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 Brushless DC (BLDC) motors are widely used in applications where high 

efficiency is crucial. With advancements in permanent magnet technology, 

BLDC motors are increasingly suitable for high-torque applications such as 

residential elevators. Known for their high efficiency, low maintenance, and 

excellent controllability, BLDC motors are ideal candidates for this research. 

However, the challenge lies in identifying the most efficient rotor structure 

that can deliver the required torque for residential elevator applications while 

maintaining cost-effectiveness and compact design. This paper addresses 

this problem by simulating various rotor types of BLDC motors using the 

finite element method (FEM), Ansys Maxwell. four different rotor structures 

have been analyzed to evaluate their back electromotive force (EMF) and 

torque. The model generating the highest torque will be selected for 

manufacturing as a motor for residential elevators. Among the models 

studied, BLDC-ERA rotor structures produced the highest torque of 28 Nm, 

while BLDC-HR type generates the lowest torque. To ensure practicality 

and cost-effectiveness of installing elevators in double-story houses or 

smaller residences, the selected motor must be compact and affordable, 

enabling senior citizen to maintain their independence. This research not 

only aids other researchers in designing suitable motors for elevator 

applications but also contributes to societal well-being by promoting 

accessibility and independence for the elderly.  
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1. INTRODUCTION  

The evolution of urban living has placed a significant emphasis on the development of efficient and 

reliable residential infrastructure. Elevators, as a critical component of multi-story buildings, necessitate 

advanced motor technologies to meet the modern living [1]. Nowadays, most housing developers tend to 

build double-storey or even higher landed houses [2], [3]. Therefore, a small-size and low-cost elevator 

system called domestic elevators is required in order to make sure it is affordable and practical to be installed 

at least for a double-storey house to promote independent living to the elderly. Residential elevators play a 

crucial role in enhancing accessibility and convenience within modern homes, offering vertical transportation 

solutions for individuals with mobility challenges and optimizing space utilization [4]. The motor system 
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employed in residential elevators significantly influences their performance, robustness, reliability, and 

energy efficiency [5], [6]. There are several types of motors that can be used as the domestic elevator system 

electric motor, including linear motors and rotational motors. The current domestic elevator system uses 

either rotational type induction motors (IM) or permanent magnet synchronous motors (PMSM) as the 

electric motors [7]. The use of the IM or the PMSM requires additional room called the motor room that is 

located near the motor and its control panel. Usually, an additional floor is required on top of the top floor, 

which is uneconomical in terms of space occupancy. Based on some studies, the conventional elevator 

system occupies about 30% of the total floor space for buildings over 250 meters tall [8]. 

Commonly, they used the traditional induction motors as an electric motor for residential elevators 

[9]–[13]. Despite being very common, the traditional induction motors frequently lack precise control and 

energy efficiency. As a consequence, brushless DC (BLDC) motors present a better option due to their high 

efficiency, low maintenance, and remarkable controllability. BLDC motors, characterized by their electronic 

commutation and absence of brushes, reduce friction losses and wear, making them highly durable and 

efficient. Because of these features, BLDC motors are especially well-suited for applications where energy 

efficiency and reliable performance are critical [14]–[17]. BLDC motors offer an attractive solution for 

residential elevators that need smooth operation, accurate speed control, and reliable torque output under a 

range of load conditions. 

There are some researchers designing an electric motor that is suitable for an elevator system. In the 

research by Amini et al. [18] involves designing two types of permanent magnet (PM) motors for use in an 

elevator system and analyzing their significant failure modes for lifetime analysis. The authors state that 

while induction motors (IMs) are commonly used in elevators, PM motors could be a suitable alternative due 

to their efficiency, controllability, and power density. The authors compared between interior IPMSM and 

PM-assisted synchronous reluctance motor (PMA-SynRM) in terms of reliability and lifetime. The results 

suggest that PMA-SynRM has higher fault tolerability and reliability than the IPMSM in the same operating 

time. Therefore, the authors recommend the PMA-SynRM for elevator usage from a reliability viewpoint. 

