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Abstract :
challenges in grid-following and grid-forming ( GFL-GFM)

[ Objective ] To address the transient stability

converters parallel system, this paper proposes a transient
stability control method based on dynamic adjustment of
inertia-damping. [ Methods] Firstly, a two-stage transient
control framework was established for the GFL-GFM
converters parallel system. During the fault period, fault
current limiters were rapidly activated to mitigate overcurrent,
while in the post-fault recovery stage, the phase-locked loop
(PLL) of GFL converter and the inertia-damping parameters
of GFM converter were dynamically adjusted. Secondly, the
Sigmoid function was adopted to achieve inertia-damping
coordination tuning, and the controller parameters were
adaptively adjusted by the trend of the power angle of the
parallel system. Finally, a time-domain simulation model of
the parallel system of GFL-GFM converters was established
based on the Matlab/Simulink platform. Through comparisons
with traditional control methods and tests under voltage sag
conditions of varying degrees, the effectiveness of the
proposed transient control method was verified from multiple
aspects. [Results] The results showed that compared with
the traditional PLL freezing of GFL converter and the

additional power control strategy of GFM converter, the

proposed control method significantly reduced the amplitude
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of the power angle oscillation of GFL-GFM converters, greatly
shortened the oscillation period, and adapted well to both
mild and severe voltage sag conditions. The proposed control
method effectively ensured the transient stability of the GFL-
GFM converters parallel system during the whole fault
process, and it also reduced the power angle oscillation
deviation by more than 5%. [ Conclusion] The proposed
method enhances the adaptability and robustness of GFL-GFM
converters parallel system under voltage sag of varying
degrees, providing a new idea for the stable operation of grid-
connected system with high proportion of power electronic
equipment, which has good application value.

Key words: transient stability control; grid-following and
grid-forming converters parallel system; inertia-damping

coordination; Sigmoid function; power angle oscillation
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1 GFL-GFM ZRHBZHEKRGETEE
Fig.1 Schematic diagram of parallel system of
GFL-GFM converters
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Fig.2 Control block diagram of SG
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Fig.3 Control block diagram of the GFL converter
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Fig.4 Control block diagram of the GFM converter
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Fig.5 Two-stage transient control framework for

parallel system of GFL-GFM converters
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E 6 GFM ETiizt/MESEETREE
Fig. 6 Schematic diagram of GFM converter

small-signal model
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Tab.1 Main parameters of the simulation model

SRR SHUH SRR ZHE
P ot/ kW 20 ko crr K crL 9.5.240
Ugon/V 220 kp pri K prr, 9.85.100
Jso/ (kgem®) 4 Pepy, et/ kW 20
Dyo/(Nem+s-rad™") 80 Ugent vt/ V 127
Zs./Q 0.3+j0. 314 J/ (kgem?) 0.5
Py et/ kKW 20 D/(N-m-s-rad™!) 20
Topp dvet/ A 74 Z o/ Q 1.2+j1.57
Zer/ Q2 0.01+j0.314 Zs/Q 0.01+j0.17
K, K, 0.4.0.1 K, K, 0.2.0.05

REA ST IR B AT 7k 5 A A 1 7
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Fig.7 Power angle curves of the parallel system

under mild voltage sag
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Tab.2 Average power angle deviation of the parallel

system during fault recovery under mild voltage sag

ST A 22/ rad
el
SG GFL 280 2% GFM 78 i %
T 1 0.395 0.011 0.073
ik 2 0.392 0.034 0.088
ARSIk 0.363 0.006 0.065
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ILAEWE BN 22 . RREC TR O IL 1, R
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PLL Z sl 25 )0 B 3 ) sk 3 F15k 4 iR,

x3 BREBEEMETH GFM TRHFIRE-FHE

PR
Tab.3 Dynamic adjustment data of the GFM converter

inertia-damping under mild voltage sag

PRAE R/ J/ (kg * m?) D/(N-m-s-rad™")
1.40~1.57 0.70 4.60
1.59~1.84 0.20 2.45
1.86~2.09 0.68 4.58
2.13 ~2.32 0.19 2.47
2.41~2.53 0.67 4.51
HoAx ] 0.30 3.00

AP 8 nlAn e D595 1,86 5 GFM 22
Ui e T S A 52 301 1) 2 30 B S A T B 24 5 B
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8 BREBEHBRTHHRAZHINIEMLE
Fig.8 Active power curves of the parallel system

under mild voltage sag
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Tab.4 Dynamic adjustment data of GFL converter

PLL parameters under mild voltage sag

VHAEERT R/ s kp prr ky pu,

1.40~1.43 7.06 2.57
1.49~1.72 7.04 2.58
1.72~1.88 11.31 6.60
Hogpnia] 9.85 5
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Fig.9 Power angle curves of the parallel system

under severe voltage sag
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Tab.5 Power angle deviation of the parallel system

during fault recovery under severe voltage sag

. SR 22/ rad
Pl ik
SG GFL ZE i 2% GFM 7 i 2%
BTk 1 0.703 0.102 0.657
T 2 1.273 0.323 0.378
ARSI 0.891 0.073 0.279

HRE LR T E T HIT IR R G T AR i e
K10 iz o Al UL ASSCH I D5 VA R T 45 H
T i IR AR ENE o

10 EEBEERTHHRRZENINE L
Fig. 10 Active power curves of the parallel system

under severe voltage sag
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Tab.6 Dynamic adjustment data of GFM converter

inertia-damping under severe voltage sag

R R] /5 J/ (kg-m?) D/(N-m-s-rad™")
1.40~1.50 0.70 4.60
2.00~2.06 0.68 4.60
2.09~2.30 0.20 2.47
2.34~2.54 0.69 4.58
HAx e 0.30 3.00

®7 EEREEMETH GFL Ziis PLL
S ELE
Tab.7 Dynamic adjustment data of GFL converter

PLL parameters under severe voltage sag

VLR [E] /s kp prr, ky pu,
1.40~1.48 6.97 2.50
1.49~1.70 11.37 6.67
HoAxmta] 9.85 5

‘
4 Z5iE

ARSCHE T — 3 5 - B S B A Y
GFL-GFM ZZ it #8 I B R o B & A 2 5 41 vk,
WIS EIE A M O B B IR IE T T B R A g i O
S AR, EESSBWT

(1) r#E3ET Sigmoid PRELY GFL-GFM ZZ i
IR R G i -BHE S A U R JRRE Ty ik 3l ok 52
BF R B ) s SRR, T IR EE GFL AR i 4
GFM ZE VsS40, b 308 1 IF IR R G0 i S5 3015t
sAIBRJE , ARSI T ARG

(2) 3T GFL-GFM Z2 i &5 JF Ik R4 ) Y) f
SEEAEHT, B4 8 245 i O v 3 Ao 00 ) A2 3k A 2D
AR, WA T SC MY ffREtE, LM T R
G AR E M AR T

(3) M # T 15 % GFL 728 i %% PLL 45 5
GFM 72 i g By 28 4% ), i $ 8 28 45 O VA A
T S A I 7 T SRR S AR SO R A e
5 B R T R T P A B R A BRIE
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