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Table 1 The influence of active power loop
difference on parameters
AIHIEA Ty D,
#K(8) Jaw, Daw,
#x(9) J D
=(10) J D+k
(1) Jw, Daw,
#:(12) J D+ k¢
=(13) Jw, Doy + k¢

*2 ZTUHRERUENSHEHIRM
Table 2 The influence of reactive power loop
difference on parameters

T ke ke ke,
#(15) ky k; 0
K (16) k, ki D,
K (17) kq 0 ky/kq
5(18) 0 1/J, D,
#(19) 0 1/J, D,
#:(20) 0 1/K k,

F2XT BB T I A R 22 RN ke
b T oy, IS 1) 25 250708 AR RT 45 i 25 4 b 1% 22 S5 (]
HSER/ N . I, X (22) T 3 Rk
AEIH kop hes A1 Kooy BE— 2 BH
22 BAURERMESFESHT

A NI SN IUAE J o B Dy BRI L, 534
HIAZEL I, N D, B AT B AT P B 520, B
G3 BT D BR 25 Sk (0 B A

2 T e ), 24X (22) 47 2
Ry J7 REFE R A A X (23) 24, Herh i R 0 2
Aw = 0,0, VIRIWEAP = Py —P,,

Deq
Aw= 2P (1—e'fcq’> (23)
D,
Ao FUAMS B TfAW 22 A0, tn=X (24) s, H
1A5(0) =0,
: AP J, P
A&:jAwdt: t+—J e Jog — -4
0 D, D, D,

(24)

X (23)F=X(24) 392 J,, F D, B PREL, R

PR B ) HAE 53 A BE B J A D 22 AL X Aw I
AS HYFEI o

HT Doy X A KT, WML AN (25) R,

T 3(26) o AAGUED T Doy ZZALRT Aw )5

i, 4 AP = Poy —P,, P [E5E , P, = (EU/X,)sin(dy+

AS), U, A v W IR AE, o0 M WIS o FEAEDfA

- A5, BUAEFEAP = 0, 6,€ [0,m/2], J AN 1.0
p.u, D, BU(E {5 [ & [1.0,5.0] pu, H D,, 28 b X}
Ao WISZIANE 4 s
0Aw(t) AP Da, APt
=-—|1-¢ "’ |+
0D,, D2, Doy
AP
D,,

_Da,
e Ja (25)

(26)

Aw(oo)ch—wo =

Aw/(rad-s™)
=

B [a]/s

B4 D, TAITAw BIFNE
Fig.4 The effect of D, 0n Aw
25, Do H K, 5 KO0 5 i 3 52 o AR
Ao BB T I, 2 (26) T Aw(co) BN, 5K 4 51
Praf R —2 . NI R D, A F T8 SRR
RETE
BT o X Aw 2R T, BB = (27) P,
T X (28) o Jo ZEALXT Aw Y2 W AN AT 5 BT
R, Hob D BUE N 1.0 pau., J BUIE 35 Bl (1.0,
5.0] pu, HARAAFSIE 4 —2
0Aw(t) APt e_ﬁ,

= Jeq (27)
2
0J J2
AP
A (00) 1, = (28)
D,
——=J,~1.0 p.u
= J, 2.0 p.u.
J=3.0 p.u.
—~ - J,~4.0p.u
‘__g ——J=5.0pu.
g
3
<
0
2 4 6 8 10

fil 171/
B 5 Jog TALITAw HIFSNE
Fig.5 The effect of J.q on Aw
K@), B T 3, 5 R0 2 Dk S
18, Aco 2l 7500 P 22 75 B 2218, X (28) 1 Aw (o) 5
Jog oK, BT Jog R SIMGE R B Ao ZEAC R B
GRER) 5 R, S 5 734 R —2



115 TR A DRI A R I B AL O 4 D R IR L X R SRR AR R

#E— 25 HE T g, X 4 R 25 728 Ak 2R (rate of
change of frequence, RocoF )3k 5, H:Zik={h=0(29),
o e A K (30), WA X (31, g, 2B AR

RocoF FsZI & 6 s, HASIE S 5 —%,

AP P,
RRocoF = J € Jea (29)
eq
D
ORuoc _ 1= (_ AP APDeqt) (30)
2 3
0 Jeq JEQ ‘qu
AP
RRocoF(O)]eq—wo = (31>
Jeg
0.15 ¢
——J,=1.0 p.u
= J,=2.0p.u
. 0.10 J,=3.0pu
T ——=J,~4.0p.u
N —+—J,=5.0p.u
) e
= 0.05
S Q\
S
&
(1K 3
7005 1 1 1 I
0 2 4 6 8
I [a]/s

