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Abstract: This study presents a method to enhance energy efficiency and power quality in a brushless DC (BLDC)
motor drive system targeted at low-power household appliances. The proposed system employs Hall-effect sensors for
rotor position detection, enabling precise electronic commutation via a six-step voltage source inverter (VSI). The
inverter is powered by a single-phase diode bridge rectifier paired with a boost converter, which regulates the DC link
voltage to enable smooth speed control of the motor. By dynamically adjusting the DC bus voltage through the boost
converter, the motor’s operational efficiency is optimized, reducing energy consumption while mitigating input current
harmonics. The six-step commutation technique further simplifies control logic and minimizes switching losses,
contributing to improved power quality. A comprehensive performance evaluation of the drive system, including its
dynamic response and steady-state behavior, is conducted using MATLAB/Simulink simulations. The results validate
the effectiveness of the proposed configuration in achieving energy savings and harmonic reduction, making it suitable
for applications such as variable-speed fans and cooling systems.

Index Terms: BLDC Motor, Six-Step Inverter, Boost Converter, Hall-Effect Sensors, MATLAB/Simulink, Power

Quality.

INTRODUCTION
In the context of rising global energy demands, optimizing the power efficiency of domestic appliances has become
critical for reducing grid strain and operational costs. Brushless DC (BLDC) motors have emerged as a transformative
technology across industries, including household applications, due to their superior performance characteristics. These
motors offer high efficiency, compact design with exceptional flux density, minimal maintenance, and reduced acoustic
noise compared to traditional brushed counterparts. Their adoption in appliances such as fans, refrigerators, and air
conditioners aligns with the growing emphasis on sustainable energy solutions.
The permanent magnet BLDC (PMBLDC) motor features a stator with three-phase windings energized by a voltage
source inverter and a rotor embedded with permanent magnets. This configuration eliminates mechanical brushes,
relying instead on electronic commutation—a process synchronized with rotor position data typically provided by Hall-
effect sensors. By integrating a six-step inverter, commutation is achieved through trapezoidal current waveforms,
which simplify control logic and reduce switching losses. This topology enhances power quality by minimizing
harmonic distortion, a common issue in pulse-width modulation (PWM)-driven systems.
Key to this study is the motor’s drive system, comprising a single-phase diode rectifier, a DC-DC boost converter, and
the six-step inverter. The boost converter dynamically adjusts the DC link voltage, enabling smooth speed control while
mitigating input current harmonics. This approach not only optimizes energy efficiency but also extends the motor’s
operational lifespan by reducing thermal stress on components. The Hall-effect sensors ensure precise rotor alignment
detection, critical for the six-step commutation’s timing and reliability.
By focusing on low-power household applications, this work demonstrates how the synergy between a six-step inverter
and boost converter elevates performance metrics, marrying energy savings with robust power delivery. The subsequent
sections validate this architecture through MATLAB/Simulink simulations, underscoring its viability for modern
energy-conscious appliances.
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BASIC STRUCTURE OF A BOOST CONVERTER

A boost converter (or step-up converter) (Figure 1) is a type of DC-DC power converter designed to elevate the input

voltage to a higher output level while reducing the current. As a member of the switched-mode power supply (SMPS)

family, it achieves this through rapid switching of semiconductor devices, ensuring high efficiency by minimizing

energy dissipation.

Core Components:
1. Semiconductors:

e Transistor (e.g., MOSFET): Acts as a high-frequency switch, controlling energy transfer.

e Diode: Facilitates unidirectional current flow, blocking reverse voltage during switching.
2. Energy Storage Elements:

e Inductor: Stores energy in its magnetic field when the transistor conducts and releases it during the off-

state.
e Capacitor: Smooths the output voltage, mitigating fluctuations caused by switching.
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Figure 1 Basic Structure of Boost Converter

Voltage Ripple Mitigation:
To suppress voltage ripple—a residual AC component in the DC output—passive filters are employed:

e Input Filter: A combination of capacitors and/or inductors placed at the input side to stabilize the supply
voltage.

e Output Filter: A capacitor-inductor network at the load side to further smooth the output waveform.

OPERATIONAL PRINCIPLE

The converter alternates between two states:

1. Switch ON: Current flows through the inductor, storing energy.

2. Switch OFF: The Inductor releases energy, combining with the input voltage to charge the capacitor and

supply the load.

