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ABSTRACT

This paper presents a sliding-mode input—output linearization controller for a DC/DC zero-voltage switching (ZVS) CLL-T resonant converter. The proposed
control strategy enhances transient response and disturbance rejection while maintaining closed-loop stability. A large-signal dynamic model of the converter,
derived without small-signal approximations, serves as the foundation for the controller design, ensuring accurate prediction of system behaviour. A novel discrete
self-sustained oscillating modulation (DSSOM) technique is integrated with the controller to achieve ZVS operation across a wide load range while limiting the
regulating frequency range. The combination of the controller and modulation technique provides robustness, fast transient response, and improved efficiency.
Theoretical predictions are validated through experimental and simulation results, demonstrating the superior performance of the nonlinear controller compared to
conventional linear controllers.
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INTRODUCTION

As the demand for electric vehicles (EVs) continues to rise, the need for efficient and reliable power conversion systems has become increasingly critical.
Among the various power electronics solutions, the Single-Ended Primary Inductor Converter (SEPIC) offers significant advantages due to its ability to
provide both step-up and step-down voltage regulation with a non-inverted output. This makes it highly suitable for EV applications, where the input
voltage from the battery can vary widely under different load and operating conditions. However, conventional control methods often struggle to maintain
optimal performance in the presence of system nonlinearities, parameter variations, and external disturbances typical of EV environments.

To overcome these challenges, advanced non-linear control techniques are being employed to regulate the SEPIC converter more effectively. Techniques
such as sliding mode control, back stepping, and adaptive control provide enhanced dynamic response, robustness, and improved system stability
compared to traditional linear controllers. By integrating these advanced control strategies, the SEPIC converter can maintain consistent performance,
improve energy efficiency, and extend the overall lifespan of the electric vehicle’s power system. This research explores the application of non-linear
control techniques in managing SEPIC converters, aiming to contribute toward the development of more reliable and efficient EV powertrains.

1. Methodology

The methodology involves modelling EV powertrains using differential algebraic equations, designing a Sliding Mode Control (SMC)-based controller,
and implementing the Discrete Sliding Surface Observer Modulation (DSSOM) technique for improved transient response. Performance is evaluated
through MATLAB simulations and hardware testing, comparing SMC with conventional control methods to ensure robustness, efficiency, and enhanced
nonlinear control in EV applications.
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Fig-1: Circuit Diagram of SEPIC Converter

The Sliding Mode Control (SMC) methodology for Electric Vehicles (EVs) addresses nonlinear dynamics, robustness, and transient response challenges.
It begins with system modelling of the EV powertrain using differential algebraic equations (DAESs) and derives an averaged model for non-isolated
SIMO converters via the quasi-Weier strass transformation.

An SMC-based controller is then designed with a sliding surface for stability and rapid disturbance response. The DSSOM technique enhances transient
performance by optimizing the control angle y. The controller is tested through MATLAB/Simulink simulations, comparing PID, Fuzzy Logic, MPC,
and FOC based on response time, accuracy, and disturbance rejection. Hardware validation follows, using a DC-DC SIMO converter, power electronics,
and a digital controller, assessing voltage regulation, transient response, and efficiency. This approach ensures a robust and efficient nonlinear control
system, improving EV performance over conventional techniques.

2. Equations used in modelling

The differential equation for inductor current can be written as follows:
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where V' denotes the switching state, which is 1 for ON state and 0 for OFF state. The continuous-tirr

derivative of 17 can be approximated in discrete-time using Euler’s forward method as follows:
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where T is the sampling period. By using equations (1) and (2), the future value of iy; atk + 1

sampling interval can be obtained as:

T
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Equation (3) predicts the value of 1 in the next sampling interval.
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The objective of the Model Predictive Control (MPC) method is to minimize the error between the
predicted and reference values. The current error in the next sampling interval can be obtained using
the following cost function:

gi(k +1) = lipi(k) — ipa(k + 1)

