 (, Rfe = 500 (, Lm= 0.258 H, Ls=0.274 H, Lr= 0.274 H, J= 0.031 Kg.m2, B= 0.008 Nm.s/rd, Pn= 1.5 kW, P=2x2, Vn=220/380 V

In(Y/()=3.64/6.31 A, (r=1420 RPM, frequency= 50 Hz, Rated torque=10 N.m
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Decoupling scheme suggested by LEVI [10]
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Eq. 2
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