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Abstract 

In this paper, an accurate simple model for (SR) motor is developed. It is used to simulate the drive and to study its  performance characteristics and dynamics. 

The paper presents a new and simple method for a simulation accurately, calculating the torque and current of a switched reluctance motor from measured or computed flux-linkage, current, rotor position data by used Matlab Simulink.  The new method is more accurate and uses less input data than previously known procedures, and is computationally efficient.  It can be applied to both steady-state and transient problems. A simple theory is presented to represent characteristic of a (SR). Experimental and theoretical results of (SR) motor  are demonstrated and compared.

1- Introduction


The switched reluctance motor (hereafter referred to as (SR) have been emerging as an attractive solution for variable-speed drives due to several advantage such as its simplicity in motor construction and power converter, low cost, and high efficiency. The (SR) motor combines the synchronous operation of the variable reluctance motor with controlled stator  winding switching or commutation. It is a brushless synchronous motor without the need of permanent magnet. It is called the electronically controlled motor. 

The (SR) technology is applied in the electric vehicle and generally in automotive market segment. The new (SR) electric actuators are used in advanced steering, braking system and active suspension [1].  It is expected that the use of (SR) motors and drives to grow in transportation applications where its high performance and lower cost dictates its use.

However, Switched Reluctance Motor (SRM) has robust structure and capability of high speed performance, it has some problems that are relatively high torque ripples, electromagnetic noise These disadvantages is caused by torque generating mechanism, and expensive position sensing requirements.

To predict performance (average torque, currents, speed and efficiency etc.) it is necessary to solve the differential circuit equations for the appropriate switched conditions and, for transient performance, the mechanical equations also.  The electromechanical nature of the motor is reflected in the variations of phase-winding inductance with rotor displacement. (Mutual inductance with other phase windings are often very small and are usually neglected.) To calculate the performance, it is simply necessary to integrate the set of 1st-order circuit and mechanical differential equations.

 Switched Reluctance Motor design requires a well advanced computer based modeling. This need is due to torque considerations. The torque is a function of both phase current and rotor position. It is also affected by saturation of partially overlapping stator and rotor poles. Moreover, the instantaneous torque and current value with rotor position so that the average torque can only be determined by integration over a period of rotation.

Many trials had adopted the finite element method to be the preferred approach to determine the static phase flux linkage and torque inside the motor. Other different methods is reviewed in [2], [3], and [4].

The center problem on the measured or computed relationships between the flux linkage of the phase winding and its current and the angle of the rotor displacement.  The degree of magnetic saturation to be handled is frequently high, which results in severe nonlinearity  in flux-linkage/current curves.  The flux-linkage/angle relationships cannot, in general, be taken either as linear or as simple sinusoidal function [2].
2-System analysis

It is first necessary to state the equations of the basic machine circuit. Flux linkage is found by measurement or magnetic-field analysis as a function of exciting current i and rotor angular displacement (theta) over the complete range of current and cycle of inductance.  The voltage equations describing the circuit are as follows:
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The mechanical equations are as follows:
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In this paper a simple method described below is  based on using nonlinear differential equations which do not require the evaluation of the differential coefficients; consequently, the results are more accurate and require less input data.

The data defining the magnetic nature of the machine are stored as a table of values for   (((,i)  It is desirable that the number of values to be specified is as small as  possible, and it has been found that the curves of   (((,i)(=const  (being monotonic and having as a family their maximum rates of change in the same region of i) can be represented with sufficient accuracy and considerable economy by using unequally spaced values of current.  A quadratic interpolation method has been found to be very effective in deriving intermediate values of flux linkage. However, the curves  (((,i)i=const  are not monotonic (being cyclic), so that the quadratic interpolation cannot be simply applied. Equally spaced angles have therefore been used in the table of input data  (((,i), [2] and [3].

The solution of equation 1, to obtain current waveforms and the motor performance, requires the definition of the magnetic behavior, of the motor in the form of a table i((,() to enable the value of i to be updated after each step of the numerical integration of the model equations (i.e. after each integration step, to find a new value of  (, it is necessary to find the corresponding current which is then inserted in, the right-hand side. of equation 2).  It may be that the supposed difficulty -in generating this table is the reason why equation 1 have not been used before. This table, i((,()  (with a sufficient number of equally spaced angles and flux linkages to ensure sufficiently accurate interpolation) is obtained by inverting the input table.  The values of  i(()(=const   at equally  spaced flux linkages are found by using quadratic interpolation through three successive points Figure 1.

Thus, using this fast and very accurate method, the table i((,() , which is the inverse of the input table (((,i), is obtained. (The corresponding curves are shown in Figure 2.) The intermediate values of i((,() required in the course of numerical integration of the model equations are found by linear interpolation in  (  and quadratic interpolation in  ( [2].

So, the following steps classify the method of developing the machine model.

