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Abstract—Torque ripple is an inherent property of switched 

reluctance motor (SRM), which seriously affects the control 
performance and application of the motor. This paper proposes 
two torque ripple suppression control strategies based on 
torque-sharing function (TSF). According to the symmetry 
characteristics of the flux linkage and rotor position curve family, 
a fourth-order Fourier series is used to fit the SRM flux linkage 
analytical model. The coefficient of each harmonic term of the flux 
linkage model is a function related to current, expressed by a 
sixth-order polynomial. The torque analytical formula can be 
derived from the flux linkage model. The torque error is 
calculated via the identified torque model and is compensated 
through TSF controller in order to reduce torque ripple. The 
torque model can also be used to establish the torque loop to 
achieve accurate tracking of the TSF reference torque to reduce 
torque ripple. Digital simulation was conducted, followed by the 
implementation on a SRM test bench using a 28335DSP as the 
master control chip. The experimental results are consistent with 
the simulation results, and indicate the effectiveness of the 
proposed schemes. 

 
Index Terms—Switched reluctance motor, analytical model, 

torque ripple suppression, torque-sharing function (TSF). 

I. INTRODUCTION 

S a new generation of drive motor, switched reluctance 
motor (SRM) has a simple structure, high operating 

efficiency and high reliability without winding on the rotor side. 
Such advantages enable it to be widely used in electric vehicles, 
textile machinery, mining, oil fields, aerospace industry, and 
other industry applications [1]-[3]. Due to the unique double 
salient structure and the pulsed power supply mode of SRM, the 
torque ripple, noise and vibration of the motor are relatively 
large. This poses a challenge for high-performance applications, 
and has inspired a sustained research interest in suppressing the 
torque ripple in SRM.     
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The torque sharing function (TSF) can reduce the torque 

ripple generated during commutation by distributing the torque 
among each phase of the motor. However, as the speed of the 
motor increases, the phase current of the motor cannot 
accurately track the reference current, resulting in  torque ripple. 
By optimizing TSF structure or compensation current, SRM 
can suppress torque ripple in a wide speed range. A neuro-fuzzy 
compensator is proposed in [4] to generate compensating 
current signals to reduce torque ripple. Choi et al expands the 
working range of TSF from the original first quadrant to the 
second quadrant, so that the system can also obtain a larger 
torque when running at high speed, and reduce the torque ripple 
of SRM in a wider speed range [5]. In [6], a series of TSF 
optimization methods to reduce the torque ripple and copper 
loss are presented, and a novel family of TSFs is introduced. In 
[7], the commutation interval is divided into two parts, and the 
compensation current will be added to the corresponding phase 
reference current in different intervals so as to reduce the torque 
ripple. The iterative learning controller is used to add the 
compensation current to the reference current in [8]. In [9], 
genetic algorithm is used to optimize the opening angle and the 
overlap angle of TSF to obtain the desired torque, and to 
maximize the speed range and reduce the copper loss. In [10],  
the opening angle of SRM is adapted online without adjusting 
the structure of TSF. In [11], [12], the reference current 
waveform is planned through a series of methods to reduce the 
torque ripple. A new TSF method is proposed in [13], which 
achieves lower current tracking error by adjusting the current 
reference value through an optimization function. 

After the expected torque of each phase is obtained via TSF, 
the direct instantaneous torque control (DITC) with torque 
closed-loop can also be used to track the expected torque, but it 
calls for an accurate torque model. Using the bicubic spline 
method to establish a flux linkage model requires a large 
amount of flux linkage-rotor position-phase current data to 
ensure the accuracy of the model [14]. In [15], a Gaussian 
function is proposed to fit the saturation region of the flux 
linkage data such that the accuracy of the model is improved, 
but the torque calculation is difficult. The Fourier-series is used 
to establish the flux linkage model in [16] and [17]. In [18], on 
the basis of the fourth-order Fourier series model data, the 
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Kriging model is used to improve the accuracy of modeling. In 
[19], a nonlinear analytical model of inductance based on 
Gaussian distribution probability density function is proposed, 
but the torque model has a poor accuracy. The method of using 
two dimensional orthogonal polynomials to simulate magnetic 
characteristics is proposed in [20].  

