Electrical Machines and Apparatus
UDC 621.314

https://doi.org/10.20998/2074-272X.2025.2.01

Y. Lee

Online detection of phase resistance of switched reluctance motor by sinusoidal signal injection

Introduction. Switched reluctance motors (SRMs) are widely used in various applications due to their simplicity, robustness, and cost-
effectiveness. However, the performance of SRMs can be significantly influenced by variations in their phase resistance, especially under
high current and saturated conditions. Accurate knowledge of this parameter is crucial for optimal control and efficient operation.
Problem. During operation, SRM parameters, particularly phase resistance, can vary considerably. These variations pose challenges to
control strategies that rely on precise parameter values, leading to potential inefficiencies and degraded performance. There is a need
for an effective method to monitor and identify these changes in real-time. Goal. This paper aims to develop and validate a method for
the online detection and identification of phase resistance in SRMs. The method should work under varying operational conditions
without requiring additional hardware, thereby maintaining the system's simplicity and cost-effectiveness. Methodology. The proposed
method injects a sinusoidal signal into the inactive phase of the SRM using Sinusoidal Pulse Width Modulation (SPWM) via the main
converter. The phasor method is then applied to determine the impedance of the phase circuit, from which the phase resistance can be
identified. This approach eliminates the need for extra circuits, making it an efficient solution. Results. Simulations were conducted to
evaluate the proposed method. The results demonstrate that the method can accurately track the variation in phase resistance under
different operational conditions, validating its effectiveness. Originality. The originality of this work lies in its innovative use of the
phasor method combined with SPWM for online phase resistance detection in SRMs, without the need for additional hardware
components. Practical value. This method provides a practical solution for real-time phase resistance identification in SRMs, enhancing
the reliability and performance of control strategies in various industrial applications. References 17, table 1, figures 6.
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Bcemyn. Benmunoni peakmueni osucynu (SRMs) wiupoxo sukopucmogylomucs @ pisHux cghepax 3a0sKku c8oitl npocmomi, HadiiHocmi
ma exoHomiunitl eghekmuerocmi. OOnax na npooykmusricms SRMs mooicyms cymmeso ennusamu 3minu ix ¢pazo6o2o onopy, ocooauso 6
YMOBAX CUTLHO20 CHIPYMY ma Hacudenns. Toune 3HaHHA Yb020 NApaAMempa MAe SUPIAIbHe 3HAYEHHS O ONMUMATLHO20 YRPABIIHHS
ma egpexmusnoi pobomu. Ilpodnema. I1io uac po6omu napamempu SRM, 30kpema pazosuil onip, Moxcyms 3Hauno 3minoeamucs. Li
3MiHU CMBOpIoOMb npobNeMu 0N cmpameziti Ynpaeninia, sKi NOKIA0AiombCs HA MOYHI 3HAYEHHA NapAMempis, o npuseoouns 00
nomenyituHol Heeexmugnocmi ma nocipuienns npooykmueHocmi. Icnye neobXxionicmo epexmuenozo memooy MOHIMOPUHZY ma
ioenmuixayii yux 3min y pedxcumi peanvrozo dacy. Memow cmammi € po3poOka ma nepegipka Memoody OHIAAUH-BUAGTIEHHS Md
ioenmudgixayii ¢pazoeoco onopy y SRMs. Memoo nosunen npayrosamu 6 pisHux poboyux ymosax 6e3 HeoOXIOHOCHI 8UKOPUCTHAHHS
000amK06020 00IAOHAHHS, MUM camMum 30epieaioyu npocmomy ma eKoHOMIuHY eghekmugnicmsb cucmemu. Memoodonozis.
TIpononosanuii memoo 6800ume cunycoioanvhuil cucHan y neakmuety ¢pazy SRM 3a 0onomozo1o cunycoioanbHol wupommo-iMnyacHoi
mooynayii (SPWM) uepes 2onosnuii nepemsoprosay. Tlomim 3acmocogyemucsi Memoo 6eKmMopi6é GU3HAUEHHs, IMNeOaHCy (pazo8020 Koua,
3 SIKO20 MOJICHA eusHauumu onip ¢pasu. Taxuu nioxio ycysae nompedy y 000amKosux Koax, wo pooums to2o eQexmueHUM PilleHHsIM.
Pezynomamu. /[na oyinku 3anpononogano2o memody 6yno 30iticneno moodemosanns. Pesynomamu noxazyroms, wo memoo mooice
MOYHO GIOCTIOKO8Y8amu 3MiHYy Onopy (asu y pisHuUX pobouux yMoeax, niomeepodicyiouu oo epexmugnicmo. Opuzinanvhicms yici
pobomu noiazae 6 iHHOBAYIIHOMY BUKOPUCMAHHI Memody eekmopie y noeouanni 3 SPWM ons eusnauenna onopy ¢paszu é peswcumi
peanvrozo uacy SRMs 6e3 HeoOXiOHOCI 8UKOPUCTNAHHA 000AMKOBUX anapamuux Komnonenmis. Ilpakmuuna yinnicms. Leti memoo
3abe3nevye npakmuune piwienns Ons eusHauenus onopy gasu SRMs 6 peanvnomy uaci, niosuwyrouu Haditiicms i RPOOYKMUBHICMb
cmpamezitl ynpaguints @ pisHux npomuciosux 3acmocyeéannsx. biom. 17, Tabm. 1, puc. 6.

Kniouosi cnosa: inenTudikanis napamerpis, Noaaya CUrHaJly, BeHTUJIbHUN peaKTUBHUI JBUTYH.

Introduction. In recent years, the switched assume constant phase resistance, requiring additional

reluctance motor (SRM) has experienced significant
development and has become increasingly popular due to
its robust structure and low cost, making it appealing for
both industrial and domestic applications [1-3]. However,
during motor operation, key parameters such as phase
inductance and phase resistance can vary significantly.
Parameters measured at standstill may differ from those
when the motor is running, necessitating real-time
identification of these values to ensure optimal
performance [4, 5].

A neural network-based method for SRM parameter
identification was proposed in [6—12], utilizing a more
precise circuit model that includes an extra RL branch
connected in parallel to account for saturation and losses.
This method, however, requires complex modeling and
does not directly address the need for real-time resistance
identification without additional hardware.

Modulation techniques, such as phase and amplitude
modulation, have been employed to detect rotor position
without using encoders or Hall sensors [13—17]. These
techniques leverage phase inductance information but

circuitry such as signal generators, amplifiers, and resistors,
which add bulk and complexity to the motor drive. While
effective, these methods are not ideal for applications
where compactness and cost are critical concerns.

Purpose of the work. This paper proposes a novel
method for detecting variations in the phase resistance of
SRMs in real time. Unlike previous approaches, our
method does not require additional hardware; instead, it
utilizes the existing main converter to inject a small
sinusoidal signal during the negative inductance slope
region of the unenergized phase. By adjusting the signal
frequency to make the inductive reactance comparable to
the phase resistance, this method enhances the sensitivity
of resistance detection.

Proposed online detection method of phase
resistance of SRM. The phase resistance of a SRM is
typically measured when the motor is not in operation. This
is done by connecting the phase terminals to a dedicated
instrument. After obtaining the phase resistance, the

Electrical Engineering & Electromechanics, 2025, no. 2

winding is disconnected from the instrument and
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reconnected to the main converter to drive the motor.
Knowing the phase resistance is crucial for various
applications, including calculating copper loss, determining
flux linkage, and performing sensorless control. However,
this offline measurement method cannot be applied while
the motor is running. Moreover, the phase resistance may
change significantly during operation, especially under
high load conditions. Relying on the value measured at
standstill may lead to inaccurate calculations, as the
resistance might have varied. Therefore, it is essential to
measure the phase resistance online.

To achieve online detection of the phase resistance,
a low-amplitude sinusoidal voltage is injected into the
inactive phase of the motor — meaning the phase that is
not currently contributing to torque during the inductance
falling region. The resulting small current in the inactive
phase produces a minimal negative torque, which has
negligible impact on the overall motor performance.
Assuming that the self-inductance and resistance of the
phase remain constant over a short period, the circuit
model of a motor phase can be represented as a first-order
RL circuit with an alternating voltage source, inductor,
and resistor in series (Fig. 1).
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Fig. 1. One-phase model of SRM

The voltage equation for a single-phase circuit can
be expressed as:
ult)=Ri(t)+dy/de, (1)
where u is the phase voltage; R is the phase resistance; i is
the phase current; y is the flux linkage. Under unsaturated
conditions, the flux linkage can be expressed as:
w(t)=Li(), 2
where L is the phase self-inductance. Substituting (2)
into (1), the voltage equation becomes:

u(t):Ri(t)+L%. 3)
If a sinusoidal voltage is applied, it can be described as:
uy(t)=~N2U cosl2r- £ 1+, ), )

where Uy, f, ¢, are the RMS value, the frequency and the
phase angle of u,, respectively.

Since the voltage u, is chosen as the reference, ¢,
equals 0. It should be noted that, in practice, the actual
voltage applied to the phase is a pulse width modulated
voltage, whose effect is equivalent to that of the
sinusoidal voltage described above. The resulting current
in the circuit is expected to take the form:

i(t)zﬁlcos(27r-f-t+¢,~), %)
where 7 and ¢; are the RMS value and phase angle of i,

respectively.
The magnitude of the circuit’s impedance Z is given

lz|=U /1=y R* + X, (6)

where X; =27z fL is the inductive reactance.

by:

The phase resistance R can be determined as:

2
fU
R= —I; -x7 . @)

Alternatively, the resistance can also be calculated
using the impedance angle ¢ as follows:
R=|Z|cos;0, )]

where @ is the phase shift between the applied voltage and
the resulting current.

It is important to note that the variable resistor in the
circuit model (Fig. 1) indicates that the resistance may
differ from the value measured at standstill, though it is
assumed to be constant while solving the sinusoidal
circuit. The response current in this time-invariant circuit
will also take on a sinusoidal form.

As illustrated in Fig. 2, both the amplitude and angle
of the impedance will change if the phase resistance
varies during motor operation.
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Fig. 2. Change in impedance due to variation in phase resistance

The phasor diagram of the circuit (Fig. 3) highlights
that any change in phase resistance during motor
operation will result in variations in the angle and
amplitude of the response current vector.

I(R+ AR)

LR
Fig. 3. Phasor diagram of the single-phase circuit

The sinusoidal voltage injection can be performed
using the main converter. In this study, a full-bridge
converter is employed to drive the SRM, as depicted in
Fig. 4. This converter allows phase current to flow in both
directions. The sinusoidal voltage is injected using
Sinusoidal Pulse Width Modulation (SPWM) technique,
where a bipolar triangle wave serves as the carrier wave
and the desired sinusoidal voltage acts as the signal wave.

Full-Bridge
Rectifier Converter
i +
AC~ “—Upc| |

[e—

Fig. 4. SRM drive system utilizing a full-bridge converter

The selection of the sinusoidal voltage frequency is
critical for the effectiveness of the proposed phase
resistance detection method. The frequency must be high
enough so that the phase self-inductance remains
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constant, thereby validating the simplified circuit model
shown in Fig. 1. However, the frequency should also be
chosen such that the inductive reactance is comparable to
the phase resistance. This balance ensures that any
variation in phase resistance results in a noticeable change
in the phase and amplitude of the response current,
leading to improved sensitivity in detecting phase
resistance changes.

Simulation results and discussion. To validate the
effectiveness of the proposed online phase resistance
detection method for a SRM, simulations were conducted
using  MATLAB/Simulink. The motor used in the
simulation is an outer rotor type SRM, with key
dimensions provided in Table 1.

Table 1
Outer rotor SRM parameters

Parameters Value
Number of phases 3
Pole combination 6/4
Stator outer radius 51 mm
Stator inner radius 20 mm
Stator yoke 15 mm
Stator pole arc 28°
Rotor outer radius 95 mm
Rotor inner radius 52 mm
Rotor yoke 15 mm
Rotor pole arc 32°
Stack length 50 mm
Turn number/pole 150

The motor operates at a low speed during the
simulation. Once the tail current diminishes completely to
zero, a 100 Hz SPWM voltage is injected into the phase
during the negative inductance slope region. The
reference signal for this injection is a 100 Hz sinusoidal
wave with a RMS value of 5.55 V. Initially, the phase
resistance is set at 2.56 Q.

Before any change in resistance, the simulation
results are depicted in Fig. 5. As expected in an inductive
circuit, the response current lags behind the applied
voltage. The current is small, with an RMS value around
1.15 A, producing only a negligible amount of negative
torque. The rotor position is approximately 39°, where the
inductance is around 6.5 mH. The resistance, calculated
using (8), is found to be 2.57 Q, which is within 1 % of
the actual resistance value, demonstrating high accuracy.

When the phase resistance is doubled to 5.12 Q, the
simulation is repeated at the same rotor position of 39°.
The results are shown in Fig. 6. Due to the unsaturated
state of the circuit and the unchanged rotor position, the
inductance remains constant at 6.5 mH. The impedance
change is solely due to the increase in the resistive
component. The figure reveals that the response current
exhibits a smaller phase shift relative to the applied
voltage and a reduced RMS value of approximately 0.85
A, compared to the previous simulation. This reduction in
current amplitude indicates a change in phase resistance.
The resistance calculated from (8) is 5.11 Q, closely
matching the actual resistance value.

These simulation results clearly demonstrate that the
phase resistance information is effectively encoded in the
sinusoidal response current. Consequently, the proposed
method is capable of accurately extracting this

information to detect and monitor variations in phase
resistance in real-time.
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Fig. 5. Simulation results with the initial resistance
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Fig. 6. Simulation results with the modified resistance

Conclusions. This paper presents a method for
detecting phase resistance in switched reluctance motors
(SRMs) using sinusoidal voltage injection via the main
converter. Unlike conventional methods that require
external instruments and can’t monitor resistance changes
during operation, this approach enables real-time detection,
especially in high-current and saturated conditions.

By injecting a finely tuned sinusoidal-equivalent
PWM voltage into the inactive phase, the method
accurately identifies phase resistance through impedance
or current analysis, without the need for additional
circuitry.

Future prospects. Further research could focus on
optimizing frequency tuning for greater detection
accuracy under varying conditions and validating the
method experimentally on physical SRM systems.
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Additionally, integrating this detection method with
advanced control strategies and expanding it to monitor
other parameters like phase inductance could significantly
enhance the performance and reliability of SRMs in
industrial applications.
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