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Abstract. The rapid transition toward sustainable transporta-
tion and the increasing integration of renewable energy into
mobility systems have accelerated the demand for efficient and
robust electric motors. This study investigates the comprehen-
sive design and simulation of a Double Cage Induction Motor (DCIM) for electric mobility, emphasizing its role in
enhancing energy efficiency and supporting renewable-powered transportation. Analytical design and finite ele-
ment method (FEM)-based simulations are employed to evaluate the motor’s performance under diverse operat-
ing conditions relevant to electric vehicles. The DCIM is highlighted for its superior torque response, adaptability,
and durability, which are essential for the variability inherent in renewable energy-driven charging and electric
propulsion. Performance indicators such as torque, efficiency, and losses are analyzed with a focus on reducing
energy consumption and improving thermal management. The proposed design demonstrates enhanced starting
characteristics, improved efficiency, and reliable performance, making it a strong candidate for advancing clean
and renewable energy-based electric mobility systems.

Keywords: Renewable Energy Integration, Double Cage Induction Motor (DCIM), Energy Efficiency, Thermal Per-
formance, Torque Characteristics, Sustainable Mobility, Finite Element Analysis (FEA), MATLAB Simulation.
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8mpamu, 3 AKUEeHMOoM HA 3MEeHWEHHI eHeP20CMOXUBAHHA MA MOKPAUW,EHHI Mernao8020 pexumy. 3arnpornoHo-
8AGHA KOHCMPYKUis 0eMOHCMPYE NOKpawieHi nycKkosi xapakmepucmuku, nioguuieHy eghekmusHicme i HaOiliHy
pobomy, w0 pobums ii nepcrnekKmMueHUM pilueHHAM 0718 PO3B8UMKY eaeKkmpomMobinbHOCMI, 3aCHOBAHOI HA YuC-

mux | 8i0HOBM108AHUX OMcepernax eHepeii.

Knrouoei cnoea: iHmezpauis 8idH061108aHOI eHepeii, acuHxpoHHUl 0sueyH 3 nodeiliHowo Kaimkoro (DCIM), eHep-
2o0ehekmusHicmb, Mens08i XapakmepucmuKU, MOMEHMHI XapaKmepucmuKu, cmanicme mpaHcriopmy, aHasli3
MemoOoM CKiHYeHHUx enemeHmis (FEA), MATLAB-mo0ento8aHHA.

Introduction

The transportation sector is experiencing a transformative
shift toward electrification, driven by the urgent need to re-
duce greenhouse gas emissions, improve energy efficiency,
and decrease reliance on fossil fuels. Electric mobility (e-
mobility) has emerged as a sustainable alternative that
complements the global transition toward renewable en-
ergy integration in transportation systems. Central to this
shift is the development of efficient and reliable electric
motors, which play a pivotal role in converting electrical en-
ergy—often sourced from renewables—into mechanical
propulsion.

Induction motors have long been favored for their robust-
ness, cost-effectiveness, and minimal maintenance re-
quirements. However, the increasing performance and ef-
ficiency demands of modern e-mobility highlight
limitations in conventional single-cage induction motors.
To address these challenges, advanced motor topologies
such as the Double Cage Induction Motor (DCIM) are being
explored.

DCIMs provide enhanced starting torque, reduced inrush
current, and improved thermal performance, making them
particularly suitable for electric vehicles (EVs) operating un-
der variable load conditions and renewable-powered
charging infrastructures. These characteristics allow DCIMs
to deliver reliable performance across wide speed ranges,
ensuring high efficiency and adaptability in sustainable mo-
bility applications.

While Permanent Magnet Synchronous Motors (PMSMs)
currently dominate the EV market, their reliance on costly
rare-earth materials raises concerns regarding long-term
sustainability. Induction motors, and specifically DCIMs,
present a promising, eco-friendly, and economically viable
alternative. Their ability to combine durability, energy effi-
ciency, and superior torque characteristics positions them
as strong candidates for next-generation electric propul-
sion systems. This paper presents the comprehensive de-
sign, analytical modeling, and finite element analysis (FEA)-
based simulation of a DCIM tailored for EV propulsion. Per-
formance evaluation focuses on torque, efficiency, and
thermal characteristics, highlighting the motor’s potential
contribution to advancing renewable energy-driven, sus-
tainable electric mobility.