However, they also note that the PMA-SynRM has manufacturing challenges and higher torque ripple 

compared to IPMSM. Yetis et al. [19] discussed the proposed gearless elevator system driven by IPM 

compared to surface-mounted PMSM (SPM). The IPM motor with ferrite magnet and NdFeB NdFeB-based 

SPM motor have been comparatively investigated. Different slot/pole combinations and the number of flux-

barrier layers in the IPM motor are analyzed to reduce torque ripple while minimizing cost and weight. The 

results suggest that gearless elevator systems driven by PMSM are more advantageous in all respects, even if 

the efficiency of ferrite-based designs is low. The most economical solution for a gearless elevator system 

driven by PMSM is the Ferrite based on IPM motors. 

Another research by Avsar et al. [20] discussed the design and optimization of a 4.5 kW inner rotor 

permanent magnet synchronous motor (PMSM) with 400 rpm nominal speed for a belt drive elevator system. 

The authors aimed to design a motor that provides efficiency and passage comfort, two critical criteria in 

elevator traction motors. The authors used electrical and magnetic modelling of PMSM and optimized 

parameters such as the slot opening, magnet thickness, embrace, stator tooth thickness, and air gap using the 

2D Finite Element Method (FEM) and genetic algorithm. The authors also highlighted that using gearless 

PMSMs instead of induction motors with gears in the elevator system can save about 30%-50% energy. This 

has led to an increase in the usage rate of gearless PMSMs in the industry.  

In research by Bakhtiarzadeh et al. [21] design PMSM can significantly increase the efficiency of 

elevator systems and reduce mechanical tension. The paper presents a comprehensive design of a PMSM for 

gearless elevators using the FEM. The authors analyze and evaluate various aspects of the motor design, such 

as fractional pitch slots, the number of slots, and harmonic components. They also compare the performance 

of their newly designed motor with an existing 4 kW PMSM in the market by analyzing and comparing the 

torque and efficiency performance of both motors using simulation and test results. They propose a new 

winding design and validate its performance through FEM and analytical calculations. In conclusion, the 

authors suggest that well-designed PMSM can offer a more efficient and environmentally friendly alternative 

to traditional elevator systems, and that further optimization of motor design can lead to even better 

performance. 

Based on previous researchers, most of them design electric motors for elevator applications using 

PMSM. Thus, it will be the research gap for this research. The advantage of PMSM for elevator application 

is smooth operation, like torque, lower noise, and precise speed control, but difficult to control like a BLDC 

motor [22]–[24]. However, since there hasn’t been much research on BLDC motors for elevator applications, 

this paper will concentrate on BLDC motors since the construction between PMSM and BLDC motors is 

quite similar. The advantage of the BLDC motor compared to the PMSM motor is smooth speed control and 

less maintenance cost [25], [26]. In terms of cost efficiency, BLDC motors generally have a simpler design 

and control mechanism, thus it will be more cost-effective compared to PMSM motors. Other than that, 
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BLDC motors are typically more compact and lighter than PMSM motors, which can be beneficial in 

residential elevator applications where space and weight are critical factors.  

In this paper, there are four types with different rotor structures of BLDC motor have been analyzed 

for residential elevator applications. FEM is used as a tool to solve electromagnetic field problems for given 

models with appropriate materials, boundaries, and source conditions, applying Maxwell’s equations over a 

finite region space (Ansys 2016). As mentioned by [27], [28], FEM can provide magnetic analysis with high 

accuracy because it gives an approximation on a microscopic scale. The simulation result of back 

electromotive force (EMF) and torque had been identified for such an investigation. Based on the result, the 

model that produced the highest torque will be chosen to be fabricated as a motor for a residential elevator. A 

small-size and low-cost elevator, called a domestic elevator, is required in order to make sure it is affordable 

and practical to be installed in at least a double-storey house to promote independent living to the elderly. 

 

 

2. RESEARCH METHOD 

2.1. Basic structure 

The basic structure of a BLDC motor is shown in Figure 1. It consists of two main parts, which are 

the stator and rotor. There are four types of BLDC motor with different rotor structures as shown in  

Figures 1(a)-1(d), which are BLDC-ERA, BLDC-ERT, BLDC-HR, and BLDC-SR. The BLDC-ERA and 

BLDC-ERT are both embedded rotor types, but the difference is the material. The advantage of embedded 

rotor types is that it has a structure. Other than that, it will produce lower torque ripple and can produce high 

efficiency. Meanwhile, the BLDC-HR is a hollow rotor, and the BLDC-SR is a slotted rotor design. The 