In this paper, the least square method is used to identify the 
parameters of the flux linkage model based on the 
Fourier-series, and a simplified torque formula can be obtained. 
Then, the torque model will be utilized to develop two control 
strategies for torque ripple suppression, one is the torque 
compensation control strategy which compensates the torque 
error via the TSF controller, and the other is the DITC strategy 
using torque closed-loop regulation. The DITC strategy is 
found to be effective in suppressing torque ripple, as will be 
verified by analyzing the performances of the two control 
strategies mentioned above. In the research of torque ripple 
suppression, DITC may emerge as a direction of great promise. 

The rest of this paper is organized as follows. The torque 
model is presented in Section II. In Section III, the torque 
compensation control strategy and the direct instantaneous 
torque control strategy are introduced. Section IV presents the 
simulation verification of the two control schemes and their 
implementation on a switched reluctance drive system. Finally, 
some concluding remarks can be found in Section V. 

II. MODELING OF SRM 

In this section, the torque model of SRM will be determined. 
The model is based on a 3-phase, 6/4 structure SRM 
experimental motor with a rated voltage of 50V and a rated 
power of 250W. 

A. Modeling of Nonlinear Magnetic Characteristics 

In this paper, the model is based on the flux linkage-rotor 
position curve family ( )  , and a better fitting effect is 

obtained with the help of the curve symmetry. Fig.1 shows the 
flux linkage-rotor position-phase current curve family ( )   

of a certain phase of the experimental SRM obtained by the 
FEA (finite element analysis) method. The non-aligned 
position of the salient poles of the stator and the rotor is set to 0°, 
and the aligned position is set to 45°.   

 

 
Fig. 1.The i  curve family of different rotor positions. 

The flux linkage versus rotor position curve has symmetrical 
characteristics and periodicity, and its symmetrical 
characteristics require that the analytical model be an even 
function. So, the combination of multiple cosine functions are 
used to express such a rich family of curves. The combination 
of multiple functions to form a complete orthogonal function is 
exemplified by the Fourier series [16]. Taking into account the 
calculation efforts and fitting accuracy, equation (1) is selected 
to express the single phase flux linkage model. The formula 
includes some constants and 1 to 4 harmonics. 
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where   is the angular frequency, and its value is related to the 
structure of the motor. In this paper, 4 / 180  . Hence, 
equation (1) can be expanded to get: 
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where a0 to a4 are the coefficients related to the phase current, θ 
is the rotor position angle. The model identification is 
completed in two steps. Firstly, the flux linkage data obtained 
through FEA are used to fit the analytical relationship between 
flux linkage and rotor position, as given by equation (2). 
Specifically, the least square method based on 
Levenberg-Marquardt algorithm, i.e., the function lsqcurvefit() 
in the MATLAB nonlinear function fitting toolbox, is chosen to 
fit the flux linkage data, so as to identify the coefficients  a0 to 
a4. The identification results are shown in Table I.  

Secondly, the coefficients a0 to a4 are related to the phase 
current. To trade off between accuracy and computation, each 
of the above coefficients is expressed by a 6th-order 
polynomial as in (3) that is easy to be calculated by Qin 
Jiushao's algorithm. 
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where cnj is the coefficient of each term in an. Using the same 
identification method, the values of these coefficients are 

