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Transient Synchronization Stability Mechanism and Power Feasible Region of Multi-parallel

Grid-forming Converters Under Grid Voltage Phase Angle Jumps

GUO Li, WU Kaixuan, WANG Zhi, ZHOU Xu, LI Xialin
(State Key Laboratory of Smart Power Distribution Equipment and System(Tianjin University), Tianjin 300072, China)

Abstract: According to domestic and international technical standards, grid-forming converters (GFMCs) are required to
withstand grid voltage phase angle jumps. However, such disturbances may lead to transient synchronization instability.
This paper investigates the transient synchronization stability of multi-parallel grid-forming converters under phase angle
jump. First, a synchronization dynamic model is established by drawing analogy with the classical rotor swing equation.
Then, to enable quantitative stability assessment, a hybrid method combining numerical integration and the equal area
criterion is proposed. By calculating the acceleration and deceleration areas with numerical integration, the proposed
method fully considers the effects of damping and the interactions among multiple converters, thus enabling
high-accuracy transient synchronization stability assessment with clear physical interpretation. Based on this method, the
power feasible region that ensures transient synchronization stability under phase angle jump is further characterized. The
influence of active and reactive power control parameters on the power feasible region is also quantitatively analyzed. Fi-
nally, the RT-LAB hardware-in-the-loop (HIL) experimental results validate the effectiveness of the theoretical analysis.

Key words: grid voltage phase angle jump; multi-parallel grid-forming converters; synchronous dynamic model; transient

synchronization stability; power feasible region
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Table 3  Acceleration and deceleration areas under case 3
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Table 8 Parameter settings of cases 5-7—5-9

TR (Prett, Preta, J1, J2) ik
THL 5-7 (0.94 pu, 0.96 pu, 6, 6) XL 18 55 ¢
T 5-8 (0.96 pu, 0.96 pu, 6, 6) X RiP 18 f ca
T 5-9 (1 pu, 0.96 pu, 2, 6) WL 18 £ c3
B o 1 s BE: P 20kWE ]

Yl Py, 20 KW/ —|

o .V
HfBAE —! :

Hhh: L, 100 A/Fg —
T HRRBAE [HillLG i

e Hh: b, 100 Ak

R BHHARHARHARA AR RHOBHARHANID iR

(a) LW 5-7 segest 3

Wil Py, 20 KW/ES .

o R
Whh: Poy 20 kW/HE R R |
Jmm A 100 AV qhiaﬁaﬂzv

(b) T 5-8 Jha s
Yk Py, 20 KW/HK .
o> Vo

F\F: Py 20 KW/AR

Fifh: ¢, 15/

e 4, 100 A/fg E<—*ﬁﬁa£&l@r

%m , 100 A/f%
l‘b\‘w‘x t“ www‘ ‘\‘\ L u‘ \‘ il ‘ A e T HE A A
(¢) LR 5-9 Sl 4 3
K22 T 5-7—5-9 REARLE RN S 45 R

Fig.22 HIL experimental results of cases 5-7—5-9

} il R RRARAA RN HRHBAAAGRA

#£9 T 510—5-12 ZHEE
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