BLDC-ERA models differ in that one uses an aluminum rotor while the BLDC-ERT uses a transil for the 

rotor. Meanwhile, the BLDC-HR is a hollow rotor structure. The hollow rotor will have a lightweight design, 

which can reduce the overall weight of the motor, but the limitation is that these rotor types might exhibit 

higher torque ripple, leading to less smooth operation for the elevator. The material for this rotor is made 

from non-oriented silicon steel M250-35A with a lamination thickness of 0.5 mm each. Lastly, the BLDC-SR 

is a slotted rotor. The material for this rotor is the same as BLDC-HR, which is made up of non-oriented 

silicon steel. The slotted rotor BLDC motor can produce higher torque, but the disadvantage is it produces 

higher torque ripple as well. So, it will lead to less smooth operation of the elevator system. All of this BLDC 

motor is simulated for a residential elevator application. The stator consists of coils and lamination of slots, 

while the rotor comprises a permanent magnet. The stator is the stationary part where whereas the rotor is the 

rotating part of the motor. The BLDC motor is designed for 18 slots and 20 poles arranged in three-phase. 

The permanent magnet is arranged back to back to each other so that the magnetization direction will be 

symmetrically distributed [29]. 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

 

Figure 1. Basic structure of BLDC motor with different types of rotor structures:  

(a) BLDC-ERA, (b) BLDC-ERT, (c) BLDC-HR, and (d) BLDC-SR 
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Table 1 shows the material for the stator, rotor, and permanent magnet for each type of BLDC 

motor. Some of the rotor structures are made up of either ferromagnetic or non-ferromagnetic material. It is 

still necessary to fix the mechanical air gap even though the rotor’s material is different. It is to make sure 

every model has the same amount of magnetic energy. Figure 2 shows the B-H curve for non-oriented silicon 

steel M250-35A. It shows that the ratio of flux density to field strength (B/H) is not constant but varies. The 

flux density increases in proportion to the field strength until it reaches a saturation value. The flux density 

saturation for this material is about 2.0 Tesla. But to achieve an optimum result, 1.5 Tesla is the best 

selection. This B-H curve is imported into Ansys Maxwell properties. Table 2 shows the motor specification 

of the BLDC motor for this research. Since this research is focusing on a lab scale, the target torque 

specification for this motor is 25 Nm. The lab scale is designated at a ratio of 1:6 from the actual size.  

 

 

Table 1. Material for parameter BLDC motor 
Parameter BLDC-ERA BLDC-ERT BLDC-HR BLDC-SR 

Stator Non-oriented silicon steel (M250-35A) 

Rotor Non-ferromagnetic Ferromagnetic Ferromagnetic Ferromagnetic 

Permanent magnet Neodymium Boron Iron (NdFeB42) 

Coil Copper 
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Figure 2. Non-oriented silicon steel M250-35A B-H curve 

 

 

Table 2. Motor specifications used in simulation 
Item Unit Value 

Outer diameter stator [mm] 300 

Outer diameter rotor [mm] 149.2 
Permanent magnet volume [m3] 8.112×10-5 

Number of turn  200 
Copper size [mm] 1.0 

Stack length [mm] 26 

Mechanical air gap [mm] 1.0 
Rated torque [Nm] 25 

Rated voltage [V] 36 

Maximum current [A] 10 
Rated power [W] 360×3 

Rated speed [rpm] 30 

Efficiency [%] 98-99 

 

 

2.2.  Parameter for analysis 

In this research, the BLDC motor is modeled using SolidWorks software and analyzed using FEM. 

The analysis includes flux lines, flux density, back electromotive force (EMF), and torque characteristic. 

FEM is used because it can provide magnetic analysis with high accuracy. The FEM is used as a tool to 

obtain all the results. The size of copper used in this study is 1.0 mm. In order to calculate the number of 

turns that can fit, Equation 1 will be used. Due to the coil pattern, which is in cylindrical shape, during the 
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winding process, there will be some overlap of the coil, especially at the vertical axis, a coil factor is 

introduced. Figure 3 shows the overall analysis flowchart for the BLDC motor. 

 

6.0=
c

c

c

c

d

h

d

w
N

 (1) 

 

Where N is the number of turns, wc is the width of the coil in [mm], hc is the height of the coil in [mm], and 

dc is the size of the coil diameter in [mm]. In (1), coil factor for the number of turns is fixed at 0.6 as well as 

60 %. After the number of turns is calculated, the resistance can also be calculated. Current injected into the 

motor is varies from 2 A to 10 A.  