3- Simulation results

The SRM motor under study has three phase, six stator poles and four rotor poles (6/4 stator and rotor poles). DC supply voltage is 220 volt, stator phase resistance is 17 ( and rating speed is 1000 RPM

The relation between rotor flux linkage and stator current can be calculated as follows.

Since we can obtain some data for the relation between ((,i) at the aligned and unaligned positions through measurement and using appropriate interpolation method. This discrete available data can be extended to be continuous for the full range of  (, and i values at the two positions (aligned  (=0 and unaligned (=2(/Nr), and the other rotor positions between (=0 and 2(/Nr, the following relation can be used to estimate the intermediate  ((,i) curves [2].
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Figure 1 illustrates a family of these curves. It is evident that the model accuracy depends on how dense these curves are, while the increased number of curves between those two boundaries will make the model more memory demanding.

Therefore, at any value of rotor position and stator current the vector flux linkage can be obtained either directly from the pre-estimated curves, or by interpolation the two closest curves. 

Stator current and rotor flux linkage will be evaluated.

Using figure 1, by reversing the axis, the current value corresponding to any ((,() combination can be found, and for all of these possible combination of  ((,(), a current matrix can be estimated where current values are arranged such that ( will give the column index and ( will give the row index [2].

 Figure 2 illustrates a family of the curves between stator current and rotor flux linkage.

The static torque is calculated using the following equations
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From equations (6) and (7) a similar static torque matrix can be estimated where current will give the row index and ( will give the column index [4].

 A family of static torque with rotor angel is demonstrated in figure 3. 

Moreover, Phase current response may be calculated using equation 2 (single phase motor equation). Consequently the value of rotor flux linkage at motor  initial conditions  ((,i) can be calculated. Applying second order interpolation to the current matrix in terms of  ( and (, the value of current can be estimated. Referring to equation 2 the value of ( corresponding to the current rotor position can be evaluated , this cycle repeats as long as desired. The phase current response with rotor angel is illustrated in figure 4.

Also, applying second order interpolation to the static torque matrix in terms of  ( and i, the value of instantaneous torque at every value of phase current response with rotor angel value can be calculated.

The instantaneous torque curves versus the rotor angel are shown in figure 5. From the phase current response, can be calculated the value of Rot Main Square of current. The RMS of current with time is given by figure 6. From the instantaneous torque, the value of average torque can be determined. The average torque with time is demonstrated by figure 7.

Moreover, the actual rotor speed can be determined using the following equation [5]:
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The actual rotor speed with time are shown in figure 8.

 Inductance is calculated in equation 9  by rotor flux linkage and stator current. Inductance variation is approximated as simple sinusoidal and relations of SRM inductance of phase A and rotor angel are shown in figure 9.
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 Figure 10 illustrates the input voltage of phase A, the current of this phase and flux linkage of this phase with rotor angel. Where the positive part of input voltage is determined by equation 10, while the negative part of input voltage (or the input voltage is turn off) is depended on the arriving flux linkage (or phase current) to zero value [6].

The positive part duration of supply voltage 
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Where Cr is commutation ratio

4- Conclusions

This paper describes a simple technique to model SRM, A simulation is developed using Matlab Simulink. The methods for predicting the performance of doubly-salient reluctance motors from computed or measured (((,i) data have been reviewed and basic.

Weaknesses under highly saturated conditions have 

been identified.   The   model   equations   have   been reformulated in a more suitable form, which avoids the use of differentials of the input  data (((,i), but which necessitates the generation of an inverse table of data i((,(). This is efficiently achieved using quadratic interpolation; at the same time it allows the specification of unequally spaced currents and hence the minimum quantity of input data. Good agreement between predicted and measured responses of phase current, average torque, efficiency and static torque under highly saturated conditions has been demonstrated using much reduced input data and requiring only very short computing times. By using the model, we calculated characteristics of the SRM (instantaneous and average torque, DC and RMS currents, speed and speed error, efficiency and phase inductance).

List of principal symbols

I           =phase current,         J        =moment of inertia

L          =inductance,            Nrat     =rated speed

Nactual  =actual of speed,        R       =phase resistance

T          = torque,                    
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       =time variable

V         =input voltage,           W\     =coenergy
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         =rotor displacement,  
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    =angular velocity
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        =rotor flux linkage of phase
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FIG(1) a family of (current-flux linkage)
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FIG(2) a family of (flux linkage-current)
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FIG(3) a family of (theta-static torque)

FIG(4) (theta-DC current of phase A)

FIG(5) (theta-instantaneous torque of phase A)

[image: image19.png]



FIG(6)(theta-RMS value of current)
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FIG(7)(theta-average torque)
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FIG(8)(theta-actual speed(Nref=1000rpm))
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FIG(9)(theta-inductance)

FIG(10)(theta-(input voltage, phase current and

Flux linkage))
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