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Fig.1 Control block diagram of phase locked loop based

and grid-forming converters
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Fig.3 Grid-connected power electronic device system
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Fig.4 Synchronization-dominated loop model
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Fig.5 Loop shaping of phase locked loop

3 AMBTRFHRSTRES SIS

I TR X 4 O A I 2 4 TR A R e R L R A
Iof B[] A R il A T o b B S e .
3.1 ANMBTRBHXTHELSETHE

2 P Y AR G A — LA 28 T [R5 kR LAY ]
AR 10 R 481 [R) 25 AT B ] 25 2 H ALY
e Fia s RS EE M A [ R ER TR,
2 Do TR 35 25 1T B R ISR T [R5 & F AL [ 25
RFERIEERBONSE, J-H, TR FREE
HA H S0 5 B (JC A% 2 & L — RS it
B, AR R4 T & T L T BRI (AR i 2%
B4 R PR Y AR D40 A rL R VR R I | 3 A R 2 D) 48
A T g 14 TR A i R DA R 2 R g e o ol i
FRAE SCHR [ 10 ] rh ™ SCIR) 2 Ao M 04 43 28, i ] gt 5
bR J8 T RIS D2 [ D3 (PSL) KA

3 (3) AT LUA R AR AR 7E L AN A (A% &
FL 3t RIS W ) B %) 8 000 A R L TR 6 25 Hh T A 1Y
AR LR, S A AR A AT AR
Wizt TRE M S o BT ENE, B
FUTTy £ 1 2 1) B 58 40 A AN ] 3 A X, R i X
3o Fp B SRS AR A L A A R T R BRI AR . 2

Py
Py
ﬁxjﬂjﬁﬂ P o/, \
S e Y | N p
/ 0 a !
2 2 o

- AMEFEI AL, — R A
Elo ZEifesHIEE AT #h £k

Fig.6  Virtual power angle curves of converter
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Fig.7 Synchronization instabilities during

transient process
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Fig.8 Stability enhanced droop control
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Fig.9 Unified synchronization control structure
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Synchronization stability analysis and unified synchronization control structure of
grid-connected power electronic devices
HUANG Linbin',XIN Huanhai',JU Ping',HU Jiabing’
(1. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;

2. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074 ,China)
Abstract: With the development of renewable energy, DC power transmission and storage technology, the
large-scale power electronic devices are integrated into modern power grids,which significantly changes the
characteristics of power systems. Different from conventional synchronous generators, power electronic devices
that consist of semiconductor switching devices have no rotational part and their dynamics of synchroniza-
tion are determined by the converters’ control strategies. Hence, ever-increasing penetration of power elec-
tronic devices make the power system gradually change from physical synchronization dominated by synchro-
nous generators to control synchronization. Although the high controllability and flexibility of power electronic
devices can possibly improve the synchronization stability and dynamic performance of power system, con-
trol synchronization characteristics of power electronic device have not been fully understood. It is difficult
to give full play to the advantages of power electronic devices to improve the dynamic performance of system.
Even in many cases,synchronization instability will occur because of the unreasonable design of synchroni-
zation control, endangering the safe and stable operation of power system. So some research works on the
synchronization stability analysis and control design of power electronic devices are briefly reviewed. More-
over, a unified synchronization control structure is proposed, which covers the structures of phase locked
loop based control and some types of grid-forming control. This unified synchronization control structure
quantitively parameterizes different synchronization controls as different connections among control loops,
which lays the foundations for searching optimal control structures. Finally,the possible future research direc-
tions are discussed based on existing analysis methods, technical solutions and intuitive understandings on
the synchronization of power electronic devices.

Key words: power electronic devices;synchronization stability ; synchronization of control; phase locked loops;

grid-forming control ;unified synchronization control structure