 

 

Start

Set outer stator diameter, ØD= 300 mm

Calculate the number of turn
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Analyze Back EMF
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Analyze magnetic flux density, B

Analyze torque characteristic

End

Torque > 25 Nm
No

Yes

 

Figure 3. Overall analysis flowchart 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Finite element analysis 

Figure 4 shows the example magnetic flux lines and flux density for all types of BLDC motors. A 

complete path of flux for phase A circulates around the stator, rotor core, and permanent magnet. As can be 

seen from Figure 4, the flux flows from the N pole permanent magnet through the air gap into the stator yoke 

teeth and travels along the stator yoke as well as the stator core. Then, the flux flows through the adjacent 

stator yoke to the air gap and rotor core. This rotor structure is chosen because it produces less flux leakage. 

The magnetic flux distribution, such as flux lines and density, was an important factor that should be 

considered in the BLDC motor design. Figure 4 shows the magnetic flux density inside the model with 

different colors and tones. The magnetic flux produced by the permanent magnet (PM) in the BLDC motor. 

Each tone of the color represents a different intensity of flux inside the machine. It is known that red color 

represents the highest flux density for the corresponding simulation in a particular area. Hence, the magnet is 

flux in that area tends to be saturated first. On the other hand, cold color such as blue has low flux density. 

Figure 4 illustrates the proper distribution of flux lines among the BLDC motors, which 

consequently results in higher torque and improved efficiency. Among all the BLDC motor models, the 

BLDC-HR exhibits greater flux leakage compared to others. This increased flux leakage in BLDC-HR means 

that a significant amount of magnetic flux does not contribute to torque production. As a result, the effective 

magnetic fields interacting with the rotor is reduced, leading to lower torque output.  
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Figure 4. Magnetic flux analysis 
 
 

Figure 5 shows the sampling data of the FEM simulation for back EMF and torque. Figure 5(a) shows 

the result of the back EMF. The back EMF is obtained when there is no current supply to the motor. The back 

EMF in this figure captures the per-phase value of the BLDC motor. The back EMF is the result of the 

permanent magnet flux crossing the air gap in radial direction and cutting the coils of the stator at a rate 

proportional to the rotor speed. In the further discussion, only the average is being discussed by integrating the 

value of back EMF. Before calculating the average of back EMF, the negative polarity of back EMF is shifted 

upward in order to get the positive polarity. In this case, only one phase is selected because the other phases 

produce the same pattern. 

Meanwhile, Figure 5(b) shows the result of the electromagnetic torque for the BLDC motor. The 

electromagnetic torque is generated by the stator winding currents and rotor magnet field interaction. The 

torque refers to the amount of torque produced at a speed of 15 rpm of rotation with a load applied. This 

torque is produced when the AC current is injected into the motor. In this research, the average will be 

considered. This is due to the torque produced being in a transient mode, not stable; thus, the area under the 

graph is required in order to estimate the torque of the motor. 
 
 

(a) 

 

(b) 

 
 

Figure 5. Simulation from FEM: (a) back EMF and (b) torque 
 

 

Figure 6 shows the simulation result produced for all types of BLDC motors. Figure 6(a) shows the 

average back EMF produced by BDLC-ERA, BLDC-ERT, BLDC-HR, and BLDC-SR. The highest back 

EMF is generated by the BLDC-SR motor. It is about 6.5 V at a speed of 30 rpm. Meanwhile, the lowest is 3 
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V produced by BLDC-HR. It can be seen that the back EMF increases when the speed of the motor increases. 

The percentage difference between the maximum and the minimum values is about 54%. This is due to flux 

leakage produced by BLDC-HR being higher compared to others.  

The torque produced by the BLDC motor is shown in Figure 6(b). When an injected current of 10 A 

is applied, the highest torque produced is about 28 Nm, which is generated by BLDC-ERA. The lowest 

torque is produced by BLDC-HR, which is 15 Nm at 10 A. The percentage difference between the highest 

and the lowest is about 46%. The torque is directly proportional to the current. When the current is 

increasing, the torque will increase. The torque for BLDC-SR is slowly dropping because the flux density for 

the material is almost saturated. 

