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Graphical abstract Abstract

In this paper, the researchers have described the development, design and
characterization of a Switched Reluctance (SR) actuator, with a rotary motion,
having a single-excitation activity. This SR actuator design consisted of a stator
and rotor core and was based on the simplest SR actuator model design, with
a Stator-to-Rotor pole ratio (S: R) of 6:4. In this design, the winding was coiled at
Phase A, which enabled the single step motion characterization based on a
single excitation. This SR actuator prototype showed a compact size, with a 36
mm stack length and a 60 mm outer diameter. This feature allowed small
machine applications like the precision robotic machining, but required a low
production cost, as it lacked a permanent magnet. On the other hand, the SR
actuator consisted of highly non-linear characteristics and showed
uncontrolled motion behavior. While achieving a very precise motion, it is
important to suppress the non-linear characteristics of an actuator. Hence, the
researchers designed the linearizer unit based on its characterization at
Position 0°, which was related to the excitation current and the rotary angles
for the various initial rotor positions. This initial position was chosen as it reflected
the characteristics which indicated the self-starting characteristics. Thereafter,
the researchers experimentally investigated the appropriate driving signal for
this SR actuator as the normal step input signal showed a lower precision
motion because of the discharging effect-related issues. Based on these
results, the researchers selected a pulse input signal of 20Hz and 1:4 duty ratio
as the appropriate driving signal, which could improve the motion
characteristics.

Keywords: Switched reluctance actuator, motion characterization, driving
signal
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1.0 INTRODUCTION

Many researchers have used the precision motion
system in different applications like the semiconductor
manufacturing processes, pick-and-place robotic
systems or small machine applications, i.e. micro-
gripper [1, 2]. Generally, these systems consist of an

appropriate actuator. Recent studies highlighted 4
main characteristics of an actuator: (i) Low cost of
construction; (ii) A basic geometrical design; (iii) A high
value of the generated torque and; (iv) A higher
precision motion [3–6]. Currently, many actuators
display a precision motion [7–12]. The piezoelectric
and the electrostatic actuators were seen to be
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common linear motion actuators, which displayed a
shorter working range [13]. On the other hand, the
pneumatic and the electromagnetic actuators could
display a large working range. In the past few years,
the developed electromagnetic actuator displayed
rotary motion behavior.

In the past, researchers developed a rotary, high
precision, electromagnetic actuator as the Stepper
Motor type [14–17]. This actuator operated the micro-
stepping size dependents on the pole’s slot and
showed a maximal 5% noncumulative position error for
every step. However, this system performance was
only possible if a permanent magnet was used in the
actuator design for each step input.

The Switched Reluctance (SR) actuator is a
different electromagnetic actuator, which has
become more popular in the past few years, due to its
lower construction cost and simple structure [18, 19].
Furthermore, the SR actuator is rugged, shows a faster
response and requires a low maintenance due to its
simple design structure [20]. The SR actuator can drive
in the incremental or continuous operations [21]. These
operations are based on all motion characteristics,
dependent on an excitation current applied. The
general SR actuator was made of 2 material types, i.e.,
the rotor/ stator had a soft-iron core, and a copper
wire [3]. This soft-iron core used the winding turn’s
current excitation and offered the magnetic flux a low
reluctance pathway [22]. The rotor moves in a manner
which decreases the reluctance (i.e., aligned
positioning) and generated the torque for the rotary
motion. Owing to its simple structure and operational
principle, the SR actuator has garnered a lot of
popularity after the development of Electric Vehicles
(EV), since it can generate a high torque and display a
very speedy performance [23–26].

On the other hand, the SR actuators display very
non-linear characteristics and uncontrolled motion
behavior. Some recent studies have acquired a higher
precision motion using characterization techniques for
suppressing the non-linear characteristics like the
hysteresis effects and friction [9]. While designing the
SR actuators, many researchers focused on the
application of a constant drive for operating the
motor system and the Switched Reluctance Motor
(SRM). However, the precision motion performance
was a secondary issue owing to the non-linearity-
related problems. According to [27], if the switching
SRM profiles were controlled properly, they would help
the actuators display a better motion precision at
higher speeds.

