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I. INTRODUCTION

Nowadays, grid integration and renewable energy sources are the primary areas of research study. Due to fossil fuels are
becoming extinct and their emissions affect the environment, the usage of renewable energy sources has been growing. Decentralized
generation (DG) is connected using both island/isolated and grid-connected techniques [1]. The grid-connected state has significant
advantages over the island state. In grid-connected state, the grid provides power to the load is able to meet its demand in the event that
there is any problem with the decentralized generation (DG). Depending on the type of system, converters including inverters, rectifiers,
and filters are required for connecting decentralized generation (DG) to the grid. An extensive collection of decentralized generation
systems is called a microgrid [2]. Compared to AC microgrids, DC microgrids are more effective, like the absence of reactive power and
synchronization problems [3], [4]. DC microgrids have greater power transfer capabilities [5]. A DC microgrid's power flow is more
robust due to multiple sources can connect to a single bus [6].

To integrate a AC main grid with the DC microgrid, a converter is required. These include multilevel converters, voltage source
converters (VSC) and current source converters (CSC) [7]. Multilevel converters are utilized for large power applications, while voltage
source converters operate efficiently for small and medium power applications. Current source converters (CSC’s) need external AC
capacitors for reactive power compensation and required forced or line commutation. VSCs are the most compatible and widely used
topologies. But due to its complex construction and lack of adaptability when extending the voltage or power range, VSC is not suitable
for high power applications. For high power applications modular multilevel converter is used. Capacitors and at the DC bus, additional
passive filters are not necessary with MMCs, which is an advantage [8]. For DC Microgrid protection, the differential overcurrent relay
is used near to the transformer for precise fault detection [9].
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Il. FAULT PROTECTION ANALYSIS

On a microgrid, the current direction changed whenever a fault occurred [10]. Circuit breakers receive the signal from relays
and turn off the system that is out of fault. The DC Microgrid current direction before and after the fault develops as shown in the diagram
below [11], [12].
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Figure 1: Before and after fault DC Microgrid current direction.
Source: Authors, (2026).

The VSC and MMC act as switch between the AC main and the DC microgrid, as shown below [9].
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Figure 2: VSC/MMC acts as switch between DC and AC system.
Source: Authors, (2026).

The circuit design for the MMC and VSC are shown below. Capacitors are present in the Modular Multilevel Converter's (MMC)
sub module block. In order to safeguard the DC Microgrid against faults, the MMC does not require any external large capacitors [13-
15].
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Figure 3: VSC circuit diagram. Figure 4: MMC circuit diagram.

Source: Authors, (2026).

The three cases below shows the fault that occurred on the DC side. The condition before the fault occurred was t,. At this point,
the cable current is zero and the capacitor reaches its full charge. At t,, the fault occurred, the cable current is gradually increasing, and
the capacitor's stored charge is gradually decreasing. When the capacitor's stored charge reaches zero at t;, the grid gradually begins
feeding. The charging of the capacitor starts at t, [16].
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Figure 5: Fault characteristics.
Source: Authors, (2026).

1. SIMULATION
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Figure 6: Simulink design of DC Microgrid and AC Main Grid with Voltage Source Converter (VSC).

Source: Authors, (2026).
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Figure 7: Simulink design of DC Microgrid and AC Main Grid with 32 IGBT Modular Multilevel Converter (MMC).

Source: Authors, (2026).
Table 1: AC Main Grid specifications.

Name of parameters

Value

Phase to phase voltage (1}.,,s) of three-phase Grid

25 KV

Nominal power of three-phase transformer

100 KVA

Active power of three phase series RLC load

10 KW

AN Pz

Nominal phase to phase voltage (V,,,s)

440 V

Source: Authors, (2026).
IV. RESULTS AND DISCUSSIONS
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Figure 8: Voltage, current and diode current of PV system.

Source: Authors, (2026).
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Figure 9: Output voltage of DC Microgrid.
Source: Authors, (2026).
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Figure 10: Battery parameters.
Source: Authors, (2026).

The figures mentioned above display the voltage, current, and diode current of the PV system. A DC microgrid's output voltage
is 1.169KV. Lithium-ion battery parameters are displayed.

IV.1 FAULT CONDITION (LLLG) OF VSC
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Figure 11: Voltage and current of AC Main Grid by using VSC.
Source: Authors, (2026).
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Figure 12: Voltage of VSC.
Source: Authors, (2026).

The LLLG fault is applied between 0.3 and 0.5 seconds on the AC Main Grid. Variations in AC Main Grid voltage and current
are noted before to, during, and after fault clearance conditions. But the fault does not much interpret the voltage of Voltage Source
Converter. In this way, the Voltage Source Converter protects the DC microgrid from faults.

IV.1.1 Fault Condition (LLLG) of MMC
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Figure 13: Voltage and current of AC Main Grid by using MMC.

Source: Authors, (2026).

The LLLG fault is applied between 0.3 and 0.5 seconds on the AC Main Grid. Variations of voltage and current in AC Main
Grid are noted before, during, and after fault clearance conditions. But the fault does not much interpret the voltage of the modular

multilevel converter.
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Figure 14: Voltage of MMC.
Source: Authors, (2026).
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Figure 15: Waveforms of power and modulation index.
Source: Authors, (2026).

An inverter with six switches three for the positive arm and three for the negative arm is created using MMC circuit 32 IGBT.
When the model is ready, it runs for one second, and on the AC Main Grid side, fault is imposed at time periods of 0.3 and 0.5 seconds.
For voltage regulation, an MMC based on VSC is used. The triggering signal is produced by a triangle waveform generated by MMC
with PWM [17], and the reference voltage is controlled by a circuit. The PWM input receives a reference voltage of 1pu that is generated
in the controlling structure.
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Figure 16: FFT Plot of VSC. Figure 17: FFT Plot of MMC.
Source: Authors, (2026). Source: Authors, (2026).

IV.1.2 Comparative Study
The Comparison of (THD)% of VSC and MMC is shown below.
Table 2: Comparison of (THD)% of VSC and MMC.

Parameters VSC MMC
Total Harmonic Distortion (THD)% 102.02 3.17
Fundamental Frequency (50Hz) 437.6 566.2

Source: Authors, (2026).

From the comparative study, the total harmonic distortion (THD) percentage of the voltage source converter (VSC) is 102.02%,
whereas that of the modular multilevel converter (MMC) is 3.17%. The Modular Multilevel Converter (MMC) lowers harmonic
frequencies. In terms of DC Microgrid protection, this indicates that the modular multilevel converter performs better than the voltage
source converter.
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V. CONCLUSIONS

MATLAB Simulink is used to analyze the DC microgrid's fault protection analysis using a VSC and a MMC. When compared
to a voltage source converter, the THD analysis of a 32-level IGBT modular multilevel converter based on VSC exhibits good results.
When the AC main grid has a fault, the 32-level IGBT modular multilevel converter based on VSC operates better at protecting the DC
microgrid. The Power Electronics Building Block model is used due of the system's highly modular design and execution. Only a
differential relay is used for fault protection and a PI controller is used. Neural network ANFIS converters, various relays and filters can
be used further.
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