Figure 6(c) shows the torque ripple for all types of BLDC motors. The highest torque ripple is 

presented by BLDC-SR, and BLDC-ERA produced the lowest torque ripple. The difference between the 

highest and the lowest is about 4 Nm. The lowest torque ripple in a BLDC motor for residential elevators will 

provide a smoother, quieter, and more reliable operation. Besides that, when it produces low torque ripple, it 

will reduce the vibration as well. By minimizing the torque ripple, it will reduce vibrations, which lead to less 

wear and tear on the elevator components, thereby extending the lifespan of the system.  

The efficiency of the BLDC motor is shown in Figure 6(d). The BLDC-ERA shows the highest 

efficiency, which is about 99.9%. The lowest efficiency is produced by BLDC-ERT. The highest efficiency 

will the highest energy savings. High-efficiency BLDC motors consume less power, leading to significant 

energy savings. Other than that, an efficient motor lowers the electricity bills and reduces the overall 

operating costs of the elevator systems. 

Based on the analysis, the BLDC-ERA is chosen for the fabrication process since the torque produced 

meets the requirement, which is more than 25 Nm. The value of can be higher when the current increases. This is 

due to when the 10 A is injected into the motor, the flux density does not achieve the saturation level, so it can be 

injected higher value of current. The back EMF produced is 6 V. Other than that, BLDC-ERA produces lower 

torque ripple and higher efficiency compared to other types of BLDC motor. This is because the embedded rotor 

allows for a more optimized magnetic flux path, reducing losses and improving overall efficiency.  
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 
 

Figure 6. The simulation result of BLDC motor: (a) average back EMF, (b) torque, (c) torque ripple, and  

(d) efficiency 
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3.2. Performance trade-offs 

The performance trade-offs in terms of cost-effectiveness, manufacturing complexity, torque and 

speed performance for all BLDC motors are shown in Table 3. Based on Table 3, BLDC-ERA will be chosen 

to undergo the fabrication process since the cost-effectiveness and manufacturing complexity is low but the 

torque and speed performance are good.  

 

 

Table 3. Performance trade-offs 
Parameter BLDC-ERA BLDC-ERT BLDC-HR BLDC-SR 

Cost-effectiveness Low Average Average High 

Manufacturing complexity Low Low Medium High 

Torque and speed performance Good Average Poor Good 

 

 

4. CONCLUSION  

This paper presents a details simulation of four types of BLDC motors with different rotor structures 

that will be used in a residential elevator application. This BLDC motor had been studied for its performance, 

including back EMF and electromagnetic torque. The rotor is made up of ferromagnetic and non-

ferromagnetic. The BLDC-SR produced the highest back EMF, and the BLDC-ERA produced higher torque. 

Meanwhile, BLDC-HR has the lowest back EMF and torque. Based on the simulation, the rotor with BLDC-

ERA is chosen for further analysis because it is a simple structure to fabricate and easy to assemble. The 

BLDC-ERA rotor structure had achieved the target specification, which is 25 Nm. This BLDC motor will be 

used in the application of a residential elevator and will be used as a motor to take up less space.  

 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the Ministry of Higher Education Malaysia, Universiti Teknikal 

Malaysia Melaka (UTeM), and Shinshu University for Postgraduate student mobility support at Nagano, 

Japan in October 2024. This research honors the Memorandum of Understanding between UTeM and 

Shinshu University. 

 

 

FUNDING INFORMATION 

The authors gratefully acknowledge the financial support provided by various parties throughout this 

research. This work was conducted as part of the Postgraduate Student Mobility Program supported by 

Universiti Teknikal Malaysia Melaka (UTeM) and Shinshu University, Nagano, Japan, in October 2024, in 

alignment with the existing Memorandum of Understanding (MoU) between both institutions. The authors 

also wish to acknowledge the financial assistance received from the UTeM Publication Initiative 2025 Scheme 

for covering the journal publication fees. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Nor Aishah Md. Zuki ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓   ✓  

Raja Nor Firdaus 

Kashfi Raja Othman 

✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  

Fairul Azhar Abdul 

Shukor 

✓     ✓ ✓ ✓  ✓  ✓ ✓  

Kunihisa Tashiro  ✓    ✓ ✓ ✓  ✓     

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 4, December 2025: 2224-2233 

2232 

DATA AVAILABILITY 

Data availability is not applicable to this paper as new data were created or analyzed in this study. 
 