6 Joq T RocoF BIS5MM
Fig.6 The effect of J,, on RocoF
0 (30) R J,, K, RocoF ARkt /)N, Jii %2 4%
L FEREAS, 31 T Regeoe (0)E/N, L5 6 51745
R—B GRS, RN S, AMTEES TR
RIS TE
BT Deg X A0 SRF, B WA(32). D, 21
Xt A BIREMA AN 7 R, HAR e rh S 4 —2
0A6 APt 2APJ, < D) APt 2=,
l-e Ja |+ e Ja

=Tyt 3 2
aDeq Deq D:cq Deq
(32)
0.12
0.10
<
0.08
B
= 0.06
5 —=D,~1.0p.u
0.04 = D=2.0pu
D,=3.0p.u
0.02 —— D, =40 p.u
—+ D,=5.0p.u
0 1

I TR /s
7 Deq TUITASHIZZMM
Fig.7 The effect of D, on A
KT (32), BB Do H K, AS HE A DK
ANIEATR T DA R R . 518 T e BT as R —
2, s K BLE B #a i Tk e, i) ToF
o ILECRE D A TEHE T TR MR

M
BT J X A0SR, B WA (33) . HARFAM
55 —8L, g, X A RyFZIanE 8 iR .

0AS AP D APt Ps
- _ W ) e (33)
dJ

0.15

010 - 0

Ad/rad

0.05 H]

B 1) /s

B8 Jog TLITASHIZIT
Fig.8 The effect of J,, on A6

A QOF (33, BEE J., 16K, A5 HE s
Gz, R T I AR R . B 8, U, R,
AS A A i T B R A R AR 22, BRIV R K ) A i 22
AB o SERALZZ , M5 O+ Ad o FIE R T I B B R
o B, ROAATE AR KU o X T[] Ay ™
HCRRE, AR Joq SERAR T I ARG P, TR TR )
) 158 FE O, B8R KB K T A0, O 1 R
WEIE], A A TR E M. T30 S ) T
() R B e, PRI, SO FLIACH J RO T
A TOL T I AERE, X530k [26] FIRTFE 4518
—3

g5 b, AU E S AR ILALE g, M D, 1EUE %A
T, T Jeq A1 Dq B 28 T BYSIARERE T FN ) F A2
S P B HC S B8R A S e AN T, A DB 22 S 1 S
AN ] A AR o
2.3 EHREFMHESFESHT

2.0 E W] T JE T ER 2 5 EL IR 2 AL k.
Feog IV gy BOBCAE L, A3HIT K Ko AT K, B AR 2552
FEVERYSZIR, B2 XS T 0 28 SR i 2500 #r o

KT ke M kg BB S HRAE 3T, 915 T HL 4B

ERE ke, WTCHI R RIEA
E=U,- <kep+ kCi ) (Qe_Qref> (34>
N

FA) O 4 785 it A% A () A DO TR P, FTJC D TR
0. NM:

3EU
P, = 2ng sin (4) s
0. = 3E*-3EU,cos ()
. 2X

g



& AH) ALK 116

LI AR O MAK(34), BITHAK T EWY
PR, KA Q= 00 BAERE A (s = 1, BIZRE R
IR kls), RBIE ke, IRLIR, LI 778

3 3
TngkepEz_ (1 + 2ngepUgCOS(6)) E+ Uo =0 (36)

A R 5 FE R RAR A AR g E, an=X(37) pir
N, IR YR CBUE S o SR ECTF k, B92EL,
wn=t(39) iz

X 3
E=—"|1+—k,U 8)+
3kep|: 2 g v gCOS( )

3 T 6
\/(1+2}(kepUgCOS(6)> _XkepU0:| (37)
g

g
Hrp.

X,
E= 3,; (fi+fo)
3
ﬁ:l-{-TxvgkepUgCOS(é) (38)
3 6
f'2= \/<1+2ngepUgCOS<6)) _ngepUO
0E X, 3
Okey 3k {ZXg U,cos (6)+
-1
3 6
2(1+ik Ucos(é)) 3 U,cos(8)
2Xg e 2Xg gcos -
6 X,
XgUo”— 31%, (fi+fo)
(39)

i G FE(39), ke, R 22080/ X3k
M RER IR/ Es fi LB R, 4K E; £ 4 ke, HOF
JTRRI, SR E AR TP A8 78 kg, BUINEE, E PO
P, R A R R AR E M, MITE A, 18 P el R
i, i T X3k, W/ NI E, R B 98 25 H
T ko DB N T ke, EAF TR
T,

OIBT kg BT SRR PE RS2 . T AR E X
TSR 1 BE 3 A, RS IIIH) kg 3R 2 B4R | &R
GETH BRFS SR ZE MIRE T, HL TR AR 22 900N TR A
], B K kg SR NIE L R, H kg i R 251
BRI, kg BRI R ZE0 AL ko 1%L
HYOL KT 1R,

