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An Overview of Small-disturbance Stability of Grid-forming Converters Based on
Matching Control

L1 Yitong!, Al Cheng!, QIN Yao!, LIU Teng?, YU Songtao?, LIU Jinjun!

(1. State Key Laboratory of Electrical Insulation and Power Equipment, School of Electrical Engineering, Xi’an Jiaotong University,
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Abstract: Matching control (also known as inertia synchronization control, DC voltage synchronization control, etc.) is
one of grid-forming control methods that can be applied to photovoltaic power generation, wind power generation, static
reactive power compensation and HVDC power transmission where the DC side is not an ideal DC source. The existing
researches focus more on the imitation between the matching control and the rotor inertia of synchronous generators, and
usually lack the in-depth analysis of the synchronous damping and small-disturbance synchronous stability mechanism.
Therefore, this paper firstly reviews the research and development history of matching control, and then proposes the
classification of synchronous damping based on feedback and feedforward controls. Meanwhile, from the aspects of
DC-side additional resistance, the grid-side additional damping control, and the machine-side additional damping control,
this paper compares and summarizes the various matching control methods as well as their small-disturbance synchronous
stability mechanism. Finally, four typical application scenarios of matching control, including photovoltaic power genera-
tion, wind power generation, static var generation, and HVDC power transmission, are analyzed in this paper, which is
also helpful to enhance the value cognition and characteristic ability cognition of matching control method in practical
applications.

Key words: grid-forming converters; matching control; inertia synchronization control; synchronous damping;
small-disturbance stability
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Fig.7 Small disturbance waveform comparison among
undamped, parallel resistance feedback and series

resistance feedforward matching control
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power system grid-connected equipment

PRI 25, B RIS B F AL R AT 2 ) 2 i
71, B A O 2 (RIS B A F He PR AN A0 2 R il
§877), SR SLIE I Bl vk S R e, AT
PLA3 il AR IR T I 152 45 AN [F KRR IR RE T, e
A5 L AT DAAE PR A Ja /00 26 A g 114 DO 5 R 5 [ AT
=S e
3.2 RMEHIELZER

MRHE 3.1 7R B el A, da B 0
FALBHL 4 TG FHLJE D C 2 i Ak [F) 28 BHJE 1 5 =XT LA 4y
N BEJE ST JE B SE . TT AAHASEAR FE 1 £ 2
SIHT IR, XA R R AE 3 R i S5 A B
P AL tE—90° A A1, AT 4+ R Ge/IME T Ha
ENE. TERZHIMAT A, 8HSTERNAR i
ZUCTC 2 ) A R At . b 3G e 1 R4 ) S
T ST 2 SR AL BT [ 25 BB A P 28R - DRI T
WL B S AT R 20730, X IA
[N g S B R Z At i a = iR e =
£ B R HLE AT AN 45
32,1 RURFIGHE

TE VG L il B R AA T )[R P 3 i, AT sk
PR T B 16 B L BELA S A FEL @ 2 . B i
AT O R i 5 B2 I na ThIh R
S | AT i e e A 431, G B A s i HE 1] 4
AN 5(c)F(e)H .

1EE 5(c)Th & e pmys il 2emyd, He P oRAR
e 2% X ORI 5 R A Dh D) 26, 28 IOBDh 2 R 80 Ke
Ja, SHERBE e EFEE AL E G4
o MG NFEBI DRI SRR IR, AR 88 4 H A
FAow FFRIEARHA) S EN:

Aw = N(Au,, — K,AP) 21

Ao K BRI R RECK/DN, I RGP PR
HEEIa & 6(c)Fm. M AT LLE 3% 15 FH JE 72



Fem, Wk, BB, S5 ETULECRESBIRON I AR g MRSl AR E VSRR 783

T ANFE A BURH L AOAR 70 AT 2 L), [ B
ARG HIAR LRV AT/ 5 R e VAR S 15 B 2
o JHITHE EISERCE ik AR JE e R] LAY
AR B ANAEARCR L TR 1/(sCUs0)A 152 E,
(ELELAS I R AR A2 R ) S 058 A 3O 1 [ 5 4
MRS T AR S % R 4.
X B 5(e)H BN R S 45 [ A s ] S

5B Sy BIEh R S B HIZRAL, ugg AR M
Bt RS g BCRARE, SRR R K S,
SHMAEE uae IEFEIE ARG RS IR R &
VR AR He25%  R RIA A w - o dr K (4)idt—
S