 

REFERENCES 
[1] X. Liu, Y. Ye, Z. Zheng, and Q. Lu, “A novel tubular permanent magnet linear synchronous motor used for elevator door,” 

Proceeding of International Conference on Electrical Machines and Systems, ICEMS 2007, pp. 801–804, 2007, doi: 
10.1109/ICEMS12746.2007.4412194. 

[2] X. Yang, Q. Zhu, and H. Xu, “Design and practice of an elevator control system based on PLC,” Proceedings - 2008 Workshop 

on Power Electronics and Intelligent Transportation System, PEITS 2008, pp. 94–99, 2008, doi: 10.1109/PEITS.2008.44. 
[3] D. Zhu, P. Wang, X. Han, and W. Qin, “Distributed lift operating control in building lift system,” 2015 IEEE International 

Conference on Information and Automation, ICIA 2015 - In conjunction with 2015 IEEE International Conference on Automation 

and Logistics, no. August, pp. 2471–2475, 2015, doi: 10.1109/ICInfA.2015.7279701. 
[4] R. Anand and M. Mahesh, “Analysis of elevator drives energy consumptions with permanent magnet machines,” 2016 4th IEEE 

International Conference on Smart Energy Grid Engineering, SEGE 2016, pp. 186–190, 2016, doi: 10.1109/SEGE.2016.7589523. 

[5] J. Chiasson, D. Seto, F. Sun, A. Stankovic, and S. Bortoff, “Independent control of two PM motors using a single inverter: 
application to elevator doors,” Proceeding of the 2002 American Control Conference, pp. 3093–3098, 2002, doi: 

10.1109/ACC.2002.1025264. 

[6] V. W. Nage and S. M. Shinde, “An elevator driven by single-sided linear induction motor (SLIM),” Proceedings of 2016 
International Conference on Advanced Communication Control and Computing Technologies, ICACCCT 2016, no. 978, pp. 376–

379, 2017, doi: 10.1109/ICACCCT.2016.7831665. 

[7] P. M. Branko Blanuša, B. Knežević, B. Erceg, and Đ. Lekić, “Present trends and perspectives,” 2017 International Conference on 
Electromechanical and Power Systems (SIELMEN), pp. 1–9, 2017. 

[8] Z. G. Sun, N. C. Cheung, S. W. Zhao, and W. C. Gan, “Magnetic analysis of switched reluctance actuators in levitated linear 
transporters,” IEEE Transactions on Vehicular Technology, vol. 59, no. 9, pp. 4280–4288, 2010, doi: 10.1109/TVT.2010.2073727. 

[9] M. Osama and O. Abdul_Azim, “Implementation and performance analysis of an elevator electric motor drive system,” 2008 12th 

International Middle-East Power System Conference, 2008, doi: 10.1109/MEPCON.2008.4562368. 
[10] V. I. Vlachou, T. S. Karakatsanis, and A. G. Kladas, “Energy savings in elevators by using a particular permanent-magnet motor 

drive,” Energies, vol. 16, no. 12, 2023, doi: 10.3390/en16124716. 

[11] E. Jung, H. Yoo, S. K. Sul, H. S. Choi, and Y. Y. Choi, “Nine-phase permanent magnet motor drive system for ultra high-speed 
elevator,” 2009 IEEE Energy Conversion Congress and Exposition, ECCE 2009, pp. 1841–1846, 2009, doi: 

10.1109/ECCE.2009.5316140. 

[12] S. V. Desai, H. Mathihalli, A. Arul, B. S. Amog, and R. Joseph, “Synchronized multi-motor lift system,” 2024 1st International 
Conference on Trends in Engineering Systems and Technologies, ICTEST 2024, pp. 1–6, 2024, doi: 

10.1109/ICTEST60614.2024.10576190. 

[13] E. H. Abdelhameed, “Concurrent speed and position tracking of elevator driven by linear induction motor using cascade PI-PI 
control system,” 2016 18th International Middle-East Power Systems Conference, MEPCON 2016 - Proceedings, pp. 468–473, 

2017, doi: 10.1109/MEPCON.2016.7836932. 

[14] M. Deepak et al., “A review of BLDC motor: state of art, advanced control techniques, and applications,” IEEE Access, vol. 10, p. 
1, Jan. 2022, doi: 10.1109/ACCESS.2022.3175011. 

[15] S. Krishnamoorthy and P. P. K. Panikkar, “A comprehensive review of different electric motors for electric vehicles application,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 15, no. 1, pp. 74–90, 2024, doi: 
10.11591/ijpeds.v15.i1.pp74-90. 