The major difference between the SRM and the
SR actuators was their rotatory behavior during the
continuous or the fixed step during all operations, as
presented in Table 1. In the SR actuator, the applied
controller was targeted toward the positioning
requirement. In their study, [27] observed that an SR
actuator behaved as a servo if it was controlled
properly and could achieve a 90% efficiency. Though
the SR actuator needs the help of an expensive
position sensor for detecting the immediate rotor
positions, its lower construction cost and lesser

maintenance can overcome all its limitations. The SR
and the SRM actuators displayed similar characteristics,
except for their controlled strategy and end results. This
further led to the application of the SRM as the
precision motion actuator or an SR actuator. Many
studies adopted the SR actuator as a high-precision
motion rotor [9, 28, 29], which was further used for
developing a linear actuator rather than a rotary
model. These actuators have become very popular
due to their high precision motion and low cost,
however, their non-linear properties have made them
very difficult to control.

Table 1 A comparison of the SRM and the SR actuator
characteristics

Characteristics
Switched
Reluctance
Motor (SRM)

Switched
Reluctance
(SR) actuator

Coil Excitation Multi-phase Single-coil

Motor Drive Continuous/
Incremental Incremental

Controlled Variable Torque Position

Motion Characteristic Continuous Fixed angular
step

Geometrical
Construction Similar design

Characteristic Model Nonlinear

In the past, many researchers used the
linearization method for eliminating the nonlinear
characteristics of the various actuators [6, 9, 30–32].
Their main objective was to suppress and eliminate the
non-linear characteristics of hysteresis and
uncontrolled magnetic flux distribution in the
electromagnetic systems, which enabled the
implementation of the actuators in combination with
the traditional PID controllers. This linearization
technique offered a predetermined characteristic
data for the mover position, thrust force and the
excitation current. Though the controller was seen to
be less robust, the application of the linearization
method in the model was very reliable. Furthermore,
owing to the variation in the performances due to
different excitation current signals, the researchers
must configure the driving signals more accurately, for
improving the precision motion system with the help of
the linearization method. If the linearization method is
implemented in the SR actuators, the low cost and the
control strategy could decrease the overall expenses.

In this study, the researchers developed and
characterized the rotary SR design, described earlier
[33, 34], for acquiring the linearizer unit for a specific
design along with its related driving signal
configurations. For this purpose, they adopted a single-
excitation technique and developed a linearizer unit
for the one-step motion. They also presented an
appropriate driving signal at the self-starting position
for improving the rotary motion performance
compared to a normal step input signal. Section 2
presented the structure and the working principle of
an SR actuator; while Section 3 presents the
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experimental setup. Section 4 discusses the open-loop
characteristics of the SR actuator, which were used for
determining the linearizer units based on the rotational
motion characteristics. Section 5 presents the
configuration of the appropriate driving signals which
could be used for enhancing the dynamic motion
performance compared to the normal driving signals.
Lastly, Section 6 presents all the conclusions.

2.0 THE STRUCTURE AND THE WORKING
PRINCIPLE OF AN SR ACTUATOR

2.1 SR Actuator Structure

The SR actuator consisted of 3 distinct features; (i)
Absence of any permanent magnet; (ii) The stator and
the rotor core showed a basic geometrical structure,
and (iii) A compact size with a low excitation current.
The basic SR actuator structure is described in Figure 1,
based on all the parameters described in Table 2. As
shown Figure 1, the model consists of a stator and a
rotor core. Also, the 6 stator poles consisted of some
wound copper wires, which were color-coded, as
described in Table 3, for enabling the 3-phase
actuation process during the actual operation. The
copper wires with 5 mm thickness were used since it
could withstand the maximal excitation current that
could be applied to an SR actuator, i.e. 2A.