TABLE I 
COEFFICIENT  a0 TO a 3 

i/A a0 a1 a2 a3 a4 

0.2 0.03651 -0.03007 0.00445 0.000121 0.001234 
0.4 0.07113 -0.06006 0.008938 0.0002535 0.002454 
0.6 0.1067 -0.09009 0.01337 0.000378 0.003679 
0.8 0.1423 -0.1201 0.01788 0.000503 0.04909 
1.0 0.1778 -0.1502 0.02235 0.0006625 0.006133 
1.2 0.2134 -0.1802 0.02683 0.0007478 0.007362 
1.4 0.249 -0.2103 0.03131 0.0008652 0.008594 
1.6 0.2846 -0.2403 0.03581 0.000977 0.009828 
1.8 0.3202 -0.2704 0.04032 0.001072 0.0107 
2.0 0.3558 -0.3006 0.04487 0.001159 0.01232 
2.2 0.3915 -0.3308 0.04946 0.001221 0.01358 
2.4 0.4273 -0.3611 0.0541 0.001251 0.01486 
2.6 0.463 -0.3915 0.05879 0.001257 0.01615 
2.8 0.4988 -0.422 0.06353 0.001249 0.01744 
3.0 0.5347 -0.4525 0.06828 0.001243 0.01872 
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identified and shown in Table II. So far, the flux linkage model 
of the experimental motor has been completely established, as 
given by equations (2) and (3) together with the coefficients in 
Table II.  

TABLE II 
COEFFICIENT  CNJ 

cnj a0/Wb a1/Wb a2/Wb a3/Wb a4/Wb 

cn0 -1.216e-5 5.389e-5 -2.724e-5 1.419e-5 -1.122e-5 

cn1 1.088e-4 -4.414e-4 2.309e-4 -1.091e-4 8.878e-5 

cn2 -3.561e-4 1.289e-3 -7.304e-4 2.947e-4 -2.574e-4 

cn3 6.207e-4 -1.761e-3 1.195e-3 -3.778e-4 3.617e-4 

cn4 -5.316e-4 1.087e-3 -1.047e-3 2.203e-4 -2.407e-4 

cn5 0.178 -0.1504 2.281e-2 5.846e-4 6.192e-3 

cn6 6.203e-6 -6.006e-6 -7.819e-5 -3.984e-7 5.54e-7 

B. Torque Calculation 

In the past, approximate functions were applied in modeling 
to reduce the computational complexity when calculating the 
motor torque. For example, in order to approximate the 
non-integrable part, the hyperbolic tangent function was 
introduced in [15], which would cause new calculation errors. 
In contrast, the method we adopt here does not require function 
approximation. 

The torque of a certain phase (indexed by k) of the motor can 
be derived from the magnetic co-energy W: 

k
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where ik is the phase instantaneous current. Substitution of (2) 
into (4) yields 
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where coefficient an(i) is the sixth-order polynomial in equation 

(3), so n ( )a i di  is completely integrable. Fig.2 shows the 

torque waveforms produced by the torque model under 
different phase currents, and the results are fairly consistent 
with the torque data obtained by FEA simulation. 

III. TORQUE RIPPLE SUPPRESSION SCHEMES 

In this section, two control schemes for suppressing torque 
ripple based on TSF strategy will be presented.  

A. Torque Compensation Strategy Based on TSF 

The  torque Tk produced by the k-th phase of SRM is related 
to the phase current and the change rate of phase inductance 

k ( , )L i    versus rotor position, as follows:  
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                                 (6) 

From equation (6) it is clear that the generated torque is 
dependent on the phase current and the inductance’s change 
rate. In general, when SRM is in commutation, the torque of the 
outgoing  phase  begins  to  decline,  and  the  current   of    the  

 
Fig.2. Comparison of torques between the proposed model and the FEA data. 

incoming phase is not fully established and results in a small 
torque, hence a torque drop will occur. At the position where 
the salient poles of the stator and rotor are completely aligned 
and the position where the salient poles of the stator and the 
rotor groove are aligned, the phase inductance’s change rate is 
the lowest, so the torque generated at these two positions are the 
smallest. During the spell of phase commutation, the two 
adjacent phases are close to the above two positions 
respectively, and neither phase can provide a large torque. As a 
result, the torque ripple of SRM is particularly significant upon 
the phase commutation. 

Using the torque-sharing function (TSF) can effectively 
suppress the torque ripple caused by the motor's commutation 
action. Taking the effect of copper loss into account, the 
sinusoidal TSF in [9] is adopted here, as shown in Fig.3.  

