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Figure 14. (a). Id current , (b). Iq current , (c). VSI output 3φ
- current during the fault condition , (d). Output 3φ - voltage
during the fault condition .
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Figure 15. THD analysis of VSI output current(a).for PI
controller, (b). THD analysis of DG units (shown in fig. 7) during
a sudden load change in IS mode.
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4 Eigenvalue spectrum of the standalone system

Figure 16. Eigenvalue spectrum of three VSI in standalone mode

The eigenvalue spectrum of the consider network in
fig. 16 demonstrates the effectiveness of the designed
controller system. The negative eigenvalues indicate
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Figure 17. Stability analysis of the three VSI standalone system when sudden load increased at 0.5 sec

that the system remains stable during standalone
operation. The different cluster positions show the
different modes in the microgrid system, such as
distribution line, filter, power, voltage, and current
controller state variables. Fig. 17 and 18 demonstrates
the effectiveness of the controller tracking performance
when there is a sudden 20% increase in load-1 at DG-
1. The small load variation at a particular DG in the
network, while here the load increase occurs at 0.5
seconds, leading to changes in active power sharing and
consequently affecting the VSI frequency shown in the
figure. However, active power oscillations may occur
between parallel inverters during the load fluctuations,
but here the power flow is smooth without using any
external damping techniques.

5.4. Controller performance validation

The plant function, considering all aspects outlined
in section III, and tested it in MATLAB/SIMULINK.
This testing helps us select accurate parameters in
line with standard requirements [4], [9]. The controller
gain values have been diligently calculated using three
distinct methods to optimize controller performance
during operation. These optimization algorithms have
been implemented in custom m-files. The effectiveness
of the controller loop optimization has been rigorously
tested and verified using the Typhoon real-time
emulator model-604, which provides an impressive 20-
nsec sampling resolution. In fig. 19(a), the schematic
editor is used for VSI modeling purposes, which
is compiled with the real-time hardware emulator
set-up, and the SCADA (Supervisory Control And
Data Acquisition) panel is used for monitoring and

visualization of the output results. The Typhoon set-
up is connected through the Ethernet connection mode
to the desktop system. The validation on Hardware-
In-Loop implementation is completely reliable for the
coordinated power feeding to the utility from different
power generation sources through the connected power
converter as shown in fig. 19(b).

5.5. Discussion
According to the findings in [9], the parameter opti-
mization has yielded satisfactory results, as the THD
level of the VSI output current remains consistently
below 3%. In direct comparison to the results presented
in [14], it is evident that the filter and controller param-
eters, as well as the resulting THD levels, are improved
and better than the given results in the mentioned
paper for the same inverter rating. Moreover, weak
grid stability issues discussed in references such as [36]
and [54] have been successfully addressed through the
application of universal control modeling and various
operating conditions tailored to weak grid scenarios. To
mitigate the impact of grid- side impedance variations
on CCL, this study has systematically tested different
controller tuning methods, meticulously documented
in table 5. The stability of the impedance variation-
based controller performance is demonstrated in fig. 12
and 13. The study’s rigor extends to testing the VSI’s
performance during different scenarios to demonstrate
the robustness of the designed filter and controller
parameters affect. The results collectively demonstrate
that the designed VSI parameters are versatile and capa-
ble at handling a spectrum of scenarios, particularly in
less stable conditions. We can see the performance of
the single loop control based VSI controller operation
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Figure 18. MG transition from IS mode to GC mode, where load switching occurs at t = 0.5 sec and mode switching at t = 0.8 sec.

Figure 19. Experimental set-up: Typhoon-Hil emulator 604 set-up in real-time mode.

with Lg variation, X
R variation and fault analysis. In

weak grid condition the interaction between PLL and
CCL can introduce current distortion. Therefore, the
Comprehensive CCL tracking performance underscores

the VSI’s reliability even in challenging real-time con-
ditions. The same VSI is used with DG units as given
in fig. 8, to investigate the performance and stability
analysis in MG. Fig. 18 shows the stable MG operation
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of the DG units in different operating modes which are
similar as real real world conditions.

6. Conclusion and Future Scope
In this paper, the grid impedance-based stability is
concerned and improves the inverter stability for
lower-voltage distribution networks. There has been
many research done on the inverters controlling and
stability issues related to different scenarios. But to
get the improvements and resolve many other related
problems, we try to design and calculate the inverter
parameters as per the considered objectives. Here, we
have investigated the medium-level (rating 10 kW)
inverter operation in different MG operating conditions
to improve consumer-side stability and power quality
issues. Finally, it investigates the designed system
parameters for controller tracking performance, while
variations in Lg and X

R show the impact on controller
performance during grid-side impedance variations.
The controller tracking performance is satisfactory for
the weak grid impedance scenarios. Performance in
fault occurrence and sudden load change conditions
shows the robustness of the system. The results could be
used to develop synchronization control strategies and
design features to improve the resilience and stability
of MGs. The results obtained show stable MG operation
in both modes and grid stability after connection. The
THD level represents the power quality of the MG in
both modes of operation.

For further research in the field of MG stability under
weak grid conditions, integrating virtual impedance at
the output of power converters can improve overall
system stability. Key avenues for exploration include
investigating the frequency stability and ROCOF of
VSIs for grid synchronization, along with effective
reactive power sharing management at the PCC.
Additionally, implementing a Virtual Synchronous
Generator (VSG) with a GFM inverter can be highly
beneficial in low-inertia environments. Since GFL
inverters often struggle with stability and dynamic
performance under weak grid conditions, a combined
operation of GFM and GFL inverters can help maintain
both voltage and frequency stability in such scenarios.
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