Development of Solar-Powered Energy and
Wind Power Converters for the Application in

Green Energy House Storage Systems
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Abstract

This project aims to develop a power converter for solar and wind power generation,
specifically for the application and development of a green energy house storage system. The
power converter designed in the project consists of a DC voltage source flowing into the gate
driver and half-bridge circuit, which is composed of components such as capacitors, inductors,
and loads. Additionally, the system is controlled by a digital signal processing microcontrollers
with programming, providing signals and forming a complete closed-loop control for the power

converter.

The first stage of the system simulates wind power generation through a DC motor and
generates a 110V DC via a rectifier. This voltage is then reduced to 48V through a buck
converter, which can charge the 48V battery of the green energy house. In the second stage, the
48V is further reduced to 24V by another buck converter, allowing it to charge a 24V battery
suited for the green energy house. Furthermore, when the first stage's power supply is unstable,
the system can boost the voltage from the 24V battery back to 48V for use by the 48V power
devices. This architecture achieves the structure of a microgrid, aiming to reduce energy waste

and reach the goal of sustainable operation through this microgrid setup.

Keywords : DC-DC converter, DSP, wind power generation, voltage feedback control,

current feedback control, microgrid, pulse width modulation.
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I. INTRODUCTION

Due to the increasingly severe issue of global warming, the impact of thermal power
generation has attracted attention worldwide. Many countries are now beginning to develop
new green energy industries in an effort to provide alternative energy sources. However,
research in green energy is various, and integrating these energy sources is a challenge.
Therefore, we aim to design an energy system that integrates electricity generated from wind
power and solar energy into a stable and reliable green energy house storage system, providing

these energy sources for users.

In this two semesters’ research project, we divided our work into three major categories:
software simulation, DSP (Digital Signal Processing) programming, and hardware circuit
experimentation. Our team collaborated closely, like resoldering components to assemble

circuits, PI control design and hardware testing. We complete each step progressively.

Our main focus includes wind power generation system testing, DC to DC buck converters,
and DC to DC boost converters. We use the TMS320F28379D microcontroller as the main
controller, combining a sensor board and gate driver to control the converters. By programming
the TMS320F28379D and using the sensor board to give feedback to the actual values, we

employ the PI control method to achieve closed-loop control.



II. RESEARCH METHODOLOGY

Fig. 1, shows the system design diagram of this project, there is a wind power generator
in the first stage that produces 110V DC. This voltage is then reduced to 48V through a buck
converter to charge the green energy house’s battery and supply the power to the load. In the
second stage, the voltage is further reduced from 48V to 24V using another buck converter,
which charges the green energy house’s battery and powers the load. When the wind power
supply becomes unstable, the 24V battery can charge to 48V through a boost converter,
ensuring that the 48V load continues to be powered. This structure helps achieve the purpose
of a microgrid system.

Fig. 1. System Design Diagram.
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Gate Driver

The main function is to access the EPWM signal and let the signal drive the converter.
The main IC in the gate driver is an isolated dual-channel gate driver, so it can avoid danger
when using higher voltage.

Sensor Board

The function of this sensor board is to convert the current or voltage that we want to
measure into an ADC signal. This signal can be converted into a digital signal for measurement
using DSP programming.

Programming Process

In the project, we use TMS28379D Dual-Core Microcontrollers and use CCS code to
write programs. We focus on writing programs about signal generation and PI controller.

Producing Switching Signal

We use a code to generate a 20kHz square wave through DSP, with a duty cycle of 50%,
and generate two complementary signals (PWMA and PWMB) for the gate driver. Afterwards,
we connect the gate driver and half bridge, and measure whether the two signals obtained from
the half bridge are complementary.

Control Methods

We employ the PI control method as our feedback control approach. PI control can
eliminate steady-state errors and optimize the settling time by adjusting the two parameters Kp
and Ki of the PI controller. Voltage and current values are returned to the computer, and the PI
control processes can achieve a voltage-current dual-loop feedback control. The processed
EPWM signals generated by the PI controller are transmitted to the gate driver, completing a
closed-loop control system.



III. EXPERIMENTAL RESULTS

Wind Power Generation
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Fig. 2. Situation of Motor Speed and Output Voltage under Different Loads.

It can be observed that at low output voltages, there is a sharp change in speed. This
situation should be due to the motor needing to increase to a certain voltage to provide a certain
speed. We can find that if the resistance is larger, this situation is less obvious. We know the
power formulais P = V?/ R - When the voltage is fixed, a smaller resistance (R) results in
greater power. In addition, P = I X V, when the voltage is fixed, a greater power results in
the greater current, which also means the load is greater. From the Fig. 14f, it can also be
found that when the load is lighter, compared to the heavy load, it is easier to generate

electricity and produce speed.

From the results, we can observe the motor under different loads can all produce the
DC 120V. As a result, we can use the DC 110V to be the input voltage in the first stage.



Open-loop Converter
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Fig. 3. Measured Steady-state Waveform of Buck Converter (48V to 24V).

It can be observed that Vout stabilizes at 23V, and the current does not enter to
Discontinuous Conduction Mode (DCM), indicating that the buck converter works properly.
However, due to the power losses and other factors in the actual components, the output
cannot perfectly reach 24V. Therefore, we need closed-loop control to adjust the output

voltage, ensuring it reaches the ideal value.

Closed-loop Converter
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Fig. 4. Measured 48V to 24V Buck Converter Waveforms at Loads Changed.

Changing the load from 24Q to 12 Q to 24 Q, so the power was changed from 25W to
50W to 25W. In the figure, Vout represents the output voltage at load and i; means the
inductor current. When the load switch, V,,; is easily and fast to stabilize at 24V under PI

control. Also, i; was controlled easily and the current spike did not exceed 4A.



Physical Circuit

Fig. 5. Photos of the Practical Circuit.

1. DC Power Supply : Simulation of rectified wind power generation and the

supply of operating voltages to circuit.

2. Oscilloscope : Observing the waveforms of voltages and currents.
3. DSP Microcontroller : Generating the EPWM signal and access the feedback

values from sensorboard.

4. Gate Driver and Half Bridge : Receiving EPWM signal to drive the converter.
5. Sensorboard : Returning the values of current/voltage from closed loop.

6. Inductor ~ 7. Capacitor ~ 8. Load : Constructing the converter.



IV. CONCLUSION

The project combines the converter with green energy generation and achieves PI control
through a DSP microcontroller, allowing the system to stably output voltage and current under
different load conditions.

The system architecture includes a wind power generator simulated by DC motor and an
induction generator, DC to DC converters, and closed-loop control systems with using a DSP
microcontroller. We have completed the project including wind power generation tests, 24V to
48V boost converter and 48V to 24V buck converter.

Through the DSP PI control system, the project’s system can stabilize fast and precisely.
This can let the system raise the energy efficiency. In addition, the green energy is important
to protect the environment. As a result, we believe that the system’s design can be widely
applied in more areas.
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