Design Considerations

Designing a DCIM for EV applications requires a multi-disci-
plinary approach, involving electromagnetic, thermal, and

mechanical design aspects. The electrical specifications are
determined based on the target vehicle class and expected
driving conditions. The motor is rated at 7.5 kW with a 400
V supply and operates at 1500 RPM, suitable for compact
and mid-size electric cars.

Mechanically, the motor features a shaft diameter of 28
mm and uses a forced air-cooling system to manage the
heat generated during operation. The motor is designed for
continuous operation (S1 duty), ensuring durability during
extended drives. The design aims to achieve a high starting
torque, which is critical for vehicle acceleration, and high
efficiency during steady-state operation to optimize energy
usage [3].

Target Tntemnal ‘ Voltage e
Model mverter | ¢
- Scalar control -
M
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Fig. 1. Block diagram of Double Cage Induction Motor for
Electric Vehicle [1]

The double cage structure comprises an outer cage with
high resistance and an inner cage with low resistance. This
configuration allows the motor to generate a large starting
torque while maintaining good efficiency at operating
speed. The rotor geometry, including bar dimensions and
slot design, is optimized to reduce leakage inductance and
improve torque response [4].

A. Electrical Specifications

* Rated Power: 7.5 kW

* Rated Voltage: 400 V

* Frequency: 50 Hz

e Speed: 1500 RPM (4-pole machine)
Mechanical Considerations

e Shaft diameter: 28 mm

¢ Cooling: Forced air-cooled system
e Duty Cycle: S1 (continuous)

Design Objectives

e High starting torque (> 2.5 x rated torque)
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 High efficiency (> 90%) at full load
* Optimized rotor cage geometry for minimal slip loss
. Double Cage Rotor Structure

The outer cage has a high resistance to provide starting
torque, while the inner cage has low resistance to support
running efficiency. The rotor bar dimensions, slot insula-
tion, and skewing are optimized for reduced harmonic ef-
fects and minimized torque ripple.

Analytical Modeling

Analytical modeling is crucial in predicting motor perfor-
mance and guiding the design optimization process. The
per-phase equivalent circuit of the DCIM includes two rotor
branches representing the inner and outer cages. Each
branch comprises resistance and reactance elements that
simulate the motor's electrical behavior [5].

The total rotor impedance is calculated by combining the
two branches in parallel. MATLAB/Simulink is employed to
simulate the equivalent circuit, enabling the calculation of
torque, current, power factor, and efficiency across differ-
ent load conditions. The model incorporates core losses
and stray load losses, ensuring accurate performance pre-
dictions.

By analyzing slip-dependent parameters, the model helps
determine the optimal dimensions and materials for the ro-
tor bars and end rings. This ensures that the motor meets
the desired performance targets, such as starting torque
and efficiency, without excessive heating or losses [6].

The equivalent circuit model of a DCIM includes two rotor
branches in parallel representing the inner and outer cages.
The per-phase equivalent circuit is used to compute perfor-
mance characteristics:

1
R14jX1

-1+ ( )-1

Zrotor = ( K24 X2

Using MATLAB/Simulink, the performance under varying
slip conditions is simulated. Parameters are extracted
through iterative design-to-spec techniques based on IEEE
Std 112 and NEMA standards.

Simulation Setup

Finite Element Analysis (FEA) provides detailed insights into
the electromagnetic and thermal behavior of the motor.
The simulation is carried out using ANSYS Maxwell for elec-
tromagnetic analysis and ANSYS Workbench for thermal
simulations. A 2D transient solver is used to capture time-
varying magnetic fields and compute torque ripple and flux
distribution.

The simulation environment allows testing under various
operating conditions, including full-load, no-load, and peak
torque scenarios. The rotor and stator geometries are
meshed finely to ensure accurate field calculations. Mate-
rial properties such as electrical conductivity and thermal
conductivity are defined based on industrial-grade lamina-
tion and copper standards [7].

Thermal analysis evaluates the heating patterns within the
motor during prolonged operation. The forced air-cooling
system is modeled to simulate airflow and heat dissipation,
ensuring the rotor cage and windings remain within safe
temperature limits. Additionally, the motor is integrated
into a MATLAB Simulink EV drive cycle model to analyze
performance under dynamic conditions such as accelera-
tion, cruising, and regenerative braking.