Figure 1 The basic structure of an SR actuator

Table 2 The configuration of the various SR actuator
parameters

Parameters Value
Stator outer radius, RSo 30 mm
Stator inner radius, Rsi 15.9 mm
Rotor outer radius, Rro 15.8 mm
Air gap thickness, g 0.2 mm
Winding number, N 60 Turns
Stack length, H 36 mm

Stator arc angle, βs 29°
Rotor arc angle, βr 40°
Rotor thickness, WRt 5 mm
Stator thickness, WSt 3 mm

Shaft hole diameter, SD 5 mm
Stator weight 325gm
Rotor weight 150g

Table 3 Labelling of the 3-phase SR actuator system
parameters

Parameter Label
Phase A
Phase B
Phase C
Stator
Rotor

The stator and the rotor core of the SR actuator
were made of the medium carbon steel material, i.e.,
S45C, with a B-H curve, as described in Figure 2. The
researchers did not use laminated silicon steel in this
study. This further decreased the SR actuator
construction costs. Additionally, the use of the carbon
steel material increased the tensile strength of the
actuator, which prevented its deformation and made
them more durable under harsh environmental
conditions. As this material did not require any
lamination, the eddy current effect was reduced by
lowering the applied current frequency, such that the
maximal applied frequency was 20Hz. This minimized
the heat generated due to the eddy currents effects
in the SR actuator.

Figure 2 A B-H curve of the medium carbon steel material,
S45C

2.2 Working Principle

Figure 3(a) describes the working principle of the
single-excitation Phase A of the SR actuator, placed at
an unaligned position, whereas the other phases, like
the Phase B and C, were set at 0A current. As
described in Figure 3(a), the flux, developed from the
excited Phase A1, could move the rotor core towards
the Phase A2 pole, because of the minimal reluctance
presented by this core. As the rotor position was
unaligned, the rotor could rotate in a Counter-
Clockwise (CCW) direction, which aligned the rotor
and stator poles shown in Figure 3(b). This rotor
remained in the assigned position, only if no external
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force was exerted and the excitation current was not
cut-off. On the other hand, if a reverse rotation
(Clockwise, CW) was needed, the C1 and C2 poles
would be excited. The CCW and CW directions were
based on the immediate rotor position, hence, the
rotational and torque characteristics, in all positions,
helped to control the actuator motion. The working
principle was based on the single-excitation SR
actuator, as described earlier [35].

(a) Unaligned (b) Aligned

Figure 3 A top view of the single-excitation, magnetic A1-A2
circuit [35]

3.0 PROTOTYPING SR ACTUATOR

The stator and the rotor core of the SR actuator were
made of the medium carbon steel material, i.e., S45C,
as described in Figure 4(a). For preventing the direct
contact of the stator with copper wire, the inner stator
surface was insulated with the help of a 0.1 mm thick
Nomex 410 thermal sheet insulation paper. Phase A
was coiled with a 0.5 mm thick copper wire (60 turns/
coil), which enabled the single-excitation
characterization. Presence of the mutual induction in
the adjacent coils would increase the saturation effect,
which highlighted their non-linear characteristics [36]
and disrupt the linearization of the single-excitation
properties. The diameter of this copper wire was based
on the maximal capacity of the permissible current, i.e.,
3A for a 0.5 mm thickness. For the similar phasic poles,
the copper coil is wound in the similar direction, i.e.,
CW, as described in Figure 4(b), for ensuring the
magnetic flux, shown in Figure 3, thereby completing
the magnetic circuit. The coils were connected in
series, wherein the input current would flow through
the Coil winding A1 and flow out through the Coil
Winding A2, as shown in Figure 5.

