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Abstract – The most common current controller for the Switched Reluctance Motor (SRM) 

is the hysteresis controller. This method, however, suffers from such drawbacks as variable 

switching frequency, consequent audible noise and high current ripple. These disadvantages 

make this controlling method undesirable for many applications. The alternative solution is 

the PI controller. Since the fixed gain PI current controller can only be optimized for one 

operating point, and on the other hand, SR motor is highly nonlinear, PI controller gain 

should be adjusted according to incremental inductance. This paper presents a novel method 

for PI current controller gain adaptation which is simple and yields a good performance. The 

proposed controller has been implemented on a test bench using a eZdsp F28335 board. The 

performance of the current controller has been investigated in both simulation and 

experimental tests using a four-phase 8/6 4KW SRM drive system. 
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1. Introduction 

 

 The SRMs drive has many advantages such as rugged 

construction, high torque and high efficiency, low cost, etc. 

because of this advantages, this motor have attracted many 

researches, especially at last two decade. One of the 

primary disadvantages of the SRM is the high torque ripple. 

The torque is often controlled based on nonlinear relation 

between torque and current, via an inner current loop. To 

achieve torque with low ripple, current controller must have 

high performance and follow the reference current 

appropriately. The most common current controller for 

SRM drive is the hysteresis controller which has proved 

stable performance for non-linear applications, as is the 

case for SRMs. There are, however, a few disadvantages 

such as variable switching frequency and high current 

ripples. PI controller, on the other hand, has several 

advantages such as fixed switching frequency, low current 

ripple and ease of digital implementation. Therefore, it can 

be used in SRM current control loop. However, using this 

controller for highly nonlinear systems has some problems. 

PI controller is usually adjusted for a specified operating 

point and the responses at other operating points tend to be 

over or under the designed bandwidth. To overcome these 

problems in SRMs current controller, gain adaptation PI 

with back-emf decoupling can be used. Gain adaptation of 

the controller is based on machine characteristics. In [1], a 

simple linear adaptation was used to adjust the current 

controller PI gains. This method has the advantage of being 

simple. The variations of the bandwidth and the phase 

margin are limited but still exist. In [11] it is assumed that 

incremental inductance is a linear function of position and 

saturation effect is not considered. So this method is not 

valid in nonlinear operating region. In [13], the inductance 

and back-emf are calculated by complicated equations. This 

method needs considerable processing time. In this paper, a 

new method of gain adaptation for PI current controller is 

proposed. The proposed method needs fewer calculations 

and yields a good performance. This paper is organized as 

follows: in section 2 the model of machine and design of 

current controller for an 8/6 SRM is described. Based on 

gain adaptation methods, in section 3 the proposed gain 

adaptation for PI current controller is presented. Simulation 

and experimental results are presented to verify the 

performance and viability of the proposed method. 

 

 

2. Machine Modeling and Controller Design 

 

Design of current controller is based on machine 

characteristics. These characteristics are usually obtained 
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from experimental measurements or from numerical 

calculations such as finite element analysis. The proposed 

controller is designed for a four phases 8/6 SRM whose 

parameters are listed in the Table 1.  

 

Table 1. Machine Characteristics  

8 Number of stator poles 

6 Number of rotor poles 

1500 rpm Nominal speed 

5.5 hp Nominal power 

0.7 Ω Phase Resistance 

280 V Nominal voltage 

 

2.1 SRM Modeling 

 

SRM is usually designed so that mutual effects of phases 

get minimal. Therefore, neglecting mutual inductances, the 

electrical phase equation is: 

 

 

 
 

,

,
,

ph

ph s ph

phph

s ph s ph

d i
V R i

dt

idi
R i L i

dt

 

 
 



  


 



       (1) 

 

where, Vph is the applied phase voltage, Rs

 

is the winding 

resistance, iph the phase current, φ the flux linkage, Ls the 

incremental inductance, θ the rotor position and ω

 

is the 

motor speed. The last expression in the right hand of above 

equation is back-emf. Incremental inductance is obtained 

by dψ(θ, iph)/di. Fig. 1 shows flux linkage characteristics of 

a 8/6 SRM over one electrical period. As shown in the 

figure, the SRM is highly nonlinear and motors flux is a 

function of both rotor position and phase current. The 

incremental inductance and back-emf can be obtained 

numerically using flux characteristics and then be used in 

motor current control. 