By cycling between these states at high frequency, the boost converter efficiently steps up voltage while maintaining a
regulated output, making it ideal for applications like renewable energy systems and battery-powered devices.
Stage 1: Initial MOSFET ON State (Figure 2)
When a high-frequency square wave is applied to the MOSFET gate during startup, the MOSFET enters its conduction
phase. This creates a low-impedance path from the right side of the inductor (L1) to the negative terminal of the input
supply (VIN). Current flows through L1, storing energy in its magnetic field. During this phase, the diode (D1) remains
reverse-biased due to the voltage across the capacitor (C1) and the load, which present significantly higher impedance
than the conducting MOSFET. As a result, minimal current flows through D1, C1, or the load.
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Figure 2. Model Switch is ON, Diode is OFF
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Stage 2: MOSFET OFF State (Figure 3)

When the MOSFET is switched off abruptly, the sudden collapse of current through L; induces a back electromotive
force (EMF) with polarity opposite to that during the ON state. This back EMF (V) adds to the input voltage (Vin),
creating a combined voltage (Vin+VL) that forward-biases D;. Current now flows through D,, charging C; to a voltage
slightly below V\n+V. (accounting for D1’s forward voltage drop) and simultaneously powering the load.
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Figure 3. Mode2 Switch is OF, Diode is ON
Stage 3: Steady-State Operation
In subsequent switching cycles, when the MOSFET is turned on again, Ci’s stored charge makes the cathode of D1 more
positive than its anode, reverse-biasing the diode. This isolates the output stage from the input, allowing C; to discharge
and sustain the load during the MOSFET’s ON period. When the MOSFET switches off, L1 again releases energy,
recharging Ci and maintaining a stable output voltage (Vour) despite load variations.

EXISTING SYSTEM
(Figure 4 )Conventional BLDC motor drives typically employ a basic architecture comprising a single-phase diode
bridge rectifier and a bulk DC-link capacitor. While cost-effective, this configuration suffers from significant
drawbacks:

e High Harmonic Distortion: The rectifier draws discontinuous, peaky currents from the AC mains, introducing
substantial low-order harmonics (e.g., 3rd, 5th) into the grid.

e Poor Power Factor: The absence of active power factor correction (PFC) results in a distorted input current
waveform, degrading grid power quality.

e Sensorless Operation: Traditional systems often rely on sensorless commutation methods, which estimate rotor
position using back-EMF zero-crossing detection. However, this approach can falter at low speeds or under
dynamic load conditions, leading to torque ripple and inefficiency.

e Speed Control Limitations: Without closed-loop regulation, speed adjustments are coarse, achieved by varying
the DC-link voltage through passive components.

OPERATION OF THE PROPOSED SYSTEM

AC-DC CONVERSION DC LINK VOLTAGE SIX-STEP INVERTER
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Figure 4. Operation of proposed system
(Figure 4) The proposed system for driving the permanent magnet brushless DC (PMBLDC) motor in a ceiling fan
integrates a multi-stage power conversion architecture to enhance efficiency and power quality. The system comprises
three primary stages: a single-phase diode bridge rectifier (DBR), a DC-DC boost converter, and a six-step voltage
source inverter (VSI), as illustrated below:
1. AC-DC Conversion (Diode Bridge Rectifier):
The AC mains supply is first rectified to DC using a single-phase DBR. This stage converts the alternating
voltage into an unregulated DC voltage, which serves as the input to the subsequent boost converter.
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2.

DC Link Voltage Regulation (Boost Converter):
A boost converter is employed as an active power factor correction (PFC) stage to elevate the DC link voltage
while ensuring near-sinusoidal input current. Key features include:

e High-Frequency Switching: A MOSFET operates at elevated switching frequencies (e.g., 20-100 kHz)
to minimize input current harmonics and achieve unity power factor.

e Reduced Component Count: The boost topology minimizes passive components (inductors,
capacitors), lowering cost and size.

e PIl-Based Voltage Control: A proportional-integral (PI) controller dynamically adjusts the MOSFET’s
duty cycle to regulate the DC link voltage, enabling precise motor speed control.
Six-Step Inverter Commutation:
The regulated DC link voltage feeds a six-step VSI, which generates trapezoidal current waveforms to drive the
PMBLDC motor. Critical operational aspects include:

e Rotor Position Sensing: Hall-effect sensors provide real-time rotor position data, triggering the
inverter’s switches in a predefined six-step sequence (120° conduction intervals).

e Electronic Commutation: The six-step switching aligns with the motor’s back-EMF profile, reducing
switching losses compared to pulse-width modulation (PWM) techniques.

e Speed Regulation: By modulating the DC link voltage via the boost converter, the PI controller ensures
smooth speed adjustments under varying load conditions.

SCHEMATIC DIAGRAM OF THE PROPOSED SYSTEM

The schematic diagram of the proposed BLDC motor drive system, powered by a six-step inverter, is structured as
follows (Fig. 5):
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Figure 5. Six-Step Inverter with Active PFC for BLDC Motor

AC Mains to DC Conversion: A step-down transformer reduces the AC mains voltage (e.g., 230V AC) to a
lower AC voltage (e.g., 24V AC) suitable for the circuit. A single-phase diode bridge rectifier (DBR) converts
the stepped-down AC voltage into unregulated DC.