In a rotor period r , the reference instantaneous torque Tk(θ) 

of the k-th phase can be expressed as: 
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The block diagram of the traditional indirect torque control 
strategy is shown in Fig.4. A speed controller is designed to 

produce the reference total torque *T , and the TSF is used to 

distribute the total torque to each phase *
phT , then the reference 

phase current *
phi  is obtained via the inverse torque 

model ( , )i T  . Finally, the current controller is adopted to 

regulate the feedback current towards its reference target.  



CHEN et al: COMPARATIVE INVESTIGATION OF TORQUE-RIPPLE SUPPRESSION CONTROL STRATEGIES FOR SRM 173

 
Fig.3. Sinusoidal TSF. 

However, the actual torque output in Fig.4 is determined by 
the current tracking performance. Limited by the DC bus 
voltage, the actual motor current cannot accurately track the 
reference current, therefore, the torque ripple may still exist. 
The error of current tracking mostly appears in the 
demagnetizing period when the motor has a higher inductance 
value. For that reason, a torque compensation strategy based on 
modified TSF is adopted in this paper as shown in Fig.5.  

The output of the speed controller is a torque instruction that 
represents the total reference torque of the system. The 
real-time total torque of the switched reluctance drive is 
calculated by the torque model determined in the section II. The 

torque error T  can be obtained by subtracting the real-time 
total torque from the reference total torque, and then 
compensated by the TSF controller. The new TSF is expressed 
by (10).  
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The torque error is compensated by the incoming phase. This 
torque compensation strategy is also applicable to other types 
of torque- sharing function. 

In the actual digital control system, the output of the 
hysteresis controller will lag behind the change of the reference 
current, and the actual current cannot accurately track the 
reference current, resulting in torque ripple. Therefore, the 
fixed-frequency PWM control is used in the current loop to 
replace the traditional hysteresis controller in this paper, and an 
incremental PID control algorithm is adopted. The output of the 
algorithm is the increment of the control signal. When the 
system is heavily disturbed, the algorithm will not seriously 
degrade the operation of the system, so it has better robustness. 
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Fig.4.  Block diagram of the indirect torque control scheme. 
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Fig.5.  Block diagram of the torque compensation scheme.  

B. Direct Instantaneous Torque Control 

Another scheme for suppressing torque ripple will be 
presented in this subsection. The indirect torque control 
strategy must convert the reference torque command into a 
reference current command, and there is no torque closed loop 
in the control system. However, it is more difficult to convert 
the reference torque command accurately into the reference 
current command, which is also a cause of torque ripple. The 
DITC strategy does not need to convert the desired torque into 
an equivalent desired current, and can directly control the 
torque, so the torque response is faster. The DITC is a simple 
and effective control method. Compared with indirect torque 
control, the control of the current loop is omitted in DITC, and 
the torque difference is used to realize the precise tracking of 
the TSF more directly.  

To achieve direct instantaneous torque control, torque 
feedback is essential. The torque feedback in this paper is 
obtained by the torque model ( , )T i   identified in the previous 

section. This method does not need to install a torque sensor 
and is widely used. However, the torque ripple of the direct 
instantaneous torque control strategy is greatly affected by the 
accuracy of the torque model. The block diagram of SRM with 
DITC based on TSF technique is shown in Fig.6. 

The fixed-frequency PWM control is used in the torque loop 
to replace the traditional hysteresis controller so as to reduce 
torque tracking error and torque ripple in this paper. 
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Fig.6.  Block diagram of the DITC scheme. 

IV. SIMULATION AND EXPERIMENTAL VERIFICATION  

In this section, simulation and experimental verification of 
the torque compensation control strategy and the direct 
instantaneous torque control strategy will be conducted 
respectively, and a comparison will be made with the 
traditional indirect torque control strategy. The physical data of 
the SRM are shown in Table III. 