 

2.2 Back-emf Decoupling 

 

The first step in achieving a high-performance current 

controller is to decouple the back-EMF term. The back-emf 

can be assumed as a disturbance to the current loop. 

Therefore, decoupling back-emf can be done by adding it to 

output of PI controller, as shown in Fig. 2. 

 

2.3 PI Controller Gain Adaptation  

 

If back-emf is completely decoupled, the current loop of 

the SRM can be simplified as shown in Fig. 3. The open 

loop transfer function of Fig. 3 is: 
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The controller can be adjusted so that machine pole be 

eliminated. In other words: 
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By substituting (3) in (2), the closed loop transfer 

function of system is: 
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Fig. 1. Static flux linkage for 8/6 SRM 

 

 
Fig. 2. Block diagram of PI controller with back-emf 

decoupling 

 

 
Fig. 3. Block diagram of the simplified PI controller 
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In the above equation, the term of KpKc/Ls is bandwidth 

of the closed loop system in which Kc is the gain of the 

power converter. As mentioned before, the incremental 

inductance is a nonlinear function of position and current 

and varies significantly within one electrical cycle. 

Therefore, the integral and proportional gains to achieve the 

same bandwidth for overall operating point are: 
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The proportional gain of current controller varies 

according to incremental inductance and the integral gain is 

constant. The Bode diagram of the closed loop system when 

no adaptation is used is depicted in Fig. 4. The diagram is 

plotted for three states of aligned, unaligned and 

intermediate positions. As it can be seen in the figure, the 

magnitude of the closed loop system varies widely with 

regard to the operating point and thus results in variation of 

bandwidth and phase margin. Therefore it seems gain 

adaptation is necessary to achieve a proper current response 

and fixed bandwidth for overall operating point. 

 

 
Fig. 4. Bode diagram of closed loop system when no 

adaptation is used 

 

 

3. Proposed Method for Gain Adaptation 

 

Rahman and Schulz [1] used a linear method for PI 

controller gain adaptation. In their proposed method, 

inductance curves are approximated with simple linear 

equations. Variations of bandwidth and phase margin are 

reduced but still exist, especially at low currents where 

approximations have no accuracy. Another method is gain 

adaptation according to the precise magnitude of 

incremental inductance. In [6] the incremental inductance is 

stored in a two dimensional look-up table. However, the 

look-up table approach requires memory and valuable 

processing time. In [13] the incremental inductance is 

obtained from complicated equations.  

According to (4), to have an appropriate performance, 

only proportional gain need to be adapted. So in this paper, 

the proportional gain is adapted according to the following 

equation: 

 

p current position p nomK K K K        (6) 

 

in which Kposition and Kcurrent are position and current 

adaptation coefficients, respectively. Also Kp- nom is the 

nominal proportional gain, which is set to 6 Amperes in this 

paper at intermediate position according to (5). Fig.  5 

shows the gain adaptation for position Kpos it ion. Motor 

inductance versus position for constant current (6 A) are 

shown in this figure. The equation which approximated this 

curve is: 
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Fig. 6 shows the gain adaptation for current, Kcurrent. Also 

motor inductance versus current at intermediate position 

(45 degree) is shown in this figure. The equation which 

approximated this curve is: 
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It should be noted that since Kposition and Kcurrent gains are 

set to 6 Amperes and 45 degree, there is no adaptation 

needed for this point. So it is necessary to use a coefficient 

for these curves. Fig. 7 shows the bode diagram of the 

closed loop system, when gain is adapted according to the 

proposed method. As can be seen in the figure, the 

bandwidth and phase margin variations are limited very 

well. 
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Fig. 5. Phase inductance versus position at 6 Ampere, and 

the gain adaptation for position. 

 

 
Fig. 6. Phase inductance versus current at middle position 

(45 degree), and the gain adaptation for current. 