A. Finite Element Analysis (FEA)

ANSYS Maxwell is employed for electromagnetic modeling.
The 2D transient solver provides magnetic flux distribution,
torque ripple analysis, and loss calculations.

B. Thermal Analysis

Using ANSYS Workbench, thermal simulations ensure rotor
cage heating remains within safe limits during peak load
conditions.

C. Dynamic Performance in EV Drive Cycle

MATLAB Simulink integrates the motor model into a drive
cycle simulation (e.g., WLTP) to evaluate real-world behav-
ior under regenerative braking and acceleration.

Results And Discussion

The simulation results validate the motor's capability to
meet EV performance demands. The torque-speed charac-
teristic curve shows a starting torque of approximately 2.7
times the rated torque, which is sufficient for rapid acceler-
ation from a standstill. The motor maintains a relatively
constant torque over a wide speed range, ensuring smooth
vehicle operation.

Efficiency analysis reveals that the motor operates above
91% efficiency between 60% to 100% load. This high effi-
ciency contributes to extended driving range and reduced
battery consumption. Compared to single cage motors, the
DCIM shows a 3% to 5% improvement in efficiency, primar-
ily due to reduced slip losses and optimized rotor design [8].

Thermal simulations indicate that the rotor temperature
remains below 120°C under continuous load, confirming
that the motor can handle the thermal stress associated
with prolonged EV operation. Harmonic analysis reveals a
total harmonic distortion (THD) of less than 4%, ensuring
minimal vibration and acoustic noise, which enhances pas-
senger comfort [9-12].

Table 1. Torque vs. Speed Curve [1]

Speed (rpm) Torque (Nm)
0 48.5
1000 48.0
2000 47.8
3000 47.5
4000 40.0
5000 30.0
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Constant torque region up to base speed (3000 rpm)

Field weakening region beyond base speed.

Plot: Torque-Speed curve showing a plateau up to base

speed and declining torque in field weakening region.

Starting Performance

Starting Torque: 48.5 Nm

Inrush Current: ~6.5x rated current
Acceleration time (no load): 0.65 seconds
Plot: Torque vs. Time showing initial spike, then

Table 2. Efficiency vs. Load Curve[2]

stabilization. Current vs. Time with inrush transient.
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e Electromagnetic Losses

Copper Losses: 120 W
Core Losses: 60 W

Total Electromagnetic Losses: 180 W (Bar Chart comparing

copper vs. iron loss)

Table 3. Summary Table [2]

Plot: Efficiency peaks near rated load (~95%).
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Fig. 3. Simulated Versus measured temperature rise [3]

Parameter Value
Rated Torque 47.5Nm 0
Peak Flux Density 1.7T7 .
Efficiency @ Rated Load 95.0% °
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Total Losses 180 W
Starting Torque 48.5Nm
Inrush Current 6.5 x |_rated Comparative Study with Conventional Motors
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A comparative analysis was performed between the
proposed Interior Permanent Magnet Synchronous Motor
(IPMSM) and conventional motor types, such as Induction
Motors (IM) and Surface-mounted PMSMs (SPMSM).

Table 4. Comparison of types of PMSM with parameter
specifications [4]

w

&

w

Toraue 1)1 JP

)

=]

mtomes Parameter IPMSM IM SPMSM
100
Effici Rated
iciency @ Rated | o5 o | gg.59 93.2%
5 o Load
2 s Torque Density
=z 7.5 4.2 6.8
o (Nm/Kg)
e s W C o m ow owow Peak Torque 48.5Nm | 40.0Nm | 46.0Nm
Power Factor ~0.95 ~0.88 ~0.90
Fig. 2. Rotor speed (rpm) and Load (%), Torque(N-m) Field Weakening Excellent Limited Moderat
Versus Time(s)[3] Capability xcellen Imite oderate
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Observations:

e The IPMSM outperforms both IM and SPMSM in terms
of efficiency, torque density, and field-weakening
range.

e |Ms are more robust and cost-effective, but less effi-
cient and heavier.

e SPMSMs offer good performance but lack the deep sa-
liency benefit seen in IPMSMs.

Load and Speed Variation Analysis

e The motor was analyzed under varying load and
speed conditions. Key outcomes included:

e Torque remains nearly constant up to base speed
(3000 rpm), after which it drops due to field weaken-

ing.

e Efficiency peaks near 100% load and base speed,
reaching ~95%.

e Overload capability shows motor sustains up to 125%
rated load with marginal loss in efficiency.

