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Figure 1 (Color online) Schematic diagram of power electronic devices ac
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Figure 2 (Color online) Conceptual diagram of spatial-scale distribution characteristics of power electronic devices in “generation-grid-load-

storage” links.
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Table 1 Power electronic devices’ support capability across multiple spatial and temporal scales

23] R EARIENNES
= E=3 jigﬂ—m A (I 2 R N EEX‘JE IEX‘J e o a6
B ok, RN REWEGEHVOR  MIRE oo SR R R BT R
W 35/110220kV AHUEL. SEBE ROEMMARRE  tomszt  CTLRPIRL o RU-RE
Bl HER iy, MURIRTT.

ERSRE . B

e LT A AL
X 1] 220/500kV  KRERE. £ T T

T ] A

L RO fies . 2

wikCill Wl T A A

10/35/110kV  /NE&:

fitrREM RIGIEFE RGP YA/ R4S

, N X i
b EMSEGRERIEE D

JEBREEARTE L WA

BERBANR, BUR Ry PURSCHE CKIEAL —
O o R ek YA
o RSN SRS, — R —
o RTRRER hatem . sRbESCH
- L S S N
RERERGLELIASE o R i

HRA R L FL g
ST MR = TE B

EHe=

FEARFIENL & L R G h e e i 2 e e, SEIUAR
FITPEIRE. FIR, AT 7E L TS A s B4
@SN R IR, S — kIR %, @i
P ML 560k R 2R, oo Th R el 5 ek sk
REPE, SEIL VR DR RS, (EARE R, BT
BE LS IR/ IR TSP 8 S P A T
HGE RIS LA, BRI 4% 505 1 SO 3R

(2) MDA 0T, B TR R
B —/ R0, WA v So iR 0. Rl
HUML P HEL 35 S s TR BE TR, S P B KR R it T
FAEEHIRS IR, LN L3 T R &R
SR FL PR R A ARG . RN, TR 5 7 B
T, TR L AT S R R e R R R 3 (5~10 1583
SE HLIARD) R A N K B T T T % AR L RV

ST TR, R I AME S 5k T
RS OB T2 TR T v LA AR R AL TETh/
W PR SR 0Y, TR T B AR U A
JE BRI RS, FRETT R SR AR, i3
K SRS [R] 2 F LR 3 P R B AN, 7 PR B
I EEN IR AT SO, TN R R ke, AR
B FEL D L T B4 32 S A IR A A 088, T i i
—BE RS I W SR TE T B T, RS T IRAE
TR, BRI = G N S A R T
LTS I TE S g .

(3) MNEREFSTHLUEE 7, I T iR F 2R
FANFIED . SRTHERRIBLIE . HRAEAR b e b 55 ST g
3. AEEBGA B R T, A% 58 ) R S8R ORI IO IR
T AR IBCHUBGEEAT IR, B e ek HL T T B M
I PRI A, DASEBUBT A eI 8 R 5 B R (1M
SR N V1= S ST R VS 1 BURE S e S a2 v e i
REHBUA R R BT, B EEIIRE
i, AR SE BUECH ThRE SRRl T S e I UE I D e

FESRTT LR JE SR T, W7 AR X AR I R 4 5
AR AR RELJE,  FE 2 B 6 B JE ARUBE AT 51 K HE,
WM BERG IR, X A i i At T S
B el gy Rop O BRI IE i e i, )
T LA R e P ) 2 3h A 5 R GE Bl A R & T U IR
i, Bk ESCURTE R G E T RE.

TEARA ™ MR R 0, A4 ) RGN =181
27 O N L R TB P R SR S R AR
g A s B T L PR X E A0S, RGN R Bk
PR, R T R AT SO R G, AT i
Hoag e sl e N lr IS AT RE 0, DALk A2 0 A
HRIE RS BN EE ST, SR i T i R ER T
FEL DR T, S A e S o AR i e T %L

BN, il SO AR A AR A R R 1 P
B & il A, A% S o R SR O R S 2 R 2P AL
PRI RAT B R SRS P AR X, A A

119



ST TR BB N g e R E

SEIBAT RS R E

b 7 A P AT AR B L R TR R BEE R
BEAT BB A, BEE GPSIEP RN HOR 5 N T BE
W 2842 I BOR IR D R, AE DR B A i AR Y 2
fifi b, AT SO SEE R A R BT AR R i - [X
-2 R = RS R R, SEELRD L
BRI F S SRR

I L3R 34 Al R, AAL TR S R4, BT
MR T 2R G SCHERE 00 7 I 2 RUBE S D RE4E 2 )2 T
FAERZII IR, B39 DL« A W] -2 I 6] - 22 ThgE 4
FERSE LD TR SCHERE I I =il ARFR R AR 4E e
NI RGSHERE I M 2 RUERI 2 BOy . —, Firli
ARG TR TR IIRESE, Hha RER L)
IR EONRELL; TR, SRR AR RE LR
DHREYESE bR AR &, MELLEMTIIX 7. Besh, 15t
RGNS R UR T ATSGE A BN SCHERE
TR REE SRR —SE4FAE, W3 (a)fos; gAY
ML ARGl T R Le ) ) T B I AR L, REE
SN EE b UL SPS E S IS N S 4 1P A Y
X T, WEBOG)FR. B, MR ) &
G ORI T2 WRV%M@RW HIV AT B
I 2 ) FROBE AR P PR SR BRI T, 1 s AL N ) i
HRIFUA LSRN 7, A ORBE L I AT 22k,
ENE S A TE.

