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Abstract: - This work presents two control strategies, with the objective of reducing the undesirable effects of 
ripple and dead zone in the speed response of a switched reluctance motor (SRM) 8/6. The first strategy aims to 
reduce the dead zone by applying a double integrator classical controller, while the second strategy proposes a 
new strategy to reduce the speed ripple, which works in conjunction with a classic PI controller. The strategy, 
based on digital simulations shows a reduction on the dead zone effect and speed ripple, the simulations were 
performed using the Matlab® / Simulink software and are based on a simplified non-linear model that has the 
non-linearity of Coulomb friction plus viscous friction, as well as an ideal inverter circuit. 
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1 Introduction 
As can be corroborated in different research 

works [1]-[5], switched reluctance motors have 
several interesting features or advantages, such as, 
simple and robust construction, high torque at low 
speeds, efficient energy conversion, large power-to-
size ratio, easy cooling, and wide operating speed 
range. 

For this reason, it is desirable to be able to use this 
type of motor making the most of each of these 
advantages. However, to be able to do this you need 
to meet two important requirements. The first is to 
optimally drive the motor with an inverter circuit, 
which ensures the independence of each of the phases 
and can demagnetize the active phases. The second 
requirement is to implement a control technique that 
allows reaching the desired position or speed 
efficiently. 

This last point has prompted researchers to 
develop various control techniques for SRMs, which 
have different purposes. Some examples of these 
techniques are direct control of instantaneous torque 
[6] and [7], vector control [8] and [9], fuzzy logic 
control [10] and [11], among many others. However, 
most of the previous techniques can become very 
complex and difficult to implement, therefore, in the 
industry it is preferred to use classic controllers such 
as PI, due to its easy implementation, effectiveness 
and price. For this reason, much of the current 

research on the control of this type of motors seeks to 
improve this controller or design new control 
techniques taking the PI controller as a reference 
framework [12], [13] and [14]. 

One of the main problems to be solved through the 
control of the SRM's is undoubtedly to eliminate or 
reduce the ripple that appears naturally in the speed 
and torque responses. On the other hand, an 
improvement to be made in the operation of some 
direct current motors is the reduction of the dead 
zone, which, as occurs with ripple, affects the 
performance of the motor at low speeds. 

In this work, two control techniques are presented, 
the objective of which is to eliminate or reduce the 
two problems described above. For this, the article is 
organized as follows: 

Section 2 shows the electrical and mechanical 
characteristics of the motor, which were used to 
program the SRM simulations, as well as the transfer 
function and a PI controller that was tested on this 
motor. Later, in section 3 a PII controller is designed 
and simulated to address the dead zone problem of 
the SRM. In section 4, a PI control plus a ripple 
reductor is proposed, designed and simulated, which 
aims to reduce speed and torque oscillations. Finally, 
the section presents the conclusions of the work. 
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The parameters used for the development of this 
work are taken from the motor with eight stator poles 
and six rotor poles model RA130135 from the 
manufacturer System Tech, which are listed below 
[15]: 

• Vmax =24 Vdc 
• N = 4 
• Nr = 6 
• J = 3.9063 Kg m2 

• l = 0.01 N m 
• D = 0.0001 N m/rad/s 

•  = 0.005 N m 

• R = 1  
• L0 = 2.1 mH 
• L1 = 1.3 mH 

Through an analysis of the non-linear structure of 
the motor model (degree, relative degree and zero 
dynamics) and a subsequent linearization at an 
operating point, the single-phase transfer function of 
the motor is (1), as can be verified on [15]. 

  (1) 

Due to the wide distance between the two poles of 
the transfer function (1), it is possible to simplify it 
by means of pole dominance [16], obtaining the 
transfer function shown in (2). 

  (2) 

As demonstrated in [17] this type of motor is 
easily controllable by a PI controller, satisfying 
robustness margins greater than the typical margins 
of 12dB of gain and 45 ° of phase, the transfer 
function and Bode diagram of said controller are 
shown in (3) and Fig. 1. 

  (3) 

However, this controller exhibited the following 
two problems. Firstly, when operating at low speeds, 
approximately below 600rpm, motor performance 
was affected by dead zone non-linearity, causing 
starting difficulties and overshoots due to large 
increases in control input voltage. that the PI 
controller applied to the motor to get out of the dead 
zone. 