[16] R. Antony, F. Jf, and R. Pongiannan, “Design of energy efficient BLDC motor pump for agriculture applications,” 2023 International 

Conference on System, Computation, Automation and Networking (ICSCAN), 2023. doi: 10.1109/ICSCAN58655.2023.10395608. 
[17] E. Bassi, F. Vercesi, and F. Benzi, “CAE optimization of synchronous reluctance motor and vibro-acoustic analysis for lift 

systems,” SIELMEN 2021 - Proceedings of the 11th International Conference on Electromechanical and Energy Systems, pp. 

139–143, 2021, doi: 10.1109/SIELMEN53755.2021.9600297. 
[18] A. Amini, M. S. Khajueezadeh, and A. Vahedi, “Reliability and lifetime analysis on permanent magnet motors in elevator: case 

study PMA-SynRM & IPMSM,” 2023 3rd International Conference on Electrical Machines and Drives, ICEMD 2023, no. 

December, pp. 1–6, 2023, doi: 10.1109/ICEMD60816.2023.10429474. 
[19] H. Yetis, E. Mese, and M. Biyikli, “Design and comparison of ferrite based IPM and NdFeB Based SPM synchronous motors for 

gearless elevator systems,” Proceedings - 2018 23rd International Conference on Electrical Machines, ICEM 2018, pp. 635–641, 

2018, doi: 10.1109/ICELMACH.2018.8506825. 
[20] Y. Avsar, A. Fenercioglu, and M. Soyaslan, “Design optimization of PM synchronous motor: rail mounted belt drive elevator 

systems,” IEEE Transactions on Industry Applications, vol. 60, no. 1, pp. 301–311, 2024, doi: 10.1109/TIA.2023.3311781. 

[21] H. Bakhtiarzadeh, A. Polat, and L. T. Ergene, “Design and analysis of a permanent magnet synchronous motor for elevator 
applications,” Proceedings - 2017 International Conference on Optimization of Electrical and Electronic Equipment, OPTIM 

2017 and 2017 Intl Aegean Conference on Electrical Machines and Power Electronics, ACEMP 2017, pp. 293–298, 2017, doi: 

10.1109/OPTIM.2017.7974986. 
[22] K. Kolano, “Lift door follow-up drive system with a PMSM motor,” 2017 International Symposium on Electrical Machines, SME 

2017, pp. 1–6, 2017, doi: 10.1109/ISEM.2017.7993584. 

[23] S. Sakunthala, R. Kiranmayi, and P. N. Mandadi, “A study on industrial motor drives: Comparison and applications of PMSM 
and BLDC motor drives,” 2017 International Conference on Energy, Communication, Data Analytics and Soft Computing, 

ICECDS 2017, pp. 537–540, 2018, doi: 10.1109/ICECDS.2017.8390224. 

[24] A. Mondal, J. Khan, S. Prins, and S. Kumaravel, “Control of Dual motor test bench for performance testing of PMSM for traction 
application,” Conference Proceedings - 2023 IEEE Silchar Subsection Conference, SILCON 2023, 2023, doi: 

10.1109/SILCON59133.2023.10404719. 

[25] T. Y. Lee, M. K. Seo, Y. J. Kim, and S. Y. Jung, “Motor design and characteristics comparison of outer-rotor-type BLDC motor 
and BLAC motor based on numerical analysis,” IEEE Transactions on Applied Superconductivity, vol. 26, no. 4, pp. 1–6, 2016, 

doi: 10.1109/TASC.2016.2548079. 

[26] S. U. P.Suganthi, S.Nagapavithra, “Modeling and simulation of closed loop speed control for BLDc motor drives,” 2017 Conference 
and Emerging Devices and Smart Systems (ICEDSS), no. March, pp. 83–126, 2017, doi: 10.1002/9781118188347.ch4. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Comparative analysis of various rotor types BLDC motor for residential elevator … (Nor Aishah Md. Zuki) 

2233 

[27] C. Delforge and B. Lemaire-Semail, “Induction machine modeling using finite element and permeance network methods,” IEEE 
Transactions on Magnetics, vol. 31, no. 3, pp. 2092–2095, 1995, doi: 10.1109/20.376457. 

