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Abstract:

Improvements in power electronics cause DC microgrids to be utilized in which the integration of DC distributed
generation (DG) sources and loads into the power system is facilitated. Since the power sharing between DG sources
and DC bus voltage regulation are two important control objectives in these microgrids, a two-layer hierarchical control
strategy is implemented to achieve these goals. The traditional droop control method is employed in the primary layer,
but since it is not able to achieve these goals simultaneously, therefore, the proposed secondary control layer which is
based on the proportional-integral cooperative distributed averaging (PICDA) secondary control strategy is introduced
to overcome the challenges and achieve accurate voltage regulation. The proposed PICDA strategy has high flexibility
due to the lack of prior knowledge of the grid topology and has a high convergence speed in reaching the control
reference point. An islanded DC MG is simulated in MATLAB environment to verify the effectiveness of the proposed
method, and the results are compared with another distributed method under different operating scenarios.

Keywords: DC microgrid, distributed secondary control, Power sharing, Primary droop control, Voltage regulation.

Article Type: Research

Received: 05. 10. 2022

Revised: 20. 08. 2023

Accepted: 18. 09. 2023

Corresponding author: M. Rezvani

Corresponding author’s address: Nour to Chamestan Road, Elec. Eng. Dep., Islamic Azad University-Nour Branch,

Nour, Iran

Copyright © 2024 The Authors. Published by Iranian Association of Electrical and Electronics Engineers.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the
original work is properly cited.

VY


http://dx.doi.org/10.61186/jiaeee.21.4.15
https://creativecommons.org/licenses/by-nc/4.0/
mailto:R.akbarzadeh.j@gmail.com
mailto:Mohammad.Rezvani@iau.ac.ir
mailto:a_noorishirazi@iaunour.ac.ir
mailto:b_yousefi@iaunour.ac.ir
http://dx.doi.org/10.61186/jiaeee.21.4.15
http://jiaeee.com/article-1-1596-fa.html

[ Downloaded from jiaeee.com on 2026-07-03 ]

[ DOI: 10.61186/jiaeee.21.4.15 ]

Journal of Iranian Association of Electrical and Electronics Engineers, Vol. 21 No. 4 ,2024

1. Motivation of the work

Even though there are many works in this area [1-25],
none of the studied research have simultaneously
considered the power sharing, voltage regulation, high
convergency, overshoot decrease, and simplicity.

2. Contributions

A proportional-integral cooperative distributed averaging
(PICDA) secondary control strategy is proposed and
implemented along with droop control method to regulate
the variable and shares power. This method is unique
and simple, needs sparse communication and do not
require to topology of grid.

3. Procedures

An islanded DC MG is considered. At first, the primary
droop control is used. At t=2s, the proposed secondary
control is activated. DGy is plugged out at 3 s and
plugged in at 4.5 s. There is a load increase at t=6.5.
Finally, thee link between DG, and DGs; are disconnected
and connected again at t=7. & 8.5 s, respectively.

4. Findings

Based on the obtained results, by activation of the
proposed controller, the output voltage was accurately
regulated and restored to their nominal values. Even
though there were diverse operational conditions, the
drop of voltage was neglectable. Also, the power sharing
was accurate in case of DG unit plugging out/in.
Moreover, the overshoot or undershoot of results was less
compared to another existing method.

5. Conclusion

In this paper, a proportional-integral cooperative
distributed averaging control method along with droop
controller were applied in the hierarchical controller of an
islanded DC MG. The proposed controller was
implemented in a feedforward manner instead of
feedback manner. This controller required sparse
communication graph and share power in a decentralized
way. Employing and simulating the method in MATLAB
software showed that it can be used in various
operational conditions and have low voltage regulation
error. Also, the convergence of method in achieving
nominal values was better compared to another
considered method.
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