4 TR E SR R

T AR 2 eSC oK, A TR RS2
[ ZRFIE, ZIIREYEFEIISCERE ), IR

(@)
%I}JEEZEE
. . BHIERE

"% mwe g
HiE b / W*ﬁaﬂ%ﬂ]
Thee EMSEEEIR| BE/MAAMRIR SRR
iIET.'J WEUJEE
%Y
R
¥ iy ey
: AR gwiaRE
fimEm

G B Faf

B3 (M2 ROR ) 1% Gt () MU R (b) FEL ) R 8 1 Bl SCEE AR R B

MR G SO Ty, BRI 1% 2 S 1
S (1) A P B bR S A 5 i Y 2 D AR
IENAS IS FEAVCHED, b PRalid 5 i T 5E 51 R IR,
T A5 D) Ty 8 R SCHEIS L. (2) PR R A0 T D I A0
R, HBE. HE%L EEMS, HHEFEAR. H
PR [RAFAE AR B2, 2 %Ik 5 7 A8 0 (1 3507
5 F-B, s A IREBERUR. 3) £ 6k &Mz Tt
T2 P, 5 SR 2 E] B R AR OE, T REE R R G
REFI L (4) BRI, WA I TR T 2 s fil R
I, SEM S HE R e A AT SE . nh b, AT —
oy BT HE T T T A% B e SR, B SRS . 3
PERE I VEAS A 22 1 25 W [R) S5 07 TR 1) 1 Bl SCHE AR R
#IE

AR LA SRR I RE M F D TR AR S
B HRHEAT E B SRS, i P AT L R A AR
/R SHEMNBESRENRERR, 21N A
St 7 R e SRS I B RAL BT R R S
BRI, R RIBR MR R, FAE R Z ST
%WWEW%.%E,E@ﬁ%%%ﬁ%?ﬁ%%W
FSCHE, MIERALE . ANFS S SO RS i &
RSN SSE, o KEBHETRES %u
SRR A EE R =5 M s . 4 %
FEF SV R R L

4.1 IR Bl SR

AR AR TR T ) LT 1 o] S 43 i)
L. A HOR AT 4 N ER M (grid-following,
GFL) 14 M (grid-forming, GEM)z#. AN [F) 2870 4 4|

(b)

I

. gamsmr
|4

3

*”‘
2 3Ve gm& ‘ !ﬂlﬂ
XiE E’é ﬁg
e ' % ETERE
fisgEm
it i 1] iR o

Figure 3 (Color online) Comparison of active support characteristics between traditional (a) and modern power systems (b).
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Key technologies and prospects for power electronic devices in
supporting power grid security and stable operation

WEN JinYu'”, LIN JunJie'’, ZHANG ShaoPeng'”, DI HaoTian'?, ZHANG HaoBo'’ &
XIANG Wang"*'

! State Key Laboratory of Advanced Electromagnetic Technology, Huazhong University of Science and Technology, Wuhan 430074, China
? School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

Driven by the “Dual Carbon” strategy, the widespread adoption of power electronic devices in “source-network-load-storage” systems
has become an important trend in the development of modern power systems. While power electronic devices enhance grid flexibility
and renewable energy integration, they introduce critical challenges such as low inertia, weak damping, poor disturbance rejection,
and wide-band oscillations. Considering these emerging characteristics of modern power systems, optimizing the control performance
of power electronic devices and enhancing their grid-supporting capabilities have become pivotal for ensuring secure and stable
system operation. This paper first examines the evolving grid paradigm, summarizing the distinctive features of power-electronics-
dominated power systems and identifying the fundamental need for power electronic devices to transition from “passive following” to
“active supporting” modes. Subsequently, the study investigates the “who support” question by analyzing the support potential of
power electronic devices across spatial, temporal, and functional dimensions. Furthermore, addressing the ‘“how to support”
challenge, the paper explores methodologies for constructing active support systems through multi-faceted approaches including
converter control strategies, capability quantification, and coordinated operation of multiple devices. Finally, the discussion extends to
“how to better support” by examining high-performance power semiconductors, advanced converter controls, and grid security, while
providing perspectives on future developments in active support technologies.

modern power system, power electronic devices, active support, converter control, power system security and
stability
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