A. Simulation Result 

The indirect torque control strategy and the torque 
compensation control strategy adopts the traditional current 
loop control, using the data obtained by FEA to construct the 
current   look-up   table. Setting   the  load   torque  of  SRM to  
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TABLE III 
MOTOR DATA OF THE 6/4-POLE SRM 

Parameter Value 

Stator diameter 80mm 

Rotor diameter 41mm 

Stack length 85mm 

Air gap length 0.5mm 

Stator pole arc 27° 

Rotor pole arc 31.5° 

Number of  turns of  phase winding 80 

 

0.4 N m . The phase inductance of switched reluctance motor 
varies periodically with rotor position. The angle when the 
front edge of the rotor overlaps with the rear edge of the stator 
can be calculated by combining with the structural parameters 
of the motor as 15.75°.  And the angle when the front edge of 
the rotor overlaps with the front edge of the stator is 42.75°. The 
opening angle must be less than 15.75° to ensure sufficient 
current rise time. The turn-off angle must be less than 42.75° to 
ensure that the current drops to 0 when the phase inductance 
enters the drop zone. In a rotor period r , the three phases must 

be staggered by 30° ( off on =30   ) in order to ensure that the 

sum of the three phases’ TSFs at any rotor position is 1. The 
opening angle and the turn-off angle cannot be determined by 
the explicit relation. By analyzing the results of different 
experiments, we set the opening angle on =5  , the overlap 

period ov =9   and the turn-off angle off =35  . 

The parameters of the PI speed controller are set to kP=0.3, 
kI=0.12 and the parameters of the current controller are set to 
kP=100, kI=50. Fig.7 and Fig.8 present the phase current, phase 
torque and total torque waveforms under the indirect torque 
control strategy and the torque compensation control strategy at 
500RPM, respectively. The current waveform of a certain 
phase of SRM under the two control strategies is shown in Fig.9 
at 500RPM. Figs.10~12 show the simulation results of the two 
control strategies at 1000RPM.  

The torque compensation scheme converts the torque 
compensation into the reference current compensation through 
the inverse torque model, thereby reducing the current ripple, 
and achieving the effect of reducing the torque ripple as shown 
in Fig.8 and Fig.11. 

 
Fig.7. Phase current, phase torque and total torque waveform under indirect 
torque control (500RPM). 

 
Fig.8.  Phase current, phase torque and total torque waveform under torque 
compensation control (500RPM). 

 
(a)                                                       (b)                                       

Fig.9. A-Phase current waveform at 500RPM, (a):indirect torque control; (b): 
torque compensation control 

 
Fig.10.  Phase current, phase torque and total torque waveform under indirect 
torque control (1000RPM). 

 
Fig.11. Phase current, phase torque and total torque waveform under torque 
compensation control (1000RPM). 
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.  
(a)                                                       (b) 

Fig.12. A-Phase current waveform at 1000RPM, (a):indirect torque control; (b): 
torque compensation control 

 
Fig.13. Phase current, phase torque and total torque waveform under DITC 
(500RPM) 

 

Fig.14. Phase current, phase torque and total torque waveform under DITC 
(1000RPM). 

For the direct instant torque control scheme, we also set the 
load torque of SRM to 0.4 N m , and set the opening 
angle on =5  , the overlap period ov =9   and the turn-off 

angle off =35  . The parameters of the PI speed controller are 

set to kP=0.3, kI=0.12 and the parameters of the current 
controller are set to kP=80, kI=25. Fig.13 and Fig.14 present the 
waveforms of phase current, phase torque and total torque 
when the reference speed is 500RPM and 1000RPM 
respectively. The torque waveform of the three control 
strategies at the reference speed of 1000RPM (load step from 
0.4 N m to 0.8 N m ) are shown in Fig. 15.  

Torque ripple rate can directly reflect the magnitude of 
torque pulsation during SRM operation. It refers to the ratio of 
the maximum amplitude of the total torque fluctuation to the 
average torque when the motor is running. Its expression is as 
follows: 

max min

avg

100%T

T T
K

T


                        (11) 

where Tmax  , Tmin and  Tavg  are the maximum, minimum and 
average values of the total torque respectively. Table IV shows  
the torque ripple rate of the three control methods at different 
speeds. 