As mentioned before, the main objective of MPC is to determine the optimal control action in each
sampling time for all possible switching states, such that the cost function in (4) is minimized. The cost
function requires a second term to penalize the difference between two consecutive switching states,
given as:

gu(k) = |V(k) = V(k —1)|
Thus, the total cost function is obtained by combining equations (4) and (5):
g(k +1) = gi(k + 1) + Agy (k)

where I}, is the average of 7. Assuming that V,,,; is equal to its reference V,,, in the steady-state, the

duty ratio can be written as:
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Assuming the duty ratio is known from (8), 7;,, can be expressed as:
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By substituting 7,,; = ‘;}"I" into (9), the expression of %;,, in terms of V,,; and R, is derived as:
din = anuf
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3. SIMULATION RESULTS

Fig- 2 represents the simulation output for the DC-DC SEPIC Converter using Discrete time sliding mode control when input voltage is 30,referance

voltage is 48V and the output voltage attained is 48 V with some error. It is concluded that the output voltage is greater than input voltage, so this converter
is used as boost converter.

Fig-2:Simulation results for input voltage, output voltage and inductor current
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Fig-3 represents the simulation output for the DC-DC SEPIC Converter using Discrete time sliding mode control when input voltage is 60V,referance
voltage is 48V, load resistances,R1=80 ohm and R2=80 ohm and the output voltage attained is 48 V even there is a sudden change in load resistance from
80 ohm to 40 ohm. From this it is concluded that output voltage is not sensitive to load variation.

Fig-3: Simulation results for input voltage, output voltage and inductor current

Fig-4: Simulation results for input voltage, output voltage and inductor current

Fig-4 represents the simulation output for the DC-DC SEPIC Converter using Discrete time sliding mode control when input voltage is 60,referance
voltage is 48V and the output voltage attained is 48 V. From this, it can be concluded that the output voltage is less than the input voltage, so this circuit
can be used as buck converter.

4. FUTURE SCOPE

The use of advanced non-linear control techniques for SEPIC converters in electric vehicle (EV) applications presents several promising directions for
future research and development. As EV technology continues to evolve, there is significant potential to further enhance the performance, efficiency, and
reliability of power converters. Future work could focus on the integration of intelligent control methods such as artificial intelligence (Al) and machine
learning (ML) algorithms to enable real-time adaptive control, self-tuning, and predictive maintenance capabilities. Additionally, implementing these
control strategies with digital signal processors (DSPs) and field-programmable gate arrays (FPGAs) could improve processing speed and system
responsiveness.

Research can also explore the design of highly compact, lightweight, and thermally efficient SEPIC converters, which are crucial for reducing the overall
weight and improving the range of electric vehicles. Furthermore, expanding the application of non-linear control techniques to multi-input and multi-
output (MIMO) converter systems could enable the management of complex EV architectures involving renewable energy integration, energy storage
systems, and regenerative braking. Finally, extensive real-time validation and testing under various dynamic driving conditions will be essential to ensure
robustness and reliability, paving the way for large-scale deployment of advanced converter systems in next-generation electric vehicles.
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5. CONCLUSION

The control of SEPIC converters using advanced non-linear techniques offers a powerful solution to the challenges faced in electric vehicle (EV) power
management systems. Through the application of methods such as sliding mode control, backstepping, and adaptive control, the converter’s performance
is greatly improved in terms of stability, robustness, and efficiency under varying operating conditions. These techniques effectively address issues like
input voltage fluctuations, load disturbances, and the inherent non-linear nature of power electronic systems commonly found in EVs.

The enhanced control not only ensures precise voltage regulation but also contributes to better battery utilization, increased driving range, and improved
safety and reliability of electric vehicles. By maintaining stable operation even during dynamic changes, these controllers help extend the lifespan of the
electrical components and optimize overall energy consumption.

Furthermore, the findings of this study emphasize the crucial role that intelligent and adaptive control strategies will play in the next generation of electric
vehicles. As the automotive industry pushes toward higher performance, reduced emissions, and greater energy efficiency, the development and
integration of sophisticated power converter control systems will become increasingly essential.

Overall, this work demonstrates that advanced non-linear control of SEPIC converters is a promising approach to meeting the growing demands of electric
mobility, setting the foundation for further research into smarter, more resilient, and highly efficient EV power systems.

REFERENCES

1. Inovations in Power and Advanced Computing TechnologSivakumar S, Sathik MJ, Manoj PS, Sundararajan G. An assessment on
performance of DC-DC converters for renewable energy applications.
2. Renewable and Sustainable Energy Reviews. 2016 May 1;58:147585.