Aw = N(Auy, + KyAu,,) (22)
X Kv Fon R B R BN, B8R 58
FFHMZ A FEZDEhES, A Mas RS2 g
S g FIE AN

Uy, =—Uyp Sin0 +u,, cosd (23)
S g 1 ugp 2T P M BB IR Ao/, B Eb 0ol
JERIRER/N,  Bg st BT ME 5 2tk
GACEIEEE

Au

Gugo =~ AZ’ =U,poc0s6, +U,y,sing, (24)

ARG HIAERIIE 6(e)H fs, Ho it
(725 B JE AR A i I E AR BIARAL R 0 AT 2 B
(7, [ EARAT BLE— 2D A A ot InAE AR e
FVERT 1/(sCUaco)Ab 1 S A5 RELJE » RIS ¥ S 152 BEL e T
A T MM B RS S SR, RGN
A JEE 1 P50 A2 PT AL ) o

R A R 5 3 S 5 B T 2 e RS 3R T
RGN ERIRCR, TEHEILR R Fnzh®
S AT BEL e AT BRI e e S R RELE 3 R B0 T BT A%
3285 PR AR Pl DA A0 L 4 PR 3L ) 8 TS el
@) . MERTTLIE 3 MO0 RS
IR KN JEARANK, (B R G LR A
A TR, BB ILARCER R G AL T AR E
B I S AR E I, W S RH e 4% 1) T VA A g
TRIE R GAERUE SR AL AR AL BV IE . W& 9(c)
PR B A BB B BN B /NS 3T Lk
WE, HWMIE T TE 3 s R AR EE R S), W
T B JE A I B RECRIE R GeAS e I . [ Lk
T REJE DL Bedz i) 55 PR B 15 BEL Je 328 1l i) A 2 1k i
B INER 1 RS R . Al PR =0
AR Z )5, ZR 8 <8 PR A (B

JRE il foc T A R 2 e R FFAE AT FL S BN T 0, JF
HARGAR EE A AR TR, REG/IME SHaE PR
MG RIRTT. RIRMEAE SRS, BiRgE RARE
Vi BN s 1t BELJE 22 Jim 7T AR T+ PELJE DL Be 725 1 52
GRS ENE, AEARYEAR AL R/ f R Bl R
Xof % R BH e 7 iR BEAT R 1) ELACAI AN — B R AP
1E, BRI Bk a5 RAGEAF v e vESRTHk e, A
REAE PP BEL B T7 ik 2 TB A 5 1 BE %o B4 AR
b 1 _EaR PR EE JE f b T 2 Ab, ARG R
| 2R LR VA s 45 J5 ] AN, B 1 AT BASIAAZ
WL ZANAZ G B A A [F 2B P SR A, BRI EAfE
PSR R HEAT S B e 4], FLRHJE RUR R 1%
FERAAART . PRl AR SO YA 44 5 H1 S B e H LU
S BE e i S B S(g) s, Hod iga 7R
anl Y A d HIRARE, KON RIS R
LIS A e 3 B PR BN S A0 KN
Aw = N(Auy, — KAiy,) (25)
FIEEERP S, REREIN d B iw
Fads ik N
lyg = Igp cosf + lyo sin & (26)
HEAT M B AL 5 T 75
Aiy, =[cosf, sing, ]{Al.gD } +
Ai,,
(—igD0 sin g, + Iypo COS 6,)A0
HRAZF(6) (O FTEAS AR BN 1E A0 BILk
% B B LR B 15 5 Adgpo IRAE I8 B BN -

. -1
Aiypg _ sL, + R, —a,L, .
o)L,  sL,+R,

27)

AG
. (28)
=Uiyosin6y U, , cos 6,
Uig9 €086, —U,,,sin 6,
PRI LT LA 2 A B Aiga 1145 12 bR HCA -
Ai
G = A_Z = "
cos, | Aiypg . . @9)
sin 0, g + (—iypo SIN G + iy, cOSH))

R BB RORRE PEAR bR B AL L
Table 1 Quantitative comparison of stability indexes of

feedback damping control
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Fig.9 Phase margin analysis of feedback and feedforward synchronous damping control and waveform comparison of

grid frequency disturbance
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Table 2 Quantitative comparison of stability indexes of

feedforward damping control
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Fig.10 Machine side control system improves the overall

system synchronization stability
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Fig.11 Photovoltaic power generation system architecture and

experimental waveform comparison based on matching control
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