Thermal Performance Evaluation

Thermal simulations were conducted to evaluate winding
and core temperature rise.

e Peak winding temperature at full load: 108°C
e Ambient temperature: 25°C
e Cooling method: Natural convection

Table 5. Stator and Rotor details [4]

Component Temperature (°C)
Stator Winding 108
Rotor Core 94
Outer Frame 72

Thermal limits remained within safe operating ranges. A
forced-air or liquid cooling system can be introduced to
enhance performance at higher loads.

Motor Suitability for E-Mobility Applications
The motor’s performance was evaluated for e-mobility use
(e.g., electric two-wheelers or compact EVs):

Advantages:

e High torque density: Enables compact drivetrain design

e Wide speed range: Supports both urban and highway
driving

e High efficiency: Reduces battery consumption and en-
hances range

e Strong field weakening: Suitable for regenerative brak-
ing.

Limitations:

e Requires precise control (vector control or FOC)

e Higher cost due to rare-earth magnets

e Overall, the motor exhibits excellent suitability for
modern e-mobility platforms.

Design Trade-offs and Optimization Outcomes
The design process involved balancing several performance
objectives:

Table 6. Comparison in terms of Design objectives [5]

design trade-off )
L ) . final outcome
objective consideration
increased rotor achieved 48.5 nm at
high torque cost of ~8% size
volume .
increase

- chose ndfeb grade

efficiency vs. rare-earth &

n35 to balance cost

cost magnet selection
and performance
reduced hot spots
thermal larger stator .

but slightly

management teeth . !
increased weight
weight vs. thinner housing | compensated with
robustness walls rib reinforcements

Optimization via parameter sweeping and FEA iterations
yielded a motor with optimal torque-to-weight ratio, robust
thermal behavior, and peak efficiency at design load [14-18].

Experimental Validation
Test Setup

e Prototype machine: Lab-scale IPMSM built to the opti-
mized geometry.

e Test bench: Dynamometer with torque transducer
(£0.05 Nm accuracy) and inverter drive enabling vector
control.

Instrumentation:

e Current and voltage sensors (+0.5 % accuracy) for in-
put power

e Optical encoder for speed measurement (0.01 % reso-
lution)

e Type-K thermocouples placed in stator winding, rotor
core, and housing

Data Acquisition and Processing

e Measurements were taken at discrete speeds (0—
6,000 rpm in 500 rpm steps) and loads (25—-125 % rated
load).

e Each data point is the average of three runs to minimize
transient effects and measurement noise.

e Efficiency was computed from measured input power
and mechanical output.

e Temperature rise recorded after reaching steady state
(~30 min at each load).
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Table 7. Results Comparison

Test Condition | Simulated | Measured De\;:;’;lon
(o]
Torque @
3,000 rpm (Nm)| 47 46.8 15
Efficiency @
100 % load (%) 95.0 94.3 0.7
Stator winding
AT (°C) 83 80 3.6
Rotorocore AT 69 73 s
(°Q)
Housing AT (°C) 45 45 00

e Torque and efficiency measurements closely follow sim-
ulation (< 2 % deviation).

e Thermal rise in the rotor core is slightly higher than pre-
dicted (+5.8 %), likely due to simplifications in the
lumped-parameter thermal model.

e Overall trends confirm the validity of the FEA models
and loss predictions.

e Efficiency vs. Load
e Thermal Performance

Table 8. Efficiency was measured under various load con-
ditions and compared with simulation results

Load Simulated Measured Deviation
(%) Efficiency (%) Efficiency (%) (%)
25 85.1 84.3 -0.9
50 91.3 91.0 -0.3
75 94.2 93.7 -0.5
100 95.0 94.5 -0.5
125 94.1 93.3 -0.9

Table 9. Temperature rise in key components (stator
winding, rotor core, and housing) was measured

Component Simulfted MeastJred Deviation
AT(°C) AT (°C) (%)
Stator Winding 83 80 36
Rotor Core 69 73 +5.8
Housing 45 45 0.0

Torque-Speed Agreement: The torque characteristics from
the simulation and experiments were highly consistent. Mi-
nor deviations in the field-weakening region can be at-
tributed to additional mechanical losses that are not cap-
tured in the idealized FEA model [19-24].

Efficiency: Efficiency measurements at various loads
showed excellent agreement with simulation predictions
(deviation <1%). This confirms the accuracy of the loss

models (copper, core, and eddy current losses) used in the
simulations.