3. Paez JD, Frey D, Maneiro J, Bacha S, Dworakowski P. Overview of DC-DC converters dedicated to HVdc grids. IEEE Transactions on
Power Delivery. 2018 Jun 11;34(1):119-28.

4. Taghvaee MH, Radzi MA, Moosavain SM, Hizam H, Marhaban MH. A current and future study on non-isolated DC-DC converters for
photovoltaic applications. Renewable and sustainable energy reviews. 2013 Jan 1;17:216-27.

5. Priewasser R, Agostinelli M, Unterrieder C, Marsili S, Huemer M. Modeling, control, and implementation of DC-DC converters forvariable
frequency operation. |IEEE transactions on power electronics. 2013 Mar 7;29(1):287-301.

6. Bellur DM, Kazimierczuk MK. DC-DC converters for electric vehicle applications. In2007 Electrical Insulation Conference and Electrical
Manufacturing Expo 2007 Oct 22 (pp. 286-293). IEEE.

7.  Rajakumari RF, Deshpande M. Comparative analysis of DC-DC converters. In2019 2nd International Conference on Power and Embedded
Drive Control (ICPEDC) 2019 Aug 21 (pp. 504-509). IEEE.

8.  Kircioglu O, Unlii M, Camur S. Modeling and analysis of DC-DC SEPIC converter with coupled inductors. In2016 International Symposium
on Industrial Electronics (INDEL) 2016 Nov 3 (pp. 1-5). IEEE.

9. Khodabandeh M, Afshari E, Amirabadi M. A family of Cuk, Zeta, and SEPIC based soft-switching DC-DC converters. IEEE on Power
Electronics. 2019 Jan 9;34(10):9503-19.

10. Abdel-Rahim O, Alghaythi ML, Alshammari MS, Osheba DS. Enhancing photovoltaic conversion efficiency with model predictive control
based sensor-reduced maximum power point tracking in modified SEPIC converters. IEEE Access. 2023 Sep 13.

11. Guler N, Biricik S, Bayhan S, Komurcugil H. Model predictive control of DC-DC SEPIC converters with autotuning weighting factor.|EEE
Transactions on Industrial Electronics. 2020 Sep 29;68(10):9433-43.

12. Ayyarao, Tummala SLV, et al. "War strategy optimization algorithm: a new effective metaheuristic algorithm for global optimization."IEEE
Access 10 (2022): 25073-25105.

13. Ayyarao, Tummala SLV. "Modified vector controlled DFIG wind energy system based on barrier function adaptive sliding mode control."
Protection and Control of Modern Power Systems 4.1 (2019): 1-8.

14. Tummala, Ayyarao SLV. "A robust composite wide area control of a DFIG wind energy system for damping inter- area oscillations."
Protection and Control of Modern Power Systems 5.1 (2020): 25.

15. Ayyarao, Tummala SLV, Nishanth Polumahanthi, and Baseem Khan. "An accurate parameter estimation of PEM fuel cell using war strategy
optimization." Energy 290 (2024): 130235.

16. Ayyarao, Tummala SLV, and Polamarasetty P. Kumar. "Parameter estimation of solar PV models with a newproposed war strategy
optimization algorithm." International Journal of Energy Research 46.6 (2022): 7215-7238.



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 5572-5577 April 2025 5577

17.

18.

19.

Tummala, Ayyarao SLV, et al. "Multi-input Converters for Electric Vehicles: A Comprehensive Review of Topologies, Control
Strategies,and Future Research Trends." Journal of The Institution of Engineers (India): Series B 105.2 (2024): 397-416.

Kishore, G. Indira, Tummala SLV Ayyarao, and Mudadla Venkatesh. "Performance of Integrated High Voltage Gain DC-DC Converter and
Diode Clamped Multi Level Inverter with Renewable Energy Source in Standalone Applications.” Journal of The Institution of Engineers
(India): Series B (2024): 1-9.

Gupta, Pavan Prakash, G. Indira Kishore, and Ramesh Kumar Tripathi. "Implementing High Gain DC-DC Converter with Switched Capacitor
for PV System." 2019 Inies (i-PACT). Vol. 1. IEEE, 2019