The second problem that the control of this motor 
showed, was the ripple of the speed and torque 
signals, which are proven by the commutations of the 
motor, like the first problem, the ripple represents a 
problem for the user mainly to low speeds where the 
percentage of ripple can rise significantly. 

Fig. 1. PI Control system Bode diagram. 

 
3 Proposed PII Controller 
As demonstrated in [17] the PI controllers applied to 
SRM 8/6, it proved to have excellent performance in 
regulation and tracking, satisfying robust margins. 
However, as with other electric motors, the non-
linear phenomenon called dead zone occurs, making 
it difficult to operate the motor at low speeds with the 
same performance. For this reason, in this section a 
proportional controller with double integral effect or 
PII is design, which, as demonstrated in [18], can 
minimize the dead zone effect. 

The technique to design this controller is through 
Bode shaping, in this case we start from the already 
designed PI controller and add an integrator or pole 
at 0, a zero at low frequency to raise the phase and 
guarantee this margin, finally the gain is adjusted to 
get the desired bandwidth. The resulting transfer 
function for the PII controller is shown in (4). 

  (4) 

 

 

2 Characteristics and transfer 

function of the SRM 8/6 
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The Bode plot with robustness margins is shown 
in Fig. 2. From this diagram it can be seen how the 
gain margin remains infinite as in the PI controller, 
while the phase margin obtained a value of 90.2 °. It 
is important to highlight that the only design 
parameter that was necessary to modify was the 
bandwidth, which was increased to 10.1 rad / s, this 
is because the gain necessary to maintain the original 
bandwidth greatly reduced the integral effect of the 
controller, therefore, it was necessary to increase the 
gain so that the integral effect was preserved, and the 
bandwidth did not change noticeably. 

Fig. 2. PII Control system Bode diagram. 

 
3.1 PII Simulations 
To test the performance of the PII controller, the 
motor is run at low speeds in regulation and the 
responses are compared with those obtained with the 
PI controller. For the first test a reference signal is 
applied at -500 to 500rpm, the comparative graphs 
are shown in Fig. 3 to 6. 

From this test, in Fig.3, it is observed how in the 
speed responses, there is a dead zone at the beginning 
of the simulation, which for the case of the PI 
controller lasts 0.3 seconds, while for the PII the time 
is reduced to 0.2 seconds, the errors obtained by the 
controllers are 0.9% for the PII and 0.01% for the PI. 
In addition, it is appreciated how the PII controller 
eliminate the dead zone of the motor, while the PI 
continues to show this phenomenon. Note that in the 

second cycle of the reference signal the PI control 
shows a greater dead zone, this can be due to several 
factors, mainly speed or position. In the case of this 
last factor, it affects the inductance and therefore the 
torque. For this reason, it is possible that the dead 
zone phenomenon may affect the motor differently 
depending on these factors and independently of the 
controller applied to the motor. In Fig. 4 it can be seen 
how the control input rises with greater speed in the 
case of the PII, for this reason the motor reaches the 
reference faster than in the case of the PI control, 
subsequently both responses are established at the 
same voltage.  

Fig 3. Rotor´s speed response to reference signal from -500 to 500 rpm. 

Fig. 4. Control input response to reference signal from -500 to 500 rpm. 

In the case of torque and phase currents, Figs. 5 
and 6, the responses of the PII follow a behavior very 
similar to the responses of the PI, with the 
fundamental difference that the responses of the first 
are established earlier. 
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Fig. 5. Torque response to reference signal from -500 to 500 rpm. 

Fig. 6. Phase currents responses to reference signal from -500 to 500 
rpm. 

As a last test, the reference value is changed, so 
that the motor is required to operate between -200 and 
200 rpm, the responses obtained are shown in Fig. 7 
to 10. 

In Fig. 7 it is observed how again the PII 
controller establish the motor in less time than the PI, 
obtaining 0.46 and 0.63 seconds correspondingly. 

 
 

Fig 7. Rotor´s speed response to reference signal from -200 to 200 rpm. 

Fig. 8. Control input response to reference signal from -200 to 200 rpm. 

