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Abstract

To improve voltage-support performance and multi-converter coordination of grid-forming invert-
ers, an improved droop control method oriented to accurate tracking of the key voltage command
Vod is presented and further extended to multiple voltage source converters (VSCs). On the basis of
conventional droop control, the proposed method improves the tracking performance of the key
voltage command Vod in VSC control. Specifically, an improved droop control structure based on
output error feedback is first constructed, and a PID link is further introduced to enhance the
tracking accuracy of the command voltage and the dynamic support capability. Single-VSC and multi-
VSC simulation models are established in MATLAB/Simulink and Simscape to compare conventional
droop control, the modified droop control without PID, and the modified droop control with PID.
Results show that, in the single-VSC case, the tracking error of Vod with respect to Vodref is reduced
from about 0.7 Vunder conventional droop control to about 0.4 V after error-feedback compensation,
and nearly zero steady-state error is achieved after introducing PID. In the three-VSC parallel system,
the proposed method still maintains good voltage support under load-switching conditions, and the
output voltage amplitudes of each VSC can track their specified values more accurately. Further
discussion indicates that, since the proposed method only adds an error-feedback PID link outside
the conventional droop control and does not require additional communication links, it has good
engineering implementability on digital control hardware.
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Figure 1. Improved droop control structure in the single-VSC scenario (adapted from Ref. [14])
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Figure 2. Vod tracking results of different control methods in the single-VSC scenario (adapted from Ref. [14])
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Figure 3. Three-phase output voltage waveforms under the modified droop control with PID in the single-VSC scenario
(adapted from Ref. [14])
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Figure 4. Main structure of the multiple-VSC system (adapted from Ref. [15])
E 4. % VSC R ELH(RIECRR[15]238)

Table 1. Main simulation parameters of the multiple-VSC system

F 1. ZVSC ARG EHESH

eS| T H SHE
RGHEM U 2 FLFR /0 e A 380 V/50 Hz

s 24 Loadl. Load2. Load5 Ay 5.8 kW: EIETCD) 0.2 kvar
Bt 24 Load3 Ay 2.3 kW; &) 0.3 kvar
Bt 24 Load4 A5 6.3 kW; &ML 1.0 kvar
SCHRZH Wi =AHER I RLC S R=0.15Q;L=35x10*H
FER LW AR B 2 S R I ] 1s~2s
TESH P-w/Q-V R%L mP=5x10"n1=3x1073
PID 2 S K,=100;Ki=1;Ks=0

6 4l ¥ =6 VSC M=t K BOE LRI R . 51 5 —8, 2R PID Mool T 4%
I, & VSC kit i i (B SE SRR B, HAEPLh Lol MR BON FAR I BB ARIE15]. X 1B PID
AR RS SCHE IS, A OURBLZE RS Vod b, tARBILIE B2 S i i % b

i B A A2, SCHR[15TIE25 H 1 7% VSC B BL 4R, SRWIME S T D) LK AR —BUR B oL T,
A VSC AT DR T LU ILZE R . #52, Frigiridf AR g incoh S &, medidEs
BRI JR) B AMEAE 2 VSC FEORFF I SCHERE IR RN, ST B A 11 PR LR 4% 1 o

DOI: 10.12677/jsta.2026.144063 655 AR IR HAR 5 R H


https://doi.org/10.12677/jsta.2026.144063

e 5%

(a) Vod of each VSC under basic droop control
3115 T T T T T T T V d1
j — Vod1 ||
311 : e oz
310.5 Vod3 ||
310

Z 3095

B 309

308.5

308

307.5

307 1 1 1 1 1 1 1
0

T
-

~
— o~ o™
_-_— e e e - —- >

(b) Vod of each VSC under modified droop control with PID
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Figure 5. Vod comparison between conventional droop control and modified droop control with PID in the multiple-VSC
system (adapted from Ref. [15])
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Figure 6. Three-phase output voltage comparison between conventional droop control and modified droop control with PID
in the multiple-VSC system (adapted from Ref. [15])
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