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Active disturbance rejection strategy of a microgrid port converter based on
multi-order feedback reconstruction

ZHOU Xuesong', JING Yanan', MA Youjie', WANG Xin', TAO Long', WEN Hulong?
(1. Tianjin Key Laboratory of New Energy Power Conversion, Transmission and Intelligent Control (Tianjin University of
Technology), Tianjin 300384, China; 2. Tianjin Ruineng Electric Co., Ltd., Tianjin 300385, China)

Abstract: Stable supply of electrical energy on the low-voltage load side of a DC microgrid is an important guarantee for
the effective consumption of new energy in the new power system. To solve the problem of unstable output of the
microgrid energy supply hub converter when there is disturbance, an improved active disturbance rejection (ADR)
strategy for observer state variable reconstruction compensation is proposed. First, by analyzing the unavoidable structural
problems in the ADR framework, an accurate paradigm of observation error is derived, and the disturbance observation
variables are reconstructed and compensated to achieve fast tracking and elimination of the total disturbance. Then, the
correctness and effectiveness of the improved strategy are verified by theoretical analysis of the four dimensions of
stability, tracking, anti-interference and robustness performance. Finally, actual working conditions simulated by digital
simulation and physical experiments are used for comparative analysis. These verify that the strategy has good dynamic
performance when there is a variety of internal and external uncertain disturbances in the microgrid system.
This work is supported by the Key Project of National Natural Science Foundation of China (No. U23B20142).
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Fig. 6 Bus voltage abrupt response waveform
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Table 3 Busbar voltage increase by 20%
P A AN 1E] 7, /ms KRR ZE R AWV
C_LADRC 0.61 1.5
MO_LADRC 0.25 0.6
CD_LADRC 0.52 0.8
R_LADRC 0.17 0.1
* 4 BEBERRE20%
Table 4 Bus voltage dip by 20%
P Ak AT E] 7,/ms R 2 AvV
C_LADRC 0.73 -1.9
MO_LADRC 0.41 -0.4
CD_LADRC 0.85 -0.9
R_LADRC 0.10 -0.1
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Fig. 7 Low-voltage load abrupt response waveform
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*5 RERHRE 20%
Table 5 Low-voltage load increase by 20%

% VTR ] £, /ms BAMER AV

C_LADRC 0.92 -2.6
MO_LADRC 0.57 -13
CD_LADRC 0.74 -3.1

R_LADRC 0.29 -1.7

*® 6 [RERHRME20%
Table 6 Low-voltage load drop by 20%

i HEmg I A] £ /ms K ImER AV

C_LADRC 0.43 0.5
MO_LADRC 0.11 0.7
CD_LADRC 031 0.8

R_LADRC 0.25 04
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8] R SEBLXT H R S s 0S4, puatERe AR, H
R_LADRC H1T A5 NFA AT RE P 52 2w
gk, DRtk 2 S, RS R I A
SOENEHIEVE N

526 L8R 27 J5 B 43 fH (composite working
condition integral of square error, CISE){g#5 1] LAH
RSBk R GEAE 22 Fh BN T B £35S PR |
PRI AER 1, AU N R IR 320 5 K R ]
A RGP . RGEAF TN CISE
w7 R

®7 FEMETIAT CISE
Table 7 CISE under different disturbance conditions

viesT!
il S REZR LR P 3] IR AL DI Eh
C_LADRC 41.96 42.24
MO_LADRC 31.16 31.59
CD_LADRC 33.58 35.25
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Fig. 8 Comparison of robustness under parameter perturbation
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Fig. 10 Comparison of PV output fluctuation response

7 8 JARL SIBEE 20%
Table 8 PV output increase by 20%

il SEms YT A] £ /ms BRNEHE o/%

C_LADRC 260 10.1
MO_LADRC 43 53
CD_LADRC 96 9.5

R_LADRC 39 4.9

R RRENEETE 20%
Table 9 PV output drop by 20%

2 ) SR gk YA 8] £ /ms BB /%
C_LADRC 246 9.8
MO LADRC 57 55
CD_LADRC 85 9.7
R_LADRC 51 48
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Fig. 11 Experimental platform for DC microgrid

converter control system
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Table 10 Experimental platform parameters
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