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 This paper proposes a high-gain self-lift quadratic boost converter (SL-

QBC) topology tailored for efficient marine propulsion drive systems. The 

presented converter architecture incorporates a self-lift circuit embedded 

within a quadratic boost stage to achieve significant voltage gain while 

maintaining low component stress and high conversion efficiency. 

Specifically, the converter is capable of boosting a low input voltage of 45 V 

to a high output voltage of 473 V. The high-voltage output is then fed to the 

marine propulsion system through a three-phase, three-level neutral point 

clamped (NPC) inverter, which drives a three-phase induction motor. 

Designed to interface low-voltage DC sources such as batteries, photovoltaic 

panels, or fuel cells with high-power marine propulsion motors, the proposed 

topology offers a compact and cost-effective solution for electric and hybrid 

marine applications. The self-lift mechanism enhances voltage boosting 

capability by leveraging additional inductive and capacitive energy transfer 

paths. The topology ensures continuous current operation, reduced voltage 

ripple, and improved dynamic response, all of which are critical for smooth 

and reliable marine drive performance. Simulation results validate the 

converter’s effectiveness, confirming its potential as a robust and efficient 

power conditioning stage in next-generation marine energy systems. 
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1. INTRODUCTION 

The marine sector is increasingly adopting electric and hybrid propulsion systems to achieve 

cleaner, quieter, and more energy-efficient operation. Batteries, fuel cells, and renewable energy sources are 

commonly used in electric vessels; however, their output voltage is often insufficient to directly supply a 

high-power propulsion inverter. Therefore, a high-gain DC–DC converter is required to increase and regulate 

the source voltage before feeding the motor-drive stage. Although a conventional boost converter can provide 

voltage amplification, a large conversion ratio requires an excessive duty cycle, resulting in increased 

conduction loss, current stress, and reduced practical voltage gain. Several high step-up converter topologies 

have been developed to address these limitations. Non-coupled-inductor SEPIC, resonant switched-capacitor, 

and active-clamped coupled-inductor converters were proposed in [1]-[3] to improve voltage gain and reduce 

switching stress. A continuous input-current converter using an integrated coupled inductor was presented in [4]. 

https://creativecommons.org/licenses/by-sa/4.0/
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An interleaved converter incorporating voltage-multiplier cells and coupled inductors was introduced in [5] 

to improve gain and reduce source-current ripple. Although these configurations provide better conversion 

performance, additional magnetic components, multiplier cells, and passive devices increase circuit 

complexity, converter volume, leakage-inductance effects, and design cost. 

Quadratic boost converters offer an attractive solution because they provide a high conversion ratio 

without requiring an extremely large duty cycle. Reduced semiconductor voltage stress, lower inductor 

currents, and different inductor-conduction modes were investigated in [6]-[8]. However, quadratic 

converters exhibit higher-order dynamic behavior, which makes their regulation more challenging than that 

of conventional boost converters. Fixed-frequency sliding-mode, improved voltage-mode, and modified 

current-mode control techniques were developed in [9]-[11]. A detailed mathematical model of a low-energy-

storage quadratic converter was presented in [12] to analyze its internal energy transfer and passive-

component behavior. 

Recent studies have focused on improving voltage gain, input-current quality, and component 

utilization. Quadratic extended-duty-ratio converters, reduced-ripple topologies, and converters with 

continuous input and output currents were reported in [13]-[15]. Single-switch switched-capacitor, integrated 

coupled-inductor, and silicon-carbide-based quadratic converters were proposed in [16]-[18]. A non-series 

energy-transfer switching strategy was investigated in [19] to modify the power-transfer process of a 

conventional quadratic converter. Despite these developments, many reported configurations still require 

coupled inductors, additional switching cells, specialized semiconductor devices, or complicated operating 

strategies. Self-lift circuits provide another method for improving converter gain through the controlled 

charging and discharging of lift capacitors. The time-domain behavior of a quadratic boost converter 

incorporating a self-lift circuit was examined in [20], whereas the present work extends it by integrating the 

converter with a three-level NPC inverter for a complete marine induction-motor propulsion drive. A double-

self-lift cell was subsequently integrated into a modified quadratic converter for fuel-cell applications in [21]. 

These studies demonstrated that self-lift techniques can improve voltage gain without forcing the converter to 

operate at an excessively high duty cycle. However, their application as the front-end power-conversion stage 

of a complete marine propulsion drive has received limited attention. 

Converter regulation under variations in source voltage and propulsion load is also essential. 

Sliding-mode control, optimization-assisted PID control, and predictive control techniques were investigated 

for renewable-energy and multilevel converter systems in [22]-[24]. At the inverter stage, multilevel 

structures provide lower harmonic distortion and reduced semiconductor voltage stress compared with 

conventional two-level inverters. Reduced-switch multilevel inverter topologies for renewable-energy 

integration and motor-drive applications were reviewed in [25]. In this work, a self-lift quadratic boost 

converter is integrated with a three-phase, three-level neutral-point-clamped inverter for a marine induction-

motor propulsion system. The proposed SLQBC combines quadratic voltage amplification with a self-lift 

network to generate the required DC-link voltage without an excessive duty cycle. The schematic 

representation of a marine propulsion system using SL-QBC and NPC inverter is shown in Figure 1. 
 

