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Abstract

This article provides an in-depth discussion of the sliding mode variable structure control theory for
buck converters and derives the dynamic equations that describe the behavior of such converters. A
novel sliding mode control (SMC) strategy for buck converters is introduced, specifically designed to
maintain stable output voltage despite sudden changes in load and input voltage. Moreover, the paper
proposes a dual-loop control approach, comprising an inner current control loop and an outer voltage
control loop. The current loop utilizes sliding mode control, while the voltage loop employs linear PI
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(Proportional-Integral) control. The performance of these two control strategies is compared under
conditions ofload step changes and input voltage variations. Simulations are conducted using Matlab/
Simulink, demonstrating that the proposed method significantly reduces the steady-state error of the
buck converter, enhances its dynamic response, and improves the system’s immunity to disturbances,
thus increasing its robustness against load surges and input voltage fluctuations.
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Figure 1. Topology of BUCK converter
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Figure 2. BUCK converter voltage control
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Figure 3. Sliding mode control system model of BUCK converter
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Table 1. Buck converter specification sheet
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Figure 4. SMC + PI double closed loop control system block diagram
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Figure 5. Simulation waveform of the output voltage of two control methods when the load resistance value

does not change
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Figure 6. Simulation waveform of system output voltage of two control methods when load resistance

value changes
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Figure 7. System steady-state errors of two control methods when the load resistance value changes
abruptly
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Figure 8. Output response curves of two control methods when input voltage changes
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