Top view (b) Side view

Figure 4 Assembly of the SR actuator model including the
insulation and coil winding

Figure 5 The direction of the flow of the current through the
coil winding

Figure 6 presents the general experimental setup
for characterizing the single-excitation properties. Here,
the SR actuator was assembled without any casing,
which helped in setting and monitoring its mechanical
motion. The rotor was fixed in the stator, with the help
of higher precision ball bearings, which resulted in a
frictionless rotor with a 0.2 mm air gap. Furthermore,
the stator was fixed with the help of a stator holder to
an insulated based. 2 couplings were used for
connecting the ball bearings and the rotor shaft. This
helped in preventing the use of a long rotor shaft,
which caused a bending of the shaft at its center,
because of its rotor weight, which further led to an
uneven rotation. All the holder and base materials
were made of aluminium.

Figure 6 Assembly of the complete experimental setup
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In this research, the Scancon Incremental Rotary
Encoder was implemented for measuring the output
rotary angle at the end of an actuator shaft. As the
rotor position is very important, the microscope can
ensure that the rotor was present at its assigned initial
position for every repetition as the rotor was manually
rotated. The rotor position could be adjusted using a
protractor or indicator, as described in Figure 6. Owing
to the limitations of the experimental set-up, the torque
value could be estimated using the encoder-based
rotary motion. Some studies [37] calculated the
generated torque (Nm) value, using the product of
the acceleration (rad/s2) and the rotor’s moment of
inertia (kg m2) if the rotor was operational. Therefore,
in this study, the researchers have used the technique
of second differentiation with the help of the MATLAB
Simulink software, for profiling the torque values of the
SR actuator.

4.0 MOTION CHARACTERIZATION

The researchers used the linearization method for
characterizing the various rotor positions using the
same current excitation signal, which is a step input
signal with differing magnitudes, ranging from 0A to 2A.
They nalysed the different initial rotor positions based
on the correlation of the changes seen in the
generated torque, using Equation (1) [38]:

(1)

wherein I = excitation current, θ = rotor position, while L
= varied inductance based on the overlap between
the stator and the rotor pole. The proper torque profile
could be generated from these characterizations,
which indicates all torque magnitudes with a differing
polarity (that highlights the tendency of the rotational
direction). Furthermore, the researchers configured the
rotational motion with regards to their different
positions, and thereafter, the selected position could
be used for designing the linearizer units.

4.1 Torque Characterization

Figure 7 highlights the relation between the different
rotor position, ranging from 0° to 80°, at a 10° interval,
and the excitation current, from 0A to 2A, at a 0.5A
interval. The symbol indicated the estimated values,
while the line represented the approximate curve,
which was estimated from this data. The 2 parameters
were simultaneously varied in all experiments. The
experiment was performed 20 times, for improving the
data reliability.

Figure 7 Comparison of the generated torque value after
varying the initial rotor positions

As only the Phase A was excited, the torque
generated would display an identical magnitude, but
different polarities or positions. This polarity indicated
the tendency of the rotational direction, wherein the
positive or negative values represented the CCW or
the CW direction, respectively. Figure 7 shows that the
maximal torque magnitude was noted in the 0° and
80° positions, for all the excitation current amplitudes.
Though it was an unaligned position, it still required
sufficient energy for initiating the rotation and
producing acceleration, which was further used for
generating the torque. However, this was not noted for
rotor positions between 30° and 50°, which were
considered to be a stable equilibrium position, based
on their aligned poles, as seen in Figure 8. Hence, they
showed a low rotational tendency, so that their
magnetic flux flowed effortlessly, owing to a smaller air
gap and a lower reluctance pathway.