M ke ~ 0, H koko>>1 B, X (22) LT FK5
AR (40)

E:%+£4QM—Q) (40)

B35 Q. RAK(40), B R T ERY

, . k.,X, U,cos(8)
TR, H A m= 3’>+ : > W E R

AL R XT m &, K EXT m iy
#(41),

0F =1+ n >0  (41)
Om V= 2k, X,0) /3

1
:T‘K:EP: c= U0+k7Qrefo
W5 W, EZRT m WHE K%L, 0 m KT

ke ZEALY RREL, BIS(42) ¢
dm X,
g =3 >0 (42)
m B ko, SIS K, i#E— 2L 53 HT ko, X E 1)
oM, —J2 m B R 2B E LR K 2
AR IR E, 57 R m BN, 26
PEI S 5, E B m B4R, 025 m BRI, F
T 5, E W om R, AT, k., 14
KEHER E BRI SO, 48 s 8 8 i e faue
PRI, A o) 250 A8 375 25 1) TG T 30 2 S PR AR B A T
DI BHL ke s T ko WIARAE 1, T ke ko A1 Koy BT
BT AR E B AN 6], ffi To o) 20 22 ek &2
LA 8 AR o

3 DEFSEMMETRBNRARERM
RXEERSH

3.1 AR ERMEITTINERE R0
X351 P, LA (22):

&6 a5 ULE

Tage PPag t Ty

2 M Ak b F, 5 /NI sin(8) = 8, cos(8) =
62

I=—-, 43) 22l (44)

&6 Dy d§ UE P
+ + o=

sin(6) = Py (43)

e 7 Ty dt U X, g

) (44)
0.~ UL UE
X, X, 2X,
A
U,E
%= X
qug (45>
2w, = —3
{o T
P w, W HRIICR; CNBHIE EE
N (44) E—FT I 5N
) ds P
ref (46)

+2 Tt 26:
fon- g+ o,

dr Je



117 TR A DRI A R I B AL O 4 D R IR L X R SRR AR R

4O FAAERR SR 5 Sh AW B 72, SR AS A
fit, koA d’6/dr = 0,d6/dt = 0, RS S AT
Prcf‘]cq

S, = 47
U,E/X, 47)
4%‘ 6gg 1’%/\?2%(44)7 Qe ﬁ‘j:
E* UE PLIX
Qe ~ g + ref* eq“*g (48)

X, X, 2U,E
O AFAE Jo BIIE [0 5 I J, K2 55
O, 3, P, J,, 23K Ty 56 A i 22 % JC T T 3R 11
A0
T A B0 25 i 17 o AR, AR 2 (45) T Al o, =
5 E= D / 2 I SN
(> D) ImFFE (C= DFARBEE (C< DIFSL,
K (49) FiR .
6(t) =6, +Cie™+Cre™ (>1
6(t) =6, +(C,+Cot)e™ =1 (49)
6(1) =6, +A e cos(mgt+¢) (<1
L 0g= 0, VT=2%5 C. Gy 4, WAEL R A,
L AR
W20 (49) 1 3 B B 43 AR A (44) 0,
BT o, KA R (50) .
E* UE U,E

()~ = —E 5 (s 50
0.(1) X, Xg+2Xg (1) (50)
O KFHE(C<1),
E? UE U.E
0.(1) ~ Z_%g+ 2§(g (6, +A e cos (wyt+

E? UE UJE
QD))Z ~ 7_ g +¥(6§S+26SSAlef{wnt

g Xg 2Xg
cos (gt +¢) + Ale ™' cos*(wyt +¢))  (51)

Q IEFPHIE(C=1)
E> UE  UE

N — 5+ (Ci+C)e™ ]’ ~
Qe( ) Xg Xg 2Xg [ ss ( 1 2 )C }
E* UE U,E
-+ [0 +26,(C + Cot)e ™ +
X, X, 2x, '
(C, +Cyt)2e™] (52)
@ (> 1),
E* UkE U,E
) ————+ O +Cie™" +Cre™ )’ ~
Q( ) Xg Xg 2Xg ( 1€ 2€ )
E* UE UE
o et o [05,+20,(Cre + Coe ™) +
X, X, 2X,

(Cie™ +Cre™)?] (53)

D, HAEHWIBHIELL ¢, Do W RH, R %
SRR, A7 B TR AR E TR IR

25 b, A DI 2 S U U, R D IR,

1M} Jog Hl Deg ZEAEZFENE O, AR ASAE AN Bl 250 )37

TR X TC T = A 520
32 ZMRERMEXEINIARIE N

B (35) % 0 ACAT(22) LI (54), H
FFI Qref = 00

. U, {1+ (kcp+ k: )kcv} + (kcp+ ksei ) (0= 0.)