The simulation results verify the effectiveness and 
robustness of the direct instantaneous torque control strategy 
and the torque compensation control strategy in suppressing 
torque ripple. 

 
Fig.15. Total torque waveform of the three control strategies at 1000RPM  
(load step from 0.4 N m to 0.8 N m  ) 

TABLE IV 
PERFORMANCE COMPARISON OF THE THREE CONTROL METHODS IN THE 

SIMULATION  

RPM / N m  Control Method 
Torque Ripple Rate 

(%) 
 
 

500 / 
0.4 N m  

Indirect torque control 13.78 

Torque compensation control 6.85 

DITC 7.05 
 
 

1000/ 
0.4 N m  

Indirect torque control 30.41 

Torque compensation control 16.57 

DITC 10.25 
 
 

1000/ 
0.8 N m  

Indirect torque control 30.58 

Torque compensation control 21.55 

DITC 13.45 

B. Experiment Result  

Fig.16 shows the setup of the SRM test bench. The motor in 
the experiment is a three-phase 6/4-pole SRM, with a rated 
voltage of 50V, the rated power of 250W, and the phase 
resistance of 1.98  . A 28335DSP from TI is adopted as the 
master control chip of the test bench. The power converter is a 
three-phase asymmetric half-bridge circuit. The driving circuit 
adopts the upper bridge arm bootstrap driving circuit, which 
can reduce the switching frequency of the switching device. 
The bootstrap capacitor needs time to charge up to the voltage 
level required for driving, so the frequency of PWM is set to 
10KHz. The same frequency is used for torque control.  

In addition, a combination of soft chopping and hard 
chopping is adopted as the chopping mode of the power device.  



176 CES TRANSACTIONS ON ELECTRICAL MACHINES AND SYSTEMS, VOL. 6, NO. 2, JUNE 2022 

Emulator

Control &
Driving Circuit

6/4 SRM

DC Power
Supply

CCS 
Software

 
Fig.16. SRM test bench. 

When the rotor position is between the opening angle θon and 
the turn-off angle θoff, the power device adopts soft chopping, 
and the lower bridge arm is always on, while the upper bridge 
arm changes the on-off state according to the duty cycle. In this 
way, the current ripple will be small, which is beneficial to 
reduce the torque ripple. When the rotor position exceeds the 
turn-off angle, the power device adopts hard chopping, which 
can cause the phase current to drop rapidly and avoid 
generating a negative torque.  

A current look-up table is used to convert the reference 
torque into the reference current. Due to the memory limitation 
of 28335DSP, the current look-up table is constructed as a 
46×21 table, and the current loop uses an incremental PID 
algorithm. In the experiment, the parameters of the PI speed 
controller are set to kP=0.003, kI=5e-7 and the parameters of the 
current controller are set to kP=3, kI=0.5. The opening 
angle on =5  , the overlap period ov =9   and the turn-off angle 

off =35  are used. The independent channels of Dlog files in 

CCS software are used to collect data points (each channel can 
collect 1024 data points), and then MATLAB is used to draw 
waveforms. The total torque waveforms of the indirect torque 
control method and the torque compensation control method at 
500RPM are shown in Fig.17 (a) and (b), in which the torque is 
obtained via the torque model ( , )T i   identified in Section II.  

Fig.20 gives the actual A-Phase current waveform at 500RPM 
under two control methods.  The data waveforms of different 
control methods at the same reference speed can be put together 
to facilitate a clear contrast. 

 
(a)  Total torque of  indirect torque control 

 
(b)  Total torque of  torque compensation control 

 

(c) Total torque of  DITC  

Fig.17. Total torque waveform at 500RPM.  

 

(a) Total torque of  indirect torque control 

 

(b) Total torque of  torque compensation control 

 
(c) Total torque of  DITC 

Fig.18. Total torque waveform at 1000RPM.  