Figure 8 The initial rotor positions for the aligned stator and
rotor poles

Generally, the unaligned position (i.e., 0° and 80°)
showed a few rotational tendencies, due to a higher
reluctance pathway. On the other hand, the data
showed an opposing effect. This property was related
to the discharging effect as the SR actuator was used
20 times for every test at a 10 s interval for decreasing
the accumulated magnetic flux inside the core.
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Hence, for evaluating the discharging performance of
the SR actuator, the researchers conducted several SR
actuator-based experiments using different test period
intervals. A maximal excitation current of 2A was
applied at the 0° rotor position, while the surrounding
temperature was controlled, wherein the temperature
difference was <1°C. Table 4 presents the flux
discharge percentage with regards to the remaining
time period. The medium carbon steel material, grade
S45C, showed a low discharge rate. Within a 7-day rest
time period, this SR actuator showed a 6.81% decrease
in the accumulated magnetic flux. On the other hand,
for a 15 min rest time period, the SR actuator displayed
a negative value, which showed that the SR actuator
did not get discharged owing to a shorter rest time
period. In many real applications, a smaller discharge
rate helps in maintaining the actuator performance for
many continuous operations, as no extra time is
needed for reaching the maximal generated torque,
as the SR actuator was operational within the
saturation area. However, it could exceed all
saturation effects if it was supplied with the current.
Hence, an appropriate driving signal was needed for
a discharge for improving the torque and all motion
characteristics during its operation.

Table 4 The SR actuator magnetic flux discharge depending
on varying rest time periods

Rest Time Period Temperature
(°C)

Torque
(mNm)

Magnetic
flux

discharge
(%)

15 minutes 21.5 22.050 -0.38
30 minutes 21.5 21.900 0.31
1Hour 21.2 21.690 1.26
1 Day 21.3 21.510 2.08
1 Week 22.3 20.470 6.81

For designing a more compact actuator model, the
researchers noted that the generated torque
performance was sufficient for many applications, like
biomedical tools, which required higher precision
motion control. This was similar to the common hybrid
stepper motor, which showed smaller actuator
properties but required an expensive permanent
magnet [39]. A high torque was not necessary for
many practical applications, as it led to a higher
overshoot and affected the electronic components
during the motion. In one study, [29] investigated the
Variable Reluctance (VR), two-finger gripper that
applied a low torque, i.e., a maximal of 50 mNm, for
generating the required 600 nM force that could
satisfy all grasping conditions.

4.2 Rotational Characteristics

For linearizing the rotational motion of the SR actuator,
the researchers measured the characteristics of the
various initial rotor positions using a single-step

response. In the case of different step input signal
magnitude values, the rotational motion constantly
changed for every repetition test, indicating the non-
linear motion behavior. Figure 9 presents the compiled
rotary motion which settles the response position with
regards to the excitation current. The researchers
noted that the maximal torque generated at 0° and
80° positions, in Figure 7, led to the maximal rotary
angle for these positions, however, they showed
opposite rotational directions. This was attributed to
the fact that the initial position was completely
unaligned, and therefore required a large rotary angle
to attain the aligned position. Since the rotor was
placed in an aligned position, between 30° and 50°,
the resulting rotary angle was very small or even
motionless. Hence, the rotor would move with a
smaller generated torque magnitude, exerted by the
rotor, since it would be in a stable equilibrium, owing to
the larger overlapping angle value between the two
poles.

For identifying the motion performance, the
researchers analysed a single response. They
investigated the parameters like the settling time (Ts),
percentage overshoot (%OS), standard deviation (σ)
and the position error as response parameters at the
initial 0° position (fully unaligned), because of the
important self-starting conditions, while applying the
intermediate current excitation magnitude of 1A at
Phase A. As the SR actuator rotated in one step for
every excitation, it helped in conducting the
observation performances, though all experimental
work had to be conducted in an open-loop. Figure 10
and Table 5 describe the single response and
performance of the rotational motion, respectively.

Figure 9 Rotational characteristics noted after varying the
initial positions and the excitation current

The characteristics indicated that the step input
signal displayed a higher % OS and settling time. This
could be due to a sudden surge of the accumulated
magnetic flux at a low discharge rate, as mentioned in
Section 4.1. This could result in the overshoot being
overwhelmed with the constant experimental work



81 Mariam Md Ghazaly et. al. / Jurnal Teknologi (Sciences & Engineering) 83:5 (2021) 75–84

being carried out. Owing to an uncontrolled magnetic
flux, the repeatable responses showed a high standard
deviation, which further decreased the reliability of a
high precision motion. Furthermore, the position error
was relatively high, in comparison to the reference
position, which was measured to determine if it was
completely aligned with the excited Phase A at the
stator and the rotor poles. This highlighted the
inappropriateness of using the step input signal, which
could be improved further using alternative driving
signal configurations.

