
 

 

 

CHAPTER – 4 
MATHEMATICAL MODELING OF SRM  

 

 

 

 

 

 

 

  



4.1 INTRODUCTION 

The SRM drive system simulation is much more complex than ac and dc motor 

drives because its operational region is mostly nonlinear. The nonlinearity is 

introduced by the following three factors: 

1. The nonlinear B-H characteristics of the magnetic material 

2. The dependence of phase flux linkages on both the rotor position and current 

magnitude; in other machines, it is dependent only on the current magnitude as the 

rotor position dependence is eliminated artificially with trigonometric transformation, 

it is not feasible with an SRM 

 3. The single source of excitation 

The controller integrates the machine, converter and load to deliver a specified 

performance for the entire motor drive system. The voltage equation can be written 

for a one phase of SRM assuming that there is no mutual coupling to other phases as: 

      
       

  
            (4.1) 

Where i is the phase current, Rs is the resistance of the stator phase, V is the 

voltage applied across the phase windings and λ(θ,i) is the phase flux linkages for a 

given rotor position θ and excitation current i. The rate of change of flux linkage with 

respect to time can be obtained assuming: 

                                   (4.2) 

                           
  

  
  

       

              
                (4.3) 

where p is the derivative operator, d/dt. The inductance L is the self-inductance of the 

machine phase and it is available as a function of excitation current and rotor position. 

Also, the derivative of flux linkages can be obtained using partial derivatives as: 

        
       

  

  

  
 

       

  

  

  
       

  

  
   

       

  
                (4.4) 



where        is the incremental inductance, so-named because it is the ratio 

between the incremental flux linkages and incremental excitation current. The 

relationship between the self-inductance and incremental inductance is given by: 
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         (4.5) 

Note that the self-inductance is different from the incremental inductance when 

the operating condition is not linear, which is usually the case in an SRM drive 

system. The next step in the computation of machine performance is determining the 

electromagnetic torque that can be obtained from the change in co-energy, given as: 
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                     (4.6) 

Where, the flux linkages are integrated with respect to the phase currents for 

each rotor position. The air gap torque, then, can be calculated for a constant current 

from the equation as: 

   
   

      

  
                       (4.7) 

In general, adjacent phases have overlapping current conduction; therefore, 

there are mutual flux linkages between these adjacent phases that result in mutual 

inductance between the windings. For example, in a four phase machine, the mutual 

inductances between nonadjacent phases such as ac and bd are negligible as the 

currents in phases a and c and phases b and d do not overlap in general. Even when 

they overlap, they overlap for a shorter duration of time with smaller currents so 

mutual flux linkages are very small compared to mutual flux linkages between 

adjacent phases. The voltage and flux equations for three-phase (6/4 pole) SRM can 

be expressed in terms of phase currents and phase resistances and inductances that are 

positions of current and rotor position (even though they are not indicated as such in 

the symbols) as follows: 
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Where  
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And Mab = Mba, Mbc = Mcb, Mca = Mac 

Where Rs is the stator resistance per phase, L represents the self-inductance of 

the phase indicated by the subscript, M is the mutual inductance between phases 

indicated by subscripts; and V, I and λ are the voltage, current and flux linkages 

respectively, in the phase indicated by their subscripts. For a three phase 6/4 pole 

SRM the parameters with subscript involving fourth phase (phase-d) can be excluded 

and the calculations are done in the same way as for four phase SRM. 

In open loop SRM speed control, first the reference current is fed to the 

individual blocks of phases (three phases for 6/4 SRM) obtaining torques as the 

output from the individual blocks of respective phases. Where, the individual blocks 

have reference current along with theta (compared with the theta obtained at the 

output with the help of a relational operator) are fed as inputs. When the theta value 

matches the relation given, the respective phase will be activated or else not. When 

the particular phase block is activated, reference current is fed to hysteresis current 

controller and the output of hysteresis controller along with pie function is given to a 

switch after which the output is integrated with an integrator and inductance of that 

particular phase is obtained.  

By using a de-mux, particular block phase current signal is also extracted. This 

phase current signal along with pie is sent to a mux which multiplies these two signals 



obtaining torque of that particular phase. The same process discussed above for a 

block was built for all phases of SRM. The number of blocks for 6/4 pole SRM is 

three. Thus the block outputs phase torque, phase inductance and phase currents of 

respective phases are obtained. All the phase torques obtained in respective phases are 

added to obtain total torque of the particular 6/4 SRM. This total torque obtained is 

fed to an integrator to obtain theta actual. 