DC-DC Boost Converter with PFC: The rectified DC feeds a boost converter, comprising an inductor (L),
MOSFET (S.), diode (D,), and output capacitor (C1). The MOSFET operates at high switching frequency (e.g.,
50 kHz) to elevate the DC link voltage while shaping the input current to a sinusoidal waveform, achieving
near-unity power factor. A voltage measurement block monitors the output voltage across the load resistor (Rioad
), validating the boost converter’s ability to regulate VDC (e.g., stepping up 12V input to 24V).

Six-Step Voltage Source Inverter (VSI): The regulated DC link voltage powers a three-phase VSI, which
drives the BLDC motor using a six-step commutation sequence. Hall-Effect Sensors(Figure 7) : Embedded
in the motor, these sensors detect rotor position and send signals to a pulse generator, which triggers the
inverter’s switches (e.g., MOSFETs/IGBTs) in 120° conduction intervals (Figure 6).
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Figure 7. Hall Sensor Module

4. Closed-Loop Speed Control: (Figure 8)A PI controller compares the motor’s actual speed (derived from Hall
sensor feedback) with a reference speed. The controller adjusts the boost converter’s duty cycle to

modulate VDC, thereby controlling motor speed.
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Figure 8. PI Controller

RESULTS
The proposed BLDC motor drive system, incorporating a six-step inverter and boost converter with closed-loop control,
is validated through MATLAB/Simulink simulations. Key performance metrics are analyzed as follows:
1. Boost Converter Output (Figure 9):
e The boost converter successfully elevates the input voltage to a regulated DC link voltage with minimal
ripple (<5%).
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Figure 9. Converter Output Voltage
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e The output waveform demonstrates stable voltage regulation under dynamic load conditions, validating
the PI controller’s effectiveness in maintaining the desired DC link voltage (Figure 10).
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Figure 10. Effective DC link Voltage

2. Closed-Loop Speed Control Performance:
e Wide Speed Range: The closed-loop system achieves precise speed control across a broad range (e.g.,
500-2000 RPM) by dynamically adjusting the DC link voltage via the boost converter’s duty cycle

(Figure 11).
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Figure 11. Rotor Speed

e Enhanced Efficiency: Compared to open-loop systems, closed-loop control reduces energy losses by
15-20% due to optimized voltage regulation and minimized current harmonics.

e Rapid Dynamic Response: The PI controller ensures swift settling time (<0.2s) during load transients,
maintaining consistent motor speed without overshoot.
3. Torque Characteristics (figure 12):
e The closed-loop system exhibits superior torque performance, with 30% lower torque
ripple compared to open-loop operation. This improvement stems from: Precise six-Step commutation
synchronized with Hall-effect sensor feedback. Reduced current harmonics from the boost converter’s

power factor correction (PFC).

e The trapezoidal phase currents generated by the six-step inverter align closely with the motor’s back-
EMF profile, enhancing torque consistency(Figure 13).
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Figure 12. Electro magnetic Torque
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Figure 13. Rotor Current & Voltage

CONCLUSION

This study demonstrates a cost-effective and energy-efficient drive system for brushless DC (BLDC) motors, combining
a six-step inverter and a boost converter with active power factor correction (PFC). The proposed architecture achieves
precise speed control and constant torque output through closed-loop Pl regulation, addressing the limitations of
conventional sensorless BLDC drives. Key contributions include:

1.

9.

Enhanced Efficiency & Power Quality: The boost converter ensures near-unity power factor (>0.98) and
reduces input current total harmonic distortion (THD) to <5%, complying with international standards. The six-
step inverter minimizes switching losses through trapezoidal commutation, synchronized with Hall-effect
sensor feedback, reducing torque ripple by 30% compared to open-loop systems.

Robust Speed Regulation: Speed is controlled by adjusting the DC link voltage via the boost converter’s duty
cycle, enabling a wide operational range with rapid dynamic response (<0.2s settling time). PWM-based voltage
modulation and PI control ensure stable performance under varying loads, enhancing energy efficiency by 15—
20%.

Application Versatility: The system is validated for low-power household appliances (e.g., ceiling fans,
pumps) but can be adapted for medical, automotive, and industrial applications with minor modifications.
Electronic commutation eliminates mechanical brushes, reducing maintenance and extending motor lifespan,
making it ideal for continuous-duty applications.

Cost-Effective Design: Simplified control logic, fewer passive components, and sensor-based commutation
balance performance with affordability.
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