After characterization, the researcher selected
the settling rotary angle characteristics at the initial 0°
position, shown in Figure 9, as the linearizer unit,
described in Figure 11. This was defined as the critical
self-starting condition, owing to the completely
unaligned and higher reluctance. In this study, the
linearizer unit was designed for cancelling the non-
linear characteristics of electromagnetism in an SR
actuator, and the appropriate excitation current was
predetermined for acquiring the final position. Hence,
the x and y-axis represented the rotary angles and the
excitation current, respectively. All the symbols in
Figure 11 present the measured values, whereas the
solid line presents an approximate linearizer unit. Eq. 2
presents the output function of a linearizer.

(2)

wherein; R describes the rotary angle; while the
excitation current was presented as i.

Figure 10 A single rotational response of 1A current at the
initial 0° position

Table 5 The output response characteristics of 1A current at
the initial 0°

Characteristic Magnitudes
Percentage Overshoot, %OS (°) 65.98
Settling time, Ts (s) 1.412
Standard Deviation, σ (°) 1.000
Position error (°) 1.725

Figure 11 The rotary motion characteristics at the initial 0°
position

For fulfilling all the rotary motion characteristics,
the researchers added the rotary angle of a negative
step input signal as shown in Figure 12. The SR actuator
was unaffected by all changes occurring in the
polarity of the excitation current, while the negative
amplitude led to the same direction. Hence, the
approximate line of the linearizer was mirrored with the
x-axis.

Figure 12 The linearizer unit depending on the motion
characteristics of an SR actuator with regards to the step
input signal applied

This linearizer unit was applied to a classical PID
controller as shown in Figure 13. The researchers
stipulated that the maximal excited current should
satisfy all conditions, which were below the magnitude
of i = ±2A. If a higher current was applied, which
exceeded this limitation; it could alter the motion
characteristics. Therefore, for differing SR actuator
designs, the new actuators would need a different
linearizer unit. In this study, the researchers have
proposed a novel method for linearizing any type of
rotary electromagnetic actuator. They also stated that
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for changing any of the geometrical design
parameters, like stator outer diameter, DSO, or stack
length, H, a similar linearizing method could be used.

Figure 13 Application of the linearizer unit in different control
systems

5.0 EFFECTS OF DRIVING SR ACTUATOR
SIGNAL TO MOTION CHARATERISTICS

As described in Section 4, the applied step input signal
showed a higher percentage of the accumulative
magnetic flux, because of longer constant current
periods. This affected the rotary motion performance,
decreased the precision and led to a higher overshoot
response, resulting from the non-linear characteristics.
As the rotational motion was based on the driving
signal, the off-on period of the current was seen to
improve the SR actuator reliability and resulted in a
better open-loop response performance. In this study,
the applied step input signal, with a 4s on-time period,
is known as the normal signal. Here, the researchers
compared 3 signal types, i.e., (i) Step input signal, (ii)
Sine waveform and (iii) Pulse input signals. These signals
were tested with different frequencies, wherein the on
and the off-time sequences were frequently changed
to allow for the discharging effect, though a single-
excitation current was applied. For the pulse input
signal, the duty ratio was varied with regards to the
frequency, as shown in Figure 14. Table 6 describes the
detailed on-time period.