 

 
Fig. 7. Bode diagram of current loop system with gain 

adaptation 

4. Simulation and Experimental Results 

 

4.1 Simulation Results 

 

To verify the performance of the proposed controller, 

simulation results are presented in this section. Simulation 

tests have been carried out using MATLAB/Simulink. 

Fig. 8 shows simulation results for fixed gain PI 

controller. Reference and motor phase current are shown in 

Fig. 8 (a). Difference between these two currents is plotted 

in Fig. 8 (c). Also the motor torque and phase voltage are 

shown in this figure. As shown in the figure, the fixed gain 

PI controller has a different bandwidth at different 

operating point and where the reference current is constant; 

the current error is not zero. Maximum current error for this 

controller is equal to 0.008 Ampere. 

 

 
Fig. 8. Simulation results for fixed gain PI controller, 

150rpm, 3N.m 

 

Fig. 9 shows simulation results for linear gain adaptation 

PI controller. As shown in the figure, linear gain adaptation 

method has improved the performance, compared to fixed 

gain PI controller. The maximum error in this case is 0.004 

ampere.  

Also the simulation results for PI gain adaptation 

according to exactly incremental inductance (PIGS) are 

shown in Fig. 10. As shown in Fig. 10, the current error has 

a variation between 0.003 and -0.003 Ampere band and the 

amplitude of error is constant for minimum and maximum 
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of inductance. Moreover, where the variation of reference 

current is equal to zero, the magnitude of error is very small, 

close to zero. 

 

 
Fig. 9. Simulation results for linear gain adaptation PI 

controller, 150rpm, and 3N.m. 

 

 
Fig. 10. Simulation results for exactly gain adaptation PI 

controller, 150rpm, and 3N.m. 

Finally, the performance of the proposed controller is 

shown in Fig. 11. This figure shows that the performance of 

proposed controller is similar to pigs controller and the 

error has same amplitude. To achieve a comparison 

between PI current controllers for SRM drive, the results 

for controllers are summary in Table 2. The torque ripple 

(Kr) is calculated by follow equation: 

 

max min 100r
ave

T T
K

T


        (9) 

 

where Tmax, Tmin and Tave are the maximum, minimum and 

average of total torque, respectively. As shown in the  

Table 2, compare to other PI controller, the proposed 

controller has better and improved performance. 

 

 
Fig. 11. Simulation results for proposed gain adaptation PI 

controller, 150rpm, and 3N.m. 

 

Table 2. Comparison of PI Controllers 

 PI Linear PIGS proposed 

Bandwidth 

variation 
wide limited 

No 

variation 
Teeny 

Lookup table - 1 2 1 

Max error(A) 0.008 0.004 0.003 0.003 

Torque ripple 

(%) 
23.05 22.70 22.50 22.55 
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4.2 Experimental Results 

 

The proposed SRM current controller has been tested 

experimentally. The proposed controller has been 

implemented on a test bench using a eZdsp F28335 board 

shown in Fig. 12. Phase currents are measured using a Hall 

effect current sensor. Angular velocity and rotor position 

are detected by means of encoder. The tests performed in 

simulation have been repeated experimentally. 

Experimental results for the fixed gain PI, Linear gain 

adaptation PI and proposed PI current controller are shown 

in Figs. 13 to 15, respectively. These figures are very close 

to the simulation results shown in Figs.8, 9 and 11. As can 

be seen in these figures, proposed controller has improved 

steady and dynamic performance compared to the 

conventional PI current controllers. 

 

 
Fig. 12. Experimental test bench. 

 

 
Fig. 13. Experimental result for fixed gain PI controller, 

150rpm and 3N.m. 

 

 

5. Conclusion 

 

An adaptive PI current controller for SRM drives was 

developed and a back-EMF decoupling and an adaptive PI 

 
Fig. 14. Experimental result for Linear gain adaptation PI 

controller, 150rpm, 3N.m. 

 

 
Fig. 15. The caption for a figure must follow the figure 

 

controller were used for current loop. The proposed current 

controller adapts the PI gains in a simple way. Moreover, it 

not only limited the variations of current loop bandwidth 

but also improved the steady state and dynamic 

performance of the controller. Simulation and experimental 

results were also used to confirm the better performance of 

the proposed controller. 
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