1+ (kep + ﬁ) k.,
S
(54)

K (54) 1L 38 PREIR A 2y = —Kopkeys Ao = —eieyo
X T RSO, K ke, M ke, 230 SR, E FESE
PERG TR, 22800 R 5 AT T A T, ke, WTRETL
K AQ 1 Ik i 2l E, PRIt B4 1] 134 K &, 59
AE TIE A/ ko 385255 PRBLE &y 15 5853
TRE ST RO AT, H AT R T Bk vh o K (R ARK
(35), 4341 E X P, (5200 S8 AR TC I BR 22 S5 1 A R
TE ke ki ko FIZBALER AR E, TIXT T P, E BFEPESS
A3 P, (A4, AT B )30 25 S G 2
BZNili} A8

4 WRESEMMBETRFESHFIERE

R U UE LA I 4518 B4 1 B R SR s 1) A L
P, £ MATLAB/Simulink " 4 & % B (1) 15 B AR
R BRI SR 3 s, IR T bR £ 4k ik
The DHELRTE] 5's, 2 s Byl & AR, BB 10053 51k
I 256 JE 5 0.8 pu( T8 — ) AT 2K B 0.45
puC T =) o XA A4 47 FLASE 7R AE S DL 5] 9, e
L HUEPE R IR

F3 ERSY

Table 3 Model parameters

28 Hfi 280 Hf
HRMBEULV 1000 BT,/ (kg m®) 2
L M L R UV 311 FHJE D/ (N-s) 20
ZRE KW 100 | —IEMB RS/ (pu-HZD) 10
WU LR L/mH 2.1 HL R LA 2 5k, 40

IEE LA CyuF 50 W R S 4k, 5000
AR L/mH 12 HL L HE B 2 Bk, 1

L HHR/Q 0.05 L AR T S8k 100
FF AR /kHz 10 PH IR /KHz 10

41 APREFUESHFESHT
A NI 22 T2 MU IR SHL T M Dy,
I AN [R] K /N T Bk 2 b T00 T D e
PERS AR EE . R IBOA R /N Dy BAiE 2 Fif
TOUT It E ERA AT E N, 252 R ANTE] 10 fros o
P 10Ca) Hh, BB ARRE T, Jq B R FRAR A1 3 J3E i
RAE. O TELI R 22 582 785 T A 2 KAE. G I L



2 HEHEAR 118

| Vs I,

:-L_J : Y'Y Y

T

Sy wn i EXC
e LT

L Upee Lo

PWM | _ [ e B
R Il 2 D

,,,,,,,,,,,,,,,,,,

B9 INERESEMMEITRRINRINEER L&A

Fig.9 Power loop modeling and line topology of power
synchronous grid-forming converter
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Fig.10 Analysis of transient characteristics of active loop
difference of grid-forming converter
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Fig.11 Analysis of differential transient characteristics of
reactive power loop of grid-forming converter
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Fig.12 The influence of active loop difference of grid-
forming converter on reactive loop
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Power loop modeling of grid-forming converter and the influence of
difference on transient stability

DING Ran', SHAO Yinchi’, LI Yongkai', HU Yan’, YAO Yiming', JIA Jiaoxin®
(1. State Grid Jibei Electric Power Co., Ltd., Beijing 100054, China; 2. North China Electric Power Research Institute, Beijing
100002, China; 3. Hebei Key Laboratory of Distributed Energy Storage and Microgrid (North China Electric Power
University ), Baoding 071003, China) )

Abstract: The grid-forming converter (GFM) is prone to transient instability, when a fault occurs in the power grid. At
present, the research on voltage ride through control of GFM is comprehensive. However, the influence of power loop
difference and interaction on transient stability is rarely analyzed. Therefore, the expression and power-loop model of GFM are
derived for transient conditions, based on the typical power-synchronous loops. The expression establishes a bridge to analyze
the influence of control loop differentiation. Secondly, the influence of power loop difference on the value of control
parameters is analyzed. The difference of active loop is the scaling of control parameters, and the difference of reactive loop is
the change of control structure and parameters. Then, the interaction regularity of power loop difference is described. The
inertia promotes the coupling of active loop to reactive loop, and voltage correction coefficient alleviates the deterioration of
reactive loop to active loop. Finally, the following conclusions are concluded. Increasing damping and decreasing inertia is
beneficial to improve power angle and frequency stability, while smaller proportional, integral parameters and larger voltage
correction parameters are beneficial to improve voltage stability.

Keywords: grid-forming converter (GFM); power loop modeling; difference; transient characteristics; control parameter

changes; power loop coupling
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