Fig. 9. Torque response to reference signal from -200 to 200 rpm. 
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However, the PII controller gets a 1.7% error, 
while the PI gets a 0.05% error. In addition, as 
mentioned in the previous test, it is possible the 
appearance of dead zones such as the one that 
occurred between seconds 9.1 and 9.6, where both 
controllers showed a dead zone of similar duration, 
again this occurs because the behavior of the motor 
depends on largely on speed and position conditions.  

Fig. 10. Phase currents responses to reference signal from -200 to 200 
rpm. 

In the case of the control input responses, torque 
and phase currents, Fig.8, 9 and 10, those show a 
behavior like those obtained in the previous test. 
Based on the results obtained from the previous tests, 
it is observed that indeed the PII controller showed a 
better performance when dealing with the dead zone 
phenomenon, reducing this by at least 27% at startup 
and in some cases, in full operation, the dead zone 
was reduced in its entirety as observed in Fig. 9.2. As 
expected, the lower the operating speed the more 
difficult it is to deal with the dead zone. 

 
4 Proposed PI+RR Controller 
One of the main characteristics of the switched 
reluctance motor is the oscillations or ripple in the 
torque and speed responses, which is an undesirable 
characteristic since these oscillations can cause 
mechanical vibrations and even audible noise, as well 
as poor regulation performance. For this reason, in 

this section we propose a technique to reduce the 
ripple, which consists in assuming that the ripple of 
the speed response is noise located at the input of the 
motor G(s), as observed in Fig. 11, which is 
represented by . The technique shown in this section 
was named Ripple Reductor (RR), it is based on noise 
reduction disturbance observers (NR-DOB) [19].  

This technique is responsible for reducing sensor 
noise and low-frequency noise while RR focuses on 
reducing high-frequency ripple. 

Fig. 11 PI+ Ripple Reductor Controller Block Diagram  

It is desired to achieve is 𝑈̅=U, for this it is 
necessary to recover the noise from the output ω, to 
do the latter  is passed through a filter 𝐹̅(s) formed 
by the inverse function of the model of the motor 
𝐺̅−1(𝑠) and F(s), which together must be causal to 
guarantee that it is implementable. The filter 𝐹̅(s) is 
of the band pass type with K gain and lower and upper 
frequencies f1 and f2 respectively. Calculating the 
transfer functions /Ref and /; (5) and (6). 

  (5) 

  (6) 

Analyzing (5) and (6), inside and outside the filter 
band, the following is obtained (7) and (8). 

  (7) 
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  (8) 

From (7) it is observed that within the filter 
frequency band, the control system has a small 
deterioration due to the denominator, very similar to 
the expected behavior of the closed loop of any 
control system. This behavior if you get out of the 
frequency band. Therefore, the behavior of the 
control system remains very similar to normal. On 
the other hand, the behavior of the system with 
respect to noise, within the band, the attenuation of 
the noise is directly affected by the motor itself, since 
the controller at these frequencies has a gain of 
approximately 0. Outside the frequency band, 
particularly at low frequencies, the behavior of the 
system with respect to noise tends to zero, since the 
controller has great gain at these frequencies, this is 
the case of the frequencies of the reference signal. It 
is important to highlight that, to guarantee internal 
stability, as can be seen in (5) and (6), the motor 
model 𝐺̅ must be stable and with minimum phase, 
therefore, the motor must also comply with these 
characteristics. 

The design of the F(s) filter consists of a 
derivative or zero at frequency 0 and four poles, the 
first pole is placed one decade before the ripple 
frequency while the other three are placed at a 
frequency greater than one decade later. For 𝐺̅−1(𝑠) 
the transfer function of (1) is taken. The frequency of 
the ripple is calculated as the product of the number 
of commutations of the motor per revolution, 
multiplied by the angular frequency of the rotor; (9), 
for this filter the nominal speed was selected. 

  (9) 

The transfer function obtained for the filter F(s) is 
shown in (10), while its Bode diagram is shown in 
Fig. 12 

 (10) 

 

 

 

Fig. 12. Filter F(s) Bode diagram. 

 
4.1 PII Simulations 
To test this technique, two tests were carried out, 
where the control system is subjected to regulation, 
first a square signal is given as a reference signal 
oscillating between 1500 and 2500rpm, to observe 
the behavior of the motor, just around the operating 
point, the Control system responses are shown in 
Figs. 13 to 16. 