[28] S. Touati, R. Ibtiouen, O. Touhami, and A. Djerdir, “Experimental investigation and optimization of permanent magnet motor 

based on coupling boundary element method with permeances network,” Progress In Electromagnetics Research, vol. 111, pp. 
71–90, Jan. 2011, doi: 10.2528/PIER10092303. 

[29] N. Bin Misron, N. Masruni, M. Syafiq, I. Bin Aris, H. Wakiwaka, and M. Nirei, “Comparison on performance of two types 

permanent magnet generator,” Journal of The Japan Society of Electromagnetic and Mechanics, vol. 17, pp. 73–79, 2009. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Nor Aishah Md. Zuki     was born on November 9, 1992, in Kuantan, Pahang, 

Malaysia. In 2018, she received her Master of Science in Electrical Engineering from 

Universiti Teknikal Malaysia Melaka (UTeM). Currently, she is pursuing her Ph.D. from the 

same university. Her research study is on machine design. She can be contacted at email: 

P011820006@student.utem.edu.my. 

 
 

  

 

Raja Nor Firdaus Kashfi Raja Othman     received B.Eng., M.Sc., and Ph.D. in 

Electrical Engineering from Universiti Putra Malaysia in 2006, 2009, and 2013, respectively. 

He is currently an associate professor in the Department of Electrical Power Engineering, 

Faculty of Electrical Technology and Engineering, Universiti Teknikal Malaysia Melaka. His 

research interest is applied magnetics, electrical machines, magnetic sensors, and drives. He 

can be contacted at email: norfirdaus@utem.edu.my. 
 

  

 

Fairul Azhar Abdul Shukor     is a senior lecturer at the Faculty of Electrical 

Technology and Engineering, Universiti Teknikal Melaka, Malaysia (UTeM), Melaka. He has 

been with UTeM since 2005. He received a B.Eng. Degree in Electrical and Electronic 

Engineering and an M.Sc. in Electrical Engineering from Universiti Putra Malaysia in 2002 

and 2009, respectively. In 2009, he received his Ph.D. Eng. in Machine Design from Shinshu 

University, Japan. His areas of interest include electrical machine and actuator design, 

numerical analysis, and machine drive. He can be contacted at email: 

fairul.azhar@utem.edu.my. 

 

  

 

Kunihisa Tashiro     earned his B.Eng. and M.Eng. degrees from Kanazawa 

University in Japan in 1998 and 2000, respectively. He worked as a research assistant at Kyushu 

University in Japan from 2000 to 2006, where he earned his Ph.D. (Eng.) in 2006. He began as an 

assistant professor in the Department of Electrical and Computer Engineering, Faculty of 

Engineering, Shinshu University, Japan, in 2006. He was promoted to associate professor in 

2012. From 2012 to 2019, he was the director of Shinshu University's Magnetic Energy 

Harvesting Project. His research interests include electromagnetic phenomena such as the use of 

magnetic energy as a sensor, actuator, and shield. He is a senior member of the Institute of 

Electrical Engineers of Japan (IEEJ) and a Director of the Japan Society of Applied 

Electromagnetics and Mechanics (AEM). He can be contacted at email: tashiro@shinshu-u.ac.jp. 

 

https://orcid.org/0000-0002-0466-4627
https://scholar.google.com/citations?hl=en&user=KK7fcxgAAAAJ&view_op=list_works&gmla=AJsN-F6vt-qGzsN7Jq8kKiArrv9Z6R6tyn1zKROqwVYhVxsfdIYJd__mH--Z65E6dhq_D6UDya4Z4MYu0pLLU8WkcxwYTorT3g
https://www.scopus.com/authid/detail.uri?authorId=57197817646
https://www.webofscience.com/wos/author/record/GXH-9078-2022
https://orcid.org/0000-0002-4193-0963
https://scholar.google.com/citations?hl=en&user=Ed4LnZ8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=24448057100
https://www.webofscience.com/wos/author/record/120070
https://orcid.org/0000-0003-1810-3801
https://scholar.google.com/citations?hl=en&user=SAle0QUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36709184000
https://www.webofscience.com/wos/author/record/2307992
https://orcid.org/0000-0003-0793-882X
https://scholar.google.co.jp/citations?user=ZExfv1YAAAAJ&hl=ja
https://www.scopus.com/authid/detail.uri?authorId=7202069301
https://publons.com/researcher/1299309/tashiro-kunihisa/