 

 
 

Figure 1. Marine propulsion system using SL-QBC and NPC inverter 

 

 

2. PROPOSED SELF-LIFT QUADRATIC BOOST CONVERTER 

The proposed self-lift quadratic boost converter (SL-QBC) is a high-gain DC-DC converter 

topology designed to interface low-voltage sources with high-voltage marine propulsion systems. Figure 2 

depicts the proposed self-lift quadratic boost converter with NPC. This converter combines the benefits of a 

conventional quadratic boost converter with a self-lift circuit to significantly increase the voltage conversion 
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ratio while maintaining high efficiency and reduced component stress. The circuit consists of a primary 

inductor L₁, auxiliary inductors L₂ and L₃, and several passive and active components including diodes D₀ to 

D₇, capacitors C₀ to C₄, and a power switch S. The input source Vin, typically a battery or a fuel cell stack, is 

connected to L₁, which plays a crucial role in the energy storage process. 

The converter's structure can be broken down into three functional parts: the primary boost stage, the 

quadratic extension, and the self-lift unit. The primary boost stage includes L₁, diode D₁, and capacitor C₄, 

which initially step up the input voltage. The quadratic stage, formed through diode D₆ and capacitor C₁, 

further increases the voltage by using a voltage stacking principle. The most critical section is the self-lift 

circuit, comprising L₂, L₃, C₂, and diodes D₂, D₃, and D₇. This part of the converter facilitates energy 

regeneration and efficient voltage transfer to the output side by creating an additional boosting path. The final 

output is filtered through capacitor C₀ and delivered to the load R₀ through the diode network that also 

prevents reverse current. The design ensures continuous input current, minimized voltage stress on the 

switch, and an overall high step-up gain, which is critical in electric marine propulsion where high-voltage 

motors are driven by low-voltage renewable or battery sources. 

 

 

 
 

Figure 2. Self-lift quadratic boost converter with NPC inverter for marine induction motor drive 

 

 

3. SIMULATION RESULTS AND DISCUSSION 

MATLAB/Simulink was utilized to simulate the performance of the proposed self-lift quadratic 

boost converter (SL-QBC); the outputs are shown in the figures. The simulation outputs demonstrate the 

effectiveness of the designed converter-inverter architecture in delivering high gain and efficient motor 

control. The input voltage, as depicted in Figure 3, is maintained at 45 V. Through the high-gain DC-DC 

conversion stage, this input is efficiently boosted to an output voltage of 430 V across the R-load, as shown 

in Figure 4. This significant voltage gain validates the performance of the converter topology. Table 1 

presents the simulation parameters of QBC. 

 

 

  
 

Figure 3. Input voltage of the converter 

 

Figure 4. Output voltage of the converter 

 



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

 

A self-lift quadratic boost converter topology for efficient marine propulsion … (Subbulakshmy Ramamurthi) 

1855 

Table 1. Simulation parameters 
Component Value Component Value 

Input voltage Vin 45 V Inductor L2, L3 100 µH each 
Output voltage Vout 473 V Capacitor C1, C2 4 µF each 

Switching frequency 10 kHz Capacitor C3 2.2 µF 

Duty cycle (D) 0.6 Capacitor C4, C5 650 nF each 
Inductor L1 200 µH Output capacitor C0 470 µF 

 

 

The output current through the R-load, illustrated in Figure 5, is approximately 6.5 A, which 

complements the voltage waveform and confirms stable power delivery to the load. Correspondingly,  

Figure 6 presents the output power, which reaches around 1500 W, indicating efficient energy conversion 

with minimal losses. The output voltage of the NPC inverter, as shown in Figure 7, is approximately 2000 V. 

This high output voltage ensures the motor receives adequate excitation for operation. Induction motor 

performance is further validated in Figure 8, where the speed of the induction motor is recorded at 1800 

RPM, representing synchronous operation under the given load. The corresponding electromagnetic torque, 

shown in Figure 9, is around 600 Nm, reflecting the system's ability to provide the necessary mechanical 

drive torque without significant fluctuations. 
 

 

 
 

Figure 5. Output current of converter 
 

 

 
 

Figure 6. Output power of converter 

 

 

 
 

 

Figure 7. Output voltage of NPC inverter 

 

Figure 8. Speed of induction motor 
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Figure 9. Torque of induction motor 
 

 

4. CONCLUSION 

This paper presented a self-lift quadratic boost converter integrated with an NPC inverter and 

induction motor drive for efficient marine propulsion applications. The proposed converter topology 

successfully achieves a high voltage gain from a low-level input, making it highly suitable for systems where 

space and power supply are constrained, such as marine environments. MATLAB/Simulink-based simulation 

results validated the converter’s performance, demonstrating stable output voltage (430 V) and power  

(1500 W) with an input of just 45 V. The NPC inverter efficiently delivered 2000 V to the motor drive, 

achieving a steady speed of 1800 RPM and a torque output of 600 Nm, ensuring smooth and reliable 

propulsion. The proposed system not only enhances the efficiency and responsiveness of marine drives but 

also contributes to reduced component stress and improved system longevity. Future work may involve 

hardware implementation and performance evaluation under dynamic sea load conditions. 
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