Fig 13. Rotor´s speed response to reference signal from 1500 to 2500 
rpm. 
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Fig. 14. Torque response to reference signal from 1500 to 2500 rpm.  

In Fig. 13 it is observed how the speed response 
of the PI+RR control is established at the reference 
speed with a minimum error and obtains a 0.05% of 
ripple while the PI ripple has a value of 0.08% 
Therefore, the ripple reduction is 37.5% for speeds of 
1500rpm. As for speeds of 2500rpm, the ripple values 
of 0.03% and 0.04% for the PI+RR and PI 
respectively, with a reduction of 25%.  

For the case of the torque response, Fig. 14, the 
ripple obtained was 80.7% for the PI+RR and 92.7% 
with a reduction of 12.9% for speeds of 500 rpm 
while for speeds of 2500 rpm the data obtained, they 
were 75.8%, 87.1% and 13%. 

Fig. 15. Control input response to reference signal from 1500 to 2500 
rpm. 

In Fig. 15 it is observed how the control input 
signal of the PI + RR control is notably different from 
that obtained from the PI; this is because the PI + RR 
control needs to apply high frequency input voltages 

to the motor as large as possible to be able to 
counteract high frequency ripple speed fluctuations. 
As can be seen in this same figure, the maximum 
value is limited to 24V, to protect the motor and keep 
it in normal operation. 

Fig. 16. Phase currents responses to reference signal from 1500 to 2500 
rpm. 

Finally, in Fig. 16, the current responses maintain 
a very similar average value in both control systems, 
with a subtle change in the shape of the peaks, caused 
by the sudden voltage changes of the control input. 

Fig 17. Rotor´s speed response to reference signal from -2000 to 2000 
rpm. 
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For the next test the reference signal ranges 
between -2000 and 2000rpm, once again the 
responses of both control systems are shown below, 
in Figs. 17 to 20. 

Fig. 18. Control input response to reference signal from -2000 to 2000 
rpm. 

Fig. 19. Phase currents responses to reference signal from -200 to -200 
rpm. 

The behavior of both control systems is similar to 
that shown in the previous test, with only minimal 
changes. The results of ripple reduction in speed and 
torque are summarized in Table I. 

 

Fig. 20. Torque response to reference signal from -2000 to 2000 rpm  

TABLE I  RIPPLE REDUCTION PERCENTAGE 
AROUND THE OPERATING POINT 

Rotor’s speed 

(rpm) 

Ripple reduction 

of  (%) 

Ripple reduction 

of e (%) 

1500 37.5 12.9 
2000 33.3 14.4 
2500 25 13 

 
5 Conclusion 
In this article, two solutions based on classical 
control strategies were presented in order to reduce 
two undesirable effects which usually appear in the 
speed response of any SRM known as ripple and dead 
zone. The simulations shown in this work are based 
on the simplified model of an SRM 8/6, which 
includes the non-linear model of Coulomb friction 
plus viscous friction and an ideal inverter circuit. The 
first controller shown is the PII controller from whose 
tests it is observed how this manages to reduce the 
time that the dead zone lasts by at least 27%, with 
respect to what was obtained from the PI controller. 
However, the PII controller obtains a steady state 
error greater than that obtained from the PI controller, 
this error increase is 1.65% in the worst case. On the 
other hand, the second controller presented was the 
PI + RR controller, in which the tests carried out 
showed that this controller manages to reduce the 
speed ripple magnitude by at least 25%, while in the 
case of torque the reduction obtained was 13%. The 
problem with the use of this control is that, when 
trying to reduce the rapid oscillations of the torque, 
the controller compensates for this by applying 
voltages as large as possible with very high frequency 
according to ripple frequency, for this reason, it was 
necessary to limit the supply voltage range of the 
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drive motor. -24 to 24V, this can cause the motor to 
operate in its saturation region, therefore, it is 
necessary to use a model that contemplates this 
phenomenon for its correct simulation. 

From both the PII and PI + RR control tests, it is 
concluded that although both controllers met their 
respective dead zone and ripple reduction objectives, 
they are not worth using them since their main 
application is within a region of low speeds, since, 
within this region, both the dead zone and the ripple 
are greater and can represent a problem for the motor 
user. It must be considered that one of the advantages 
of these motors is their high speed, therefore, their 
application is found in regions with higher speeds. 
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