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ABSTRACT: The high penetration of renewable energy
sources and a high proportion of power electronic devices
(“double-high”) connected to the grid have effectively
promoted the development of the “carbon peaking and carbon
neutrality” strategy. However, this has also led to the
emergence of broadband oscillation issues such as
low-frequency or sub/super-synchronous oscillations. Although
numerous analytical methods have been proposed both
domestically and internationally to address these non-classical
stability issues, there is still a lack of exploration into their
fundamental causes. Therefore, this paper proposes an
impedance angle stability analysis method, aiming to
fundamentally explain the reasons behind the occurrence of
non-classical stability issues in “double high” systems. Firstly,
through actual testing of the system, this paper identifies for the
first time that the equivalent impedance magnitude of inverters
increases with the system current, while the phase remains
essentially unchanged. Secondly, it introduces the impedance
angle stability analysis method, analyzing the fundamental
causes of instability in “double-high” system and further
defining the impedance angle stability discrimination interval.
The research shows that the broadband oscillation problem in
“double-high” power systems is caused by disturbances
affecting the system's reactive power, leading to changes in
impedance angles and preventing the reactive power from
returning to its original equilibrium point. Furthermore, based
on the proposed impedance angle stability analysis method, the
paper introduces a new classification for power system
stability. Finally, the correctness of impedance angle stability
analysis method is validated through simulation.

KEY WORDS: “double-high” power system; non-classical

HEE&WE . [EFHESHHKTRI5E (2018 YFA0702200) .
National Key R&D Program of China (2018 YFA0702200).

stability; broadband oscillation; impedance angle stability;
stability classification

FEEE : i EO B AT A B YRR i LA P R B (R X )
TR JIHESS T XU S A, AH RIS th = A 7 AR
KGR IFE SR 5 S5 e IR . AR E A A A%
BT LS AR 20 SRR E T 1) L) 3 #7 75 32% » (BT B X L R A
ABRER . Nk, ZOCR I AU R Y BT i,
TP A S R X 7 R e 7 A AR A SRR )R S A
e, OCH I SE PR IR AR G R BT AR 4 55 A BT B
SR GG KGR, ARG A QR AN X — B 5
Hk, fe TR et ik, st “X0E” R
A B R, FE— 2045 B BHHT A A2 8 Al IX 8] o BF R B
“XiE 7L 7D AR G I DE TR A R T R G TE T DR A B
Pz, FBERTUMAARERL, ERTEhIRTER R B
P RS AN, 1ZSCHE T TR A BB A AR E M
B, $m TR ARG R ENE 0T fn, i
P FIGAIE 1 BT A8 E 1 0 B T VA K IE R

KEEIA): W7 ARG ARG REE; SEMRE; B
JifraEE: RENESR

0 38

Bt 55 EEL R 7 SR R A1 K DU R R AR E S (N
e B A AT P AR REYR A I v ER A L g e A% (R
B )FEN KN, A MR R G R R I A
sz,

R AEH R ISE R R, AR
AR T L RGBS RHE , S SURAR kK RS
PR TR & B R P, i RGN 4B
AT RN B B 2 o I 722 2 4 o o 7 28 1)l e 1)
2011 4, ki IX & AR 3~12Hz FR AR F
e, FECET S RMUBM, ZhEMNKT 200MW [
ZEARE 8OMWL; 2012 4, FHHER 50MW Setki



2 FoOE R AL

T %

n

R 43 %

Ui R4 T 1~1.06kHz [ EiidRg, H B GBI
K 38 B T AR [X b B0 P S 3 50 R DR A2 i
2015 4, Hrgmn % X R 45 50H A BAMO K AL
HIEHETR, K4 15~85Hz IR, SEEH) 1

10Hz FI9RS BB, 38 e B A A2 RIS
L A2 100 NSRBI, 1K T
29 3.20601, JTaesEsk, FE i S FE PR RIS R
BRI T a2 S IIRG S IR TEEDY

= ORI, IR TR

ERIES

Befr MR 2019 48, B E B LA R R A&

2Hz~2kHz, BATHIR M TEMIRG L. B 1R T
JL AR SRR A AN TR A3 1 S AR5 59,

L]
o F—t

R
HLSBORE
Az 5| I

MR | 5

5 (3~4Hz)|| T 1Hz)

(20~30Hz)

,—- |:|

* E UX
A HI
(95Hz)

B |7
AR E i
WAk (1~
1.05kHz)

1 Eifg -

ACHLHLIM || Bk

W) £ (i ik
250Hz)

s

320~
30Hz)

| [ AL
SOGER| B g | 0
DRI Y

(10~110Hz)

e
LR
(1.27kHz)

% [/l
HIRAS
S
(59Hz)

2008 2009

20

2012 2013

20

016

17 2019

020

021 41y

ST | [0
JAHI R 4

|| Z4

(3~12Hz)

PEE s
m ))}LFEl “/&
(1~1.05kHz)

EEARE | )R

M- H

M R%
(250~350Hz)

(20~30Hz)

] [
WZ | | R

T
£ 5i(15

85Hz)

W
BEL
TR

25Hz)

AN ANR N

KR | | LCC-HVDS+

AR T | [SVG/H: ¥ Hj
47THz) || R54(%) 3Hz)

(L8kHz)

jCT?FE
G
T 59Hz),

E1

RIRHE M

Fig. 1 Broadband oscillation events
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Table B1 Parameters of test system
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HL UL ] A AR R 100
TN ThE T B R A 0.1
BUEThE PIW 110
HL 4% 1 4 LG 151 2R B 1
RIhE HLIT 4% il 7% LG 31 2R 8 0.5
ik VB U Lreo/mH 10
W R R SR R AL 1
LR AR 4 R A 0.5

PNKEF

WS HHA: 2023-03-14.

O

IMVKEF(1977), 55, WL, R, R
J7 A N REUR B I R S s AT, £
BeURZEE BAMEAL . Mg iEdlEA . 510
AIEHIEAR L 7047 A B S AR BRI
ELIRMY L AT L T ER Y R R R A
sungiuye@mail.neu.edu.cn;

HEUEL(1999), T3, WLmEiA, Wit
Ti I AE R ) R RGeS T S
%41, szq_neu@outlook.com;

T4(1993), %, WL, #him, #HAT
) 9 BE R ELIC B 5 R B 1847 2Rk
WERG EAMME . AR RGN E
P4, wangrui@mail.neu.edu.cn;

WTHI997), 5, WLAFFAE, WA
77 6] R 0 T R B F AR AR
1970526 @stu.neu.edu.cn;

A2 RXN(1989), T, W LwERA, B
75100 g v LA R R A BEVR AR AL ) &R
SFRE M SN 55, lidashuang520@
126.com;

WREI(1997), &, MLwEIA, BRRTT
M AHT B R G R E M, yaojia_neu@
foxmail.com;

FhINiE(1996), 55, MEAFRAE, R
77 1) VA IR AR ffe i AR % [R] A MR A
1910243@stu.neu.edu.cn.

G FEHr, )