For a closed loop speed control, the output speed obtained is again fed back as 

negative feedback so that speed control is achieved rotating the SRM at required 

speed. The speed obtained at the output is fed back and compared with the reference 

speed (constant speed) and the error signal generated is controlled by using a 

controller by adding some gain to it, thus obtaining the reference current after the 

integrator which is fed to the phase blocks. From here-on the same process discussed 

in the previous open loop control continues but here the speed control is achieved by 

rotating the rotor or SRM at desired speed. Similar speed control can be achieved for 

6/4 SRM respectively for open loop and closed loop speed control of 6/4 pole SRM. 

4.2 RESULTS AND DISCUSSIONS 

4.2.1 AGRICULTURAL APPLICATION  

4.2.1.1 WITH PI CONTROLLER 

The closed loop speed of SRM drive for agricultural application was shown in 

Fig.4.1. 

 

Fig.4.1. Speed response of SRM Drive 



The total torque and phase currents of the SRM drive system for agricultural load was 

shown in Fig.4.2 and Fig.4.3 respectively. 

 

Fig.4.2. Total Torque response of SRM Drive  

 

Fig.4.3. Total Phase Current response of SRM Drive  

The speed reaches its steady state value at 0.03 Sec which can be observed from the 

speed curve. 

4.2.1.2 OPEN LOOP OPERATION 

The open loop speed of SRM drive for agricultural application was shown in Fig.4.4. 

The total torque and phase current of the SRM drive system for agricultural load was 

shown in Fig.4.5 and Fig.4.6respectively. 



 

Fig.4.4. Speed response of SRM Drive 

 

Fig.4.5. Total Torque response of SRM Drive

 

Fig.4.6. Phase Current response of SRM Drive 

The speed reaches its steady state value at 0.1 Sec which can be observed from the 

speed curve. 

4.2.2 AIR-CONDITIONER APPLICATION 

4.2.2.1 WITH PI CONTROLLER 



The closed loop speed of SRM drive for agricultural application was shown in 

Fig.4.7. The total torque and phase current of the SRM drive system for agricultural 

load was shown in Fig.4.8 and Fig.4.9 respectively. 

 

Fig.4.7. Speed response of SRM Drive 

 

Fig.4.8. Total Torque response of SRM Drive 

 

Fig.4.9. Phase Current response of SRM Drive 



The speed reaches its steady state value at 0.1 Sec which can be observed from 

the speed curve shown in Fig.4.7. 

4.2.2.2 OPEN LOOP OPERATION 

The open loop speed of SRM drive for agricultural application was shown in Fig.4.10. 

The total torque and total current of the SRM drive system for air-conditioner load 

was shown in Fig.4.11 and Fig.4.12 respectively. 

 

Fig.4.10. Speed response of SRM Drive 

 

Fig.4.11. Total Torque response of SRM Drive 

 

Fig.4.12. Phase Current response of SRM Drive 



The speed reaches its steady state value at 0.13 Sec which can be observed from the 

speed curve shown in Fig.4.10. 

Table 4.1 shows comparative analysis of the different control schemes fed SRM Drive 

system under different applications. From the table it is clear that the PI Controller is 

taking less settling time compared to Open-Loop System, which is why now-a-days 

all the Drives are implemented with Closed-Loop.  

Table 4.1 Comparative Analysis of the Different Control Schemes of SRM Drive 

System under the two selected Applications 

Type of Application 

Settling Time(TS) 

With Open-Loop Control With PI Control 

Agricultural Application 0.1 0.03 

Air-Conditioner Application 0.13 0.1 

  

4.3 CONCLUSION  

A dynamic modeling of 6/4 SRM drive system is designed for proposed domestic 

PFC and irrigation application. For this design, the test system data should be stored 

in a look-up table or it can be expressed with effective mathematical expression. A 

normalized expression is attained by the representation of real time data. Several 

expressions are established with a proper relationship between the phase currents and 

flux linkages in a dynamic model of 6/4 SRM drive and results are obtained. Several 

schemes like open-loop and closed loop 6/4 SRM fed drive with better steady state 

function is evaluated to concentrate on phase currents, torque, total inductances, total 

torques. These parameters are evaluated during the transient and steady state periods. 

This open loop system requires more time for attaining better steady state response 

over closed loop PI system, which is requires less time for attaining steady state 



response and maintains a high stability factor. The proposed dynamic model is 

evaluated by effective mathematical models with formal PI control objectives with 

accurate performances, simulation results are conferred. 