Figure 14 A 4Hz pulse input signal parameters for varying
frequencies and duty ratios

Table 6 Assigned pulse input signal parameters for varying
frequencies and duty ratios

Frequency
On-time of
duty ratio (s)

1:2 1:4 1:8
1 0.5 0.25 0.125
4 0.125 0.0625 0.03125
5 0.1 0.05 0.025
6 0.0833 0.04167 0.0208
10 0.05 0.025 0.0125
20 0.025 0.0125 0.00625

Figure 14 presents the rotary motion characteristics of
various driving waveform signals having a similar 0°
initial position. Compared to the reference positions
(indicated in the form of a square symbol), the pulse
input signal, with an intermediate frequency, ranging
between 4 and 6Hz, displayed an irregular response so
that it exceeded the SR actuator working range,
which showed a rotary angle >120°. The researchers
stated that the resulting rotary motion was more stable
compared to other frequencies. Hence, this frequency
is prevented in actual applications, since it showed an
unpredictable motion.

The sine waveforms were incompatible for all
frequencies that produced a higher position error,
between 8° and 12°. This was higher than the
acceptable 5% position error or 3°, which was an
acceptable single-excitation value [14]. Hence, this
signal must not be included. These characteristics of
an SR actuator indicated that it was a digital actuator,
which was dependent on the fixed step signals. These
unstable rotary motion characteristics for a sine
waveform occurred because of the extreme changes
in the polarity, for the specific sine waveform signal.
This led to chaotic magnetic flux directions within the
core that were not synchronized with all rotary motions.

Since the SR actuator can be applied to the fixed
step signal, the pulse input signal with a 1:2 and 1:4
duty ratio showed the best performance. However,
owing to the instability of the pulse input signals using a
1:2 duty ratio at the intermediate frequency, the
researchers considered the 1:4 duty ratio as it
delivered a better position error for all frequencies. A
20Hz frequency showed the best performance
amongst all the applied frequencies, with an improved
normal applied step input signal characteristic, as
described in Table 7. However, this signal configuration
showed a 9.26% and 12.3% higher value of %OS and Ts
respectively. Despite these values, the characteristic
was still with the acceptable values of %OS for the
single step motion. The standard deviation showed a
higher improvement, σ=0.176 with an 82.40% reduction
compared to the step input signals, which showed a
better precision in every repetition. Additionally, it
showed a better accuracy, with a steady-state error,
ess=1.175°, which decreased by 31.88%. This value was
within the acceptable ±3°, which was known as the
general stepper motor accuracy specification.
Furthermore, the nonlinear SR actuator characteristics
were based on the driving signal. Despite its limitations,
this improved model can be further developed for
increasing the multi-excitation current, after adopting
better signal configurations mentioned in this study.
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Table 7 A comparison of the performances of the rotary
motion responses

Characteristic

Magnitudes

Step input
20Hz, 1:4
Pulse input
signal

Percentage Overshoot, %OS 65.98 72.09
Settling time, Ts (s) 1.412 1.586

Standard Deviation, σ (°) 1.000 0.176
Steady-state error, ess (°) 1.725 1.175

6.0 CONCLUSION

The SR actuator was seen to be electromagnetic,
incremental drive actuator, which displayed several
advantages like a low construction cost, owing to its
basic mechanical design, lack of a permanent
magnet, rugged structure and a faster response,
without any induction. Earlier studies focused on
developing an SR actuator for motoring applications,
which did not consider motion performances like
accuracy and precision. Hence, in this study, the
researchers investigated the ability of an SR actuator
to operate in the precision motion systems, along with
classical PID controllers. However, the SR actuator
showed highly nonlinear characteristics. For using the
SR actuator in other control systems, the system needs
to be characterized further, using a look-up table, also
known as the linearizer unit. Therefore, the researchers
have characterized the system in this study with
regards to their rotary motion properties like varying
initial positions and the excitation current value. They
observed that despite these characterizations, the
performance of a normal step input signal showed a
higher discharging effect, which affected its motion
performance. The researchers identified an
appropriate driving signal in this study, i.e., a pulse
input signal of 20Hz and a 1:4 duty ratio configuration,
which significantly improved its accuracy and
precision. This study primarily investigated the general
SR actuator characteristics to enable its application in
the precision motion systems. The researchers have
also described the structure and materials to be used
in an SR actuator, thereby describing the
characterization techniques that must be investigated
further.
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