U ER TR

202241 A

Electric Power Engineering Technology

T4k F1H 192

DOI:10.12158/7.2096-3203.2022.01.026

PR D 3% e TR X6 300 A48 e R 14 52

R#HH, LE, FRIE, FAL, @R
(1. [ R e A B 7] 2 B AR BRE B , BB B/K FI8 X Ak 5% 830011
2. A A AR K 5 O AR 308 B TR b (BB AR%)
HrimdE LR HiR X 28 AK5F 830047)

W E AR S R RIS 3 PR M B 38 T 35 R R AR M AR K M, B SR T R 58 IR VT Ak S B Al k.
W, HRAAMNHE,;BEEFELT LB ERRGEOBAFTELERAX, A TRAXNSH T #H kR4
BENEERE AL S ARFRSHME, MEAR T RAFELE L EARFH A 3T £ B A 6 Y, £ ILE4
WP SRR G R A R R ENHS R TR ARG EZHE, PEtaF K%M AK, &5 £ PSCAD/
EMTDC & 2% 45 Lt & BAER Aiffs AR, 47 AL IIE T % 3% 3w 45 AR W7 58 25 0k 17 xb 38 & B e Anad A2

w5 AR S RSN E

KB AR AR B R ERH A XA KR A% e 5k

FE S TM732 XERFRERY : A

0 3l

T REPR rp 0 5 A RO A B ACT , O A
FGE R LR A R B R A R ST A2 B Tz R
T ARG A AR A AR B2 (Y ) R A
RO FLIL AR G AL e 1) T b 2 — , [ P Ahe
H BRI ZIT AR AL ER TR IEIF 0 X
KL 6—7 1005 H A 1 AN [R) ke o 5 |2 45 A % 1
P, T4 R I RRE AN ] IR 800 2 DA 47 ol 5 £ 7
PEASIR] . SCERE 8 20 HT 1 58 I AR G A X Bl e it 472
3P R T 73 A R I At ) 3 A 2 T o SCRIR 9
LD S A S A S S R I O A LU L
SN i A [ 2 P8 B AT 1 05 BBk, 3T
Bk 10 BT HOR T el 1 G A Rk o, 48 52
TARGEAR R FRER RN, e i BF 2 v e 5 2 TS 2
SERIAR R T REME . LA EWFSEA#r T 3 di 58
AR G R R R M (RS 100 ms fR473)
TR B " & FERGE IR Z B vhif , 7TRES 5L
BRI DRI 5 I 0% i B I A o R 114 52
Wi HAT B2

SCHVER R 52 i FRL 0] 28 58 B AR G, 20 BT AR T
e B ] X 300 78 8 A PRS2 ) e 0 A 0 S O
2R % M PP v L e e, i S DA 3 e 9 i 6
TS 25 WA =S i W T LA TR 5 SR R G B
FOX WA 52N , - AE PSCAD/EMTDC H 87 25
D5 BARAET- 5 45 52 L 7 BB LA T 05 LRI

WA B H7.2021-08-13 ;45 =) B #7:2021-10-24
AA2RAB . BRAARHFELFTBR A (51877185)

X E YRS :2096-3203(2022)01-0192-09

1 HBERMEEZNEER

SCEMAR G, WAL 52 2 R A
BRI, DR A P A 1 9 B 1) H TR A BB
BT BRI FBAAR I o el
1y AINFUG T 0, AT R o y
P& S WS R

ﬁkll<JXCl

Y = arccos

+cosB] T ¢ (1)

O X WAL MG AR HLATT 5 Uy i B R s 5 &y
AL A8 B 5 B A i A BRI AR s IV R 6 ik sl
A RGