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Abstract. This work addressed the relevance of utilising a switched reluctance drive in unmanned aerial vehicle
(UAV) designs. This approach aimed to enhance the reliability of the electric drive system and reduce its cost
by eliminating expensive permanent magnets. The objective of this study was to compare various motor types
as power drives for electric-powered UAVs. This comparison was based on key operational characteristics of
the motors and their reliability levels. The stated goal was achieved using mathematical analysis methods and
subsequently implementing the developed models in specialised software. The switched reluctance motor model
is based on a magnetic field model of its magnetic system, which in turn relies on the integral equations method.
The results of the mathematical modelling were used to generalise the potential applications of this type of
drive for specific traction purposes. The paper presented a mathematical model of an external rotor switched
reluctance motor designed within the dimensions of a standard brushless DC motor. This model was implemented
in specialised software. The obtained characteristics of the developed motor satisfy the necessary requirements
for drone propulsion system parameters. The proposed approach for evaluating the feasibility of using switched
reluctance motors as traction drives in UAV systems, along with the analysis performed using the developed
mathematical model, demonstrated the prospects of such a solution. The results obtained in this work can be used
in the development of an alternative drone electric drive system based on reluctance machines without the use
of permanent magnets

Keywords: electric-powered drones; operational characteristics; reluctance motors; alternative to permanent
magnet motors

Introduction

Electric-powered unmanned aerial vehicles (UAVs) transport routes, cargo transportation, military recon-
are rapidly developing and gaining popularity in vari-  naissance, search and rescue operations, territory sur-
ous fields. These include aerial photography, scanning  veillance, monitoring, and processing of agricultural
of the Earth’s surface and geotechnical objects, mon-  land, among many others. For this reason, the develop-
itoring of engineering structures, communications, ment of a highly efficient and reliable UAV drive with

Suggested Citation:
Tytiuk, V., & Vlasenko, V. (2025). Prospects of applying switched reluctance drives with outer rotor in unmanned aerial vehicles.
Journal of Kryvyi Rih National University, 23(2), 137-143. doi: 10.31721/2306-5451-2025-2-23-137-143.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0003-1077-3288
https://orcid.org/0000-0001-8629-2486
https://journal-knu.com.ua/en

38R

Prospects of applying switched reluctance drives...

improved characteristics compared to current solutions
is a pressing task.

In the field of aircraft drive applications, switched
reluctance motors (SRMs) can fully compete with BLDC
motors. SRMs offer the advantage of eliminating the
need for neodymium magnets while retaining the core
benefits of DC motors, which SRMs also possess. Nu-
merous studies compare switched reluctance motors
and brushless DC motors for diverse applications. For
instance, between 2020 and 2025, the use of such mo-
tors for vehicles-cars, trams, scooters, etc. has been
actively explored. For example, G. Watthewaduge &
B. Bilgin (2023) presented work detailing the method-
ology and results of designing a switched reluctance
motor for the NASA Maxwell X-57 aircraft drive. The
paper reported high performance indicators based on
calculated characteristics using a magnetic equiva-
lent circuit. Y. Lan et al. (2021) noted the high poten-
tial of using SRMs for vehicle drives, provided relevant
mathematical models, and investigated the design of
a segmented motor for an automotive drive. S. Patil et
al. (2023) conducted a study comparing various mo-
tor types, including SRMs, in laboratory conditions for
use as an electric vehicle drive. The main drawback of
known research is the lack of theoretical and practi-
cal results for external rotor SRMs, which presents a
significant specific consideration for SRM use in UAVs.
X. Sun et al. (2024) proposed product design optimi-
sation methods centred around the product’s intend-
ed application. These methods were based on the idea
that product design should be tailored to the specif-
ic requirements of its intended use, rather than being
optimised for a general set of specifications. This work
presented an application-oriented design optimisation
method for drive systems with SRMs, considering vari-
ous operating modes. An example of an SRM applied in
an electric vehicle and a UAV is discussed. For specific

applications, additional optimisation concepts, such as
multi-mode optimisation and correlation analysis re-
garding numerous motion cycles, were introduced.

Despite the fairly wide range of research on the
application of switched reluctance motors in UAVs,
the issue of external rotor SRM investigation, which is
necessary for UAVs, is concluded to have not been suf-
ficiently covered. The purpose of this work was to de-
velop a mathematical model of external rotor switched
reluctance motors as a UAV traction drive and to sub-
stantiate the possibility of ensuring the required oper-
ating characteristics.

Materials and Methods

Developing a mathematical model of an external rotor
SRM involves several steps. First, the dependence of the
phase inductance on the angular position of the exter-
nal rotor is determined by analysing the electromag-
netic fields in the cross-section of the SRM’s magnetic
system. For the investigation of the designed motor, the
electromechanical processes were modelled using the
methodology proposed by S. Tolmachov et al. (2010).

To study the electromagnetic field of the SRM’s
magnetic system, the integral equations method was
used. This method was chosen due to its distinct advan-
tages over others: limiting the calculation area to only
the magnetic core, which significantly simplifies com-
putation, and allowing for a relatively straightforward
consideration of crucial magnetic system factors such
as nonlinear anisotropy, vector hysteresis, magnetic vis-
cosity, and more. A key design criterion for the reluc-
tance motor in this study was adhering to the mass and
size specifications of a permanent magnet BLDC motor,
which served as the original benchmark. The reference
BLDC motor was the T-Motor model MN3510-15, wide-
ly used in multicopter construction. The main charac-
teristics of this motor are presented in Table 1.

Table 1. Characteristics of the permanent magnet brushless DC Motor MN3510-15

Rotor Type External
Type Designation 3,510
KV Rating (RPM/Volt) 630
Configuration 12N14P
Stator Diameter 35 mm
Stator Stack Length 10 mm
Shaft Diameter 4 mm
Motor Casing Dimensions 41.8 mm x 28.5 mm
Supply Voltage 11.1-148V
Max Continuous Current (3 min) 22 A
Max Continuous Power (3 min) 495 W
Internal Resistance 65 MOhm
Weight 97 g

Source: authors’ development based on MN3510: Introduction of MN series (n.d.)

The development of the SRM mathematical mod-
el and the investigation of the dynamic properties

of the external rotor SRM were performed using
MATLAB/Simulink/Simscape/Electrical. Calculations
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of the electromagnetic fields using the integral equa-
tions method were implemented in MATLAB with
the PDE Toolbox.

Results and Discussion

A number of technical requirements are imposed on
UAV electric drives, which, according to M.E. Abdol-
lahi et al. (2023), include high reliability, satisfactory
mass-dimensional characteristics, high energy perfor-
mance, and high-speed responsiveness in regulating
rotational speed. Currently, the primary electric drive for
UAVs is the synchronous motor with permanent mag-
nets (BLDC, PMSM). However, the use of BLDC also has
its drawbacks. The failure of even one phase in the con-
verter leads to motor shutdown and causes the loss of
the entire UAV. The application of permanent magnets
in UAV drive motors introduced risk factors that nega-
tively affect UAV reliability. For instance, high operat-
ing temperatures of the motor and current overloads

reduce the service life of the magnets or even lead to
their complete demagnetisation. Furthermore, the neo-
dymium magnets used in brushless motors are expen-
sive, which increases the overall cost of the motor.

Within the framework of developing switched
reluctance electric drive systems for aircraft, the fol-
lowing range of tasks becomes relevant: field analysis
of electromagnetic processes in switched reluctance
machines; construction of mathematical models for
reluctance electric drives, considering various factors
under certain adopted assumptions; and experimen-
tal confirmation of the reliability of the developed
mathematical models and proposed design solutions.
Focusing on the geometric parameters presented in
Table 1, a switched reluctance motor was developed
in this work. The main characteristics of its magnetic
system are presented in Table 2. The field distribution
in the cross-section of the external rotor SRM is shown
in Figure 1 in the form of flux lines.

Table 2. Characteristics of the Switched Reluctance Motor Magnetic System

Rotor Type External
Number of Stator Poles 12
Number of Rotor Teeth 16
Stator Diameter 33.4 mm
Outer Rotor Diameter 42 mm
Air Gap 0.3 mm
Stator Stack Length 10 mm
Shaft Diameter 4 mm
Number of Turns per Stator Pole 40
Phase Resistance 0.5 Ohm
Maximum Continuous Power 500 W

Source: authors’ development

Figure 1. Electromagnetic field distribution in the motor’s cross-section

Source: authors’ development
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Based on the field-oriented mathematical mod-
el, the phase inductance was calculated as a function
of the rotor’s angular position, which is presented in
Figure 2. The calculation of phase inductance was per-
formed according to the expression:
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where @ =[Bdl - magnetic flux passing through the
cross-section of the stator pole; B - magnetic in-
duction in the cross-section of the stator pole; w -
number of turns per phase; / - current value in the
phase coil.

The calculated values of phase inductance were
approximated by a Fourier series and are presented as
an analytical relationship L(8). This relationship was
then used in the motor’s mathematical model in the
form of a system of differential equations:
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where k=1...m - phase number; u,, i, - correspond-
ingly, the voltage and current of the k-th phase; 0, -
angular position of the rotor relative to the k-th ph
ase; R - Active resistance of the phase winding; M_-
static load torque; M, - electromagnetic torque of the
motor; / - moment of inertia; w - angular rotational
speed of the rotor.

Itis worth noting that this system of equations, in its
principle, corresponds to mathematical models present-
ed by many researchers, notably V. Tkachuk (2006). The
implemented mathematical model is shown in Figure 3.
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Figure 2. Phase inductance as a function of rotor angular position

source: authors’ development
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Figure 3. Structural diagram of the SRM mathematical model in the simulink matlab environment

Source: authors’ development
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The results of the motor's modelling process in  phase inductance corresponds to the graph calculated
steady-state operation are shown in Figure 4. The based on the field model (Fig. 2).
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Figure 4. Diagrams of motor voltage, current, torque, angular speed, and inductance at a static load of 0.1 Nm
Source: authors’ development

Using the developed SRM mathematical model in  developed with mass-dimensional indicators matching
the form of a generalised electromechanical converter, the original BLDC widely used in UAVs.
the start-up and steady-state operating modes of the The conducted analysis showed that the designed
external rotor SRM were calculated. The electromag-  external rotor SRM fully conforms to existing solutions
netic torque developed by the motor exhibits a pulsat-  in terms of its dimensional parameters and can be in-
ing periodic nature with an average value equal to the  tegrated into existing UAV systems. The output power
static load torque. The currents in the motor phases are  values correspond to the level of traditional BLDCs,
symmetrical, showing distinct rising and falling sec- confirming the expediency of using SRMs under sim-
tions, which is characteristic of this power supply mode. ilar operating conditions. The elimination of neodym-
The rotational speed of the motor rotor is stable at ium permanent magnets from the design contributes
530 rad/s, with minor pulsations. to reduced cost and increased operational reliability

Within the scope of this study, a mathematical of the drive. These aspects were also emphasised in
model of an external rotor SRM was developed and an-  the work by H.K. Shashikiran (2015). The results of the
alysed, corresponding to the mass-dimensional param-  mathematical modelling confirmed the stable opera-
eters of a permanent magnet BLDC motor. The obtained  tion of the motor with predictable torque fluctuations
results confirm the feasibility of using SRMs in UAVs as  that do not critically impact UAV functionality at high
an alternative traction drive.As recommended by R.Se-  rotational speeds. The simplified rotor design and the
hab et al. (2021), this study utilised a two-dimension-  absence of elements sensitive to external factors en-
al field model in the motor’s cross-section. However, sure stable operation even under challenging operat-
unlike in the aforementioned work, here an SRM was  ing conditions.
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Therefore, this work proposed to enhance the reli-
ability of FPV drones by replacing existing BLDC with
an external rotor SRM. This SRM offers significantly
better reliability indicators compared to BLDC motors,
as well as lower cost and improved mass-dimensional
characteristics.

Conclusions

In this work, based on the developed model, the fea-
sibility of creating and practically using a SRM that
can compete with permanent magnet BLDC motors
has been demonstrated. This comparison was made
based on the motors’ mass-dimensional characteris-
tics, while ensuring compliance with necessary op-
erational parameters such as power level, rotational
speed, and so forth. It is important to note that the
designed SRM was built to the same dimensions as
the original BLDC and features an identical external
rotor design. These factors are crucial when seeking

the closest possible analogue for replacement. As
a result, it can be concluded that this switched re-
luctance type motor can be used as a drive for un-
manned aerial vehicles, such as multicopters, in place
of BLDCs. Future research should focus on thermal
analysis in various motor operating modes, the de-
velopment of a power phase commutation module,
and a motor control system. These advancements are
necessary to ensure a complete and integrated elec-
tric drive for UAVs.
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AHoTaujif. AkTyanbHicTb po6OTM MONATAE Y NepCreKTUBHOCTI BUKOPUCTAHHSI BEHTUJIbHO-iHAYKTOPHOrO NMpUBOAA B
KOHCTPYKLii 6e3MinoTHMX NiTanbHUX anapatiB 3agns NiABULLEHHS HAAIMHOCTI CMCTEMM eNeKTPOonpuBOAA Ta MOro
3[0ELEBNEHHS LWASXOM BUK/OYEHHS BMCOKOBAPTICHMX MOCTIMHUX MarHitiB. MeTol JAHOrO [O0CHiOXeHHs 6yno
MOPIBHSHHS Pi3HUX TUMIB ABUIYHIB B SKOCTi CUI0OBOr0 NpuBOAa 6e3ninoTHUX NiTanbHMX anapaTiB Ha eNeKkTPUYHIN
T53i. [TOPiBHAHHS BUKOHYBANOCh, 6a3ytounCb Ha OCHOBHUX €KCMyaTaLiMHUX XapaKTePUCTUKAX ABUTYHA TA PiBHS MOr0O
HagivHocTi. [JocarHeHHs nocTaBneHoi MeTu B pobOTi 34iMCHIOBANOCh i3 BUKOPUCTAHHSAM METOZAIB MaTeMATUYHOIO
aHanisy 3 nojanblwor peanisauierd po3pobneHnx Mofenerd B CepefoBMLLi CreLianizoBaHOro MnporpamMHoro
3abe3neyeHHsl. B 0CHOBI Mogeni BEHTUIbHOMO-iHAYKTOPHOrO ABUIyHa 3aKNajeHa MoAenb Noas MOro MarHiTHOI
cucTeMu, Wwo 6a3yeTbCs HAa MEeTofi iHTerpanbHUX piBHSAHb. Pe3ynbTatv MaTeMaTUYHOrO MOAENBAHHS BUKOPUCTaHI
ONa y3arasbHEHHS MOXIMBOCTEW 3aCTOCYBaHHS OAHOrO0 TUMY MPUMBOAA SK TArOBOro MEBHOr0 Npu3HauveHHs. B
poboTi nNpvBeneHa MaTeMaTU4HA MOAENb BEHTU/IbHO-iIHAYKTOPHOIO ABWMIYHA i3 30BHILUHIM pOTOPOM B rabaputax
CTAHAAPTHOrO BEHTU/IBHOTO 6E3KONEKTOPHOIO ABUIYHA, BUKOHAHO ii peanisalito B cnewjianizoBaHOMY NporpaMHoMy
3abe3neyeHi. OTpMMaHi xapakTepuCTUKM po3pobaeHoro ABMryHa 3abe3nedytoTb HEOOXiAHI BUMOTU, LLO BUCYBAKOTHCS
[10 napameTpiB poboTH NPUBOAHUX ABUTYHIB APOHIB. 3aNpPONOHOBAaHMIA NiaXig A0 OLIHKM MOX/IMBOCTI BUKOPUCTAHHS
BEHTWUNbHO-IHAYKTOPHUX ABUIYHIB SIK TATOBUX B CMCTeMax 0e3MifioTHUX NiTaibHUX anapaTiB, @ TAaKOX BUKOHAHWUM
aHani3 i3 BMKOPUCTAHHAM pO3p0b/ieHOT MaTeEMATUUYHOI MOLENi [EeMOHCTPYE MepCrneKTUBHICTb TaKoro pilleHHSs.
OTpuMaHi B poboTi pe3ynsTaT MOXyTb 6yT1 BUKOPUCTAHI NMpu po3pobLii anbTepHATUBHOI CUCTEMM eNeKkTPonpuBoAa
[LPOHIB Ha OCHOBI iHAYKTOPHMX MallMH 6e3 BUKOPUCTAHHS NOCTIMHMX MarHiTiB

KatouoBi cAoBa: apoHM 3 enekTpoaBMIyHaMK; eKcnayaTaLiiHi xapakTepucTuku; peakTUBHI ABUIYHW; afbTepHaTUBa
[BUIYHaM 3 MOCTINHMMKM MarHiTamu
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