The subplots (a) and (b) in Fig.18 show the total torque 
waveform at 1000RPM under indirect torque control and 
torque compensation control respectively. The actual A-Phase 
current waveform at 1000RPM under two control methods is 
shown in Fig.21. The experimental results when the reference 
speed is 1800RPM are shown in Fig.19 (a), (b) and Fig.22. As 
shown in Fig.20~22, the torque compensation control strategy 
can suppress current spikes, which is beneficial to torque ripple 
reduction. 

The direct instant torque control experiment is conducted 
using the torque model identified in Section II. Since most of 
the data in the calculation formula are floating-point  
data, the floating-point to fixed-point code conversion is used 
to improve the calculation speed. The parameters of the PI 
speed controller are set to kP=0.003, kI=5e-7 and the parameters 
of the torque controller are set to kP=5, kI=0.9. The opening 
angle on =5  , the overlap period ov =9   and the turn-off angle 

off =35  are used again. The total torque waveforms under 

DITC scheme at 500RPM, 1000RPM and 1800RPM 
respectively are shown in Fig. 17 (c), Fig. 18(c)  and Fig. 19 (c). 
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(a) Total torque of  indirect torque control 

 

(b) Total torque of  torque compensation control 

 

(c) Total torque of  DITC 

Fig.19. Total torque waveform at 1800RPM. 

 
(a)                                                     (b)         

Fig.20. A-Phase current waveform at 500RPM, (a): indirect torque control; (b): 
torque compensation control. 

 
(a)                                                     (b)         

Fig.21. A-Phase current waveform at 1000RPM, (a): indirect torque control; (b): 
torque compensation control. 

 
(a)                                                     (b)         

Fig.22. A-Phase current waveform at 1800RPM, (a): indirect torque control; (b): 
torque compensation control. 

TABLE V 
PERFORMANCE COMPARISON OF THE THREE CONTROL METHODS IN THE 

EXPERIMENT 

RPM Control Method Torque Ripple Rate (%) 
 
 

500 

Indirect torque control 32.19 

Torque compensation control 26.05 

DITC 24.32 
 
 

1000 

Indirect torque control 37.23 

Torque compensation control 29.76 

DITC 28.27 
 
 

1800 

Indirect torque control 48.78 

Torque compensation control 36.72 

DITC 29.02 

 
The torque ripple rates of the three methods in experiment 

are calculated using equation (11). The calculation results are 
summarized in Table V, which clearly indicates that, the torque 
ripple of direct instantaneous torque control method or torque 
compensation control method is significantly smaller than that 
of the indirect torque control method. The experimental results 
verify the effectiveness of the two proposed control methods in 
suppressing torque ripple. 

However, it is noted that the torque ripple in experiment has 
increased, compared with the simulation results. The possible 
causes are as follows: 1) The three photoelectric sensors used 
for position detection in the experiment have a low resolution, 
which affects the realization of TSF control strategy; 2) There 
are some errors between the established model and the data 
obtained through FEA, and the floating-point to fixed-point 
code conversion may also have a negative impact on model 
accuracy.  

V. CONCLUSION 

In this paper, two control strategies for torque ripple 
suppression in SRM have been proposed, based on the 
Torque-Sharing Function (TSF). One is the torque 
compensation control strategy, which converts the 
compensation torque into the compensation current through a 
current look-up table to reduce current ripple. The other is the 
direct instantaneous torque control strategy, in which the 
current loop is replaced by a torque loop to track the reference 
torque more accurately and reduce torque ripple. These two 
control schemes have been applied to a switched reluctance 
motor speed control system, and the experimental results show 
that the control schemes proposed can effectively reduce the 
torque ripple generated during the operation of motor. In this 
paper, the multiple parameters of the identified SRM model 
hinder the promotion and application of the proposed control 
strategy, which may be solved by reducing the order of the 
Fourier function and combining with some modifications of the 
control algorithms (towards better transient performance) for 
the speed and torque loops in the future. 
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