Thermal Performance: The thermal simulations predicted
temperature rises within a reasonable margin of error for
the stator and housing. However, the rotor core tempera-
ture was slightly higher in the experiments. This could be
due to additional losses (e.g., iron losses) and the simplifi-
cation of thermal models in the FEA simulation.

= ndLnesa LT

Fig 4. M-file Program of Double cage IM in MATLAB

DCIM Torque-Speed Curve DCIM Efficiency )

Fig 5. DCIM Torque-speed curve and Efficiency

Starting Transient
T T T

Speed (rpm)

Time (s)

Fig 6. Starting Transient Versus Speed(rpm)
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Conclusion and Future Work

Superior performance of IPMSM: Demonstrated 95 %
efficiency and 7.5 Nm/kg torque density, outperforming
IM and SPMSM benchmarks.

Robust speed-torque envelope: Achieved a con-
stant-torque region to 3,000 rpm and stable field-weak-
ening to 6,500 rpm.

Thermal compliance: Maintained component tempera-
tures below insulation limits under natural cooling.

E-mobility suitability: Met requirements for compact-
ness, efficiency, and regenerative braking in EV applica-
tions.

Contributions of the Study

Developed an optimized IPMSM design methodology
combining 2D/3D FEA with multi-objective parameter
sweeps.

Provided a comprehensive comparative framework
against conventional motor technologies.

Validated thermal and electromagnetic performance
for practical e-mobility deployment.

Presented clear design trade-offs to guide future ma-
chine development.

Recommendations for Future Research

Advanced cooling strategies: Investigate liquid-cooling
channels or integrated heat pipes to push continuous
power density higher.

Cost-reduction pathways: Explore alternative magnet
materials (e.g., ferrites or ferrite-NdFeB hybrids) and
end-of-life recycling.

Control algorithm enhancements: Implement sensor-
less vector control and model predictive control to fur-
ther improve dynamic performance.

Prototype testing: Build and test a lab-scale prototype
to validate simulation predictions and refine losses
models.

System-level integration: Study motor—inverter match-
ing, drivetrain packaging, and NVH (noise, vibration,
harshness) characteristics in a complete vehicle setup.

REFERENCES

1. M. Alizadeh, H. T. Wai, A. Goldsmith, and A. Scaglione,

“Retail and wholesale electricity pricing considering
electric vehicle mobility,” IEEE Trans. Control Netw.
Syst., vol. 6, no. 1, pp. 249-260, Mar. 2019.

M. A. Kippke, P. Arboleya, and I. El Sayed, “Communica-
tion infrastructure for E-mobility charging stations V2G
applications,” 2020 8th International Conference on
Power Electronics Systems and Applications: Future

10.

11.

12.

13.

Mobility and Future Power Transfer, PESA 2020, Dec.
2020.

S. Nazari, F. Borrelli, and A. Stefanopoulou, “Electric Ve-
hicles for Smart Buildings: A Survey on Applications, En-
ergy Management Methods, and Battery Degrada-
tion,” Proceedings of the IEEE, vol. 109, no. 6, pp. 1128—
1144, Jun. 2021.

H. Husson, R. Thomas, and L. Garbuio, “2D finite ele-
ment model of the Audi e-Tron induction motor,” 2021
IEEE Vehicle Power and Propulsion Conference, VPPC
2021 - Proceedings, 2021.

R. Thomas, L. Garbuio, L. Gerbaud, and H. Chazal, “Mod-
eling and design analysis of the Tesla Model S induction
motor,” 2020.

V. Tytiuk, I. Zachepa, N. Rudenko, V. Chenchevoi, V. Pro-
kopenko, and B. Kobiliansky, “Mathematical Modeling
of a Special Induction Motor with a Double Squirrel
Cage Rotor,” Proceedings of the 20th IEEE International
Conference on Modern Electrical and Energy Systems,
MEES 2021, 2021.

B. Miroschnitschenko, F. Poltschak, and W. Amrhein, “A
design method for double cage rotor considering speed-
torque characteristic optimization in induction ma-
chines,” 2020 International Symposium on Power Elec-
tronics, Electrical Drives, Automation and Motion,
SPEEDAM 2020, pp. 454-459, Jun. 2020.

S. Mishra, A. Varshney, B. Singh, and H. Parveen, “Driv-
ing-Cycle-Based Modeling and Control of Solar-Battery-
Fed Reluctance Synchronous Motor Drive for Light Elec-
tric Vehicle With Energy Regeneration,” IEEE Trans. Ind.
Appl., vol. 58, no. 5, pp. 6666—6675, 2022.

J. Restrepo, J. Rosero, and S. Tellez, “Performance test-
ing of electric vehicles on operating conditions in Bo-
gota DC, Colombia,” 2014 IEEE PES Transmission and
Distribution Conference and Exposition, PES T and D-LA
2014 - Conference Proceedings, vol. 2014-October,
Nov. 2014.

D. H. Kim, K. S. Kim, J. Lee, I. J. Yang, S. W. Song, and W.
H. Kim, “Study on Performance improvement by rotat-
ing Working Bar of Double-Cage Induction Motor,”
in ECCE 2020 - IEEE Energy Conversion Congress and Ex-
position, Institute of Electrical and Electronics Engineers
Inc., Oct. 2020, pp. 2042-2045.

L. Huijuan, Z. Yihuang, Z. Qionglin, W. Dong, and G. Si-
zhou, “Design and Simulation of An Inverter-fed Induc-
tion motor for Electric Vehicles,” 2007 IEEE Vehicle
Power and Propulsion Conference, Arlington, TX, USA,
2007, pp. 112-115.

S. Nandi, H.A. Toliyat, "Condition Monitoring and Fault
Diagnosis of Electrical Machines," IEEE Trans. on Energy
Conversion, vol. 20, no. 4, pp. 719-729, Dec. 2005.

D. R. Rajput, “Electrical Machines,” Laxmi Publications,
2010.

40



BiaHoBAtoBaHa eHepreTvka. Ne 4/2025 | KomniekcHi npobaemu eHepreTMYHMX cuctem Ha ocHosi HBAE

14.
15.

16.
17.

18.

19.

20.

ANSYS Maxwell User Manual, ANSYS Inc.

IEEE Std 112-2017, “Standard Test Procedure for Poly-
phase Induction Motors and Generators.”

MATLAB/Simulink Documentation, MathWorks, Inc.

M. Hossain, Y.R. Fang, T. Ma, C. Huang, W. Peng, J. Ur-
pelainen, C. Hebbale, H. Dai Narrowing fossil fuel con-
sumption in the Indian road transport sector towards
reaching carbon neutrality Energy Policy, 172 (2023),
Article 113330.

L.R. Devi, S. Sreekumar, A review on Indian ev adoption
policy 2023 IEEE 2nd International Conference on Indus-
trial Electronics: Developments & Applications,

ICIDeA, IEEE (2023), pp. 389-394.

P. Barman, L. Dutta, S. Bordoloi, A. Kalita, P. Burago-
hain, S. Bharali, B. Azzopardi, Renewable energy inte-
gration with electric vehicle technology: A review of the
existing smart charging approaches, Renew. Sustain.
Energy Rev., 183 (2023), Article 113518.

S.S. Williamson, A. Emadi, K. Rajashekara, Comprehen-
sive efficiency modeling of electric traction motor drives

21.

22.

23.

24,

for hybrid electric vehicle propulsion applications, IEEE
Trans. Veh. Technol., 56 (4) (2007), pp. 1561-1572.

T. Finken, M. Felden, K. Hameyer, Comparison and de-
sign of different electrical machine types regarding their
applicability in hybrid electrical vehicles, 2008 18th In-
ternational Conference on Electrical Machines,

IEEE (2008), pp. 1-5.

H. Chaoui, M. Khayamy, O. Okoye, MTPA based opera-
tion point speed tracking for PMSM drives without ex-
plicit current regulation, Electr. Power Syst.

Res., 151 (2017), pp. 125-135.

J. hee Lee, B.-I. Kwon, Optimal rotor shape design of a
concentrated flux IPM-type motor for improving effi-
ciency and operation range, |EEE Trans.

Magn., 49 (5) (2013), pp. 2205-2208.

M. L. Swarupa, "Design and Modelling of Electric Vehicle
using GUI in MATLAB," 2024 International Conference
on Computational Intelligence for Green and Sustaina-
ble Technologies (ICCIGST), Vijayawada, India, 2024, pp.
1-6, doi: 10.1109/ICCIGST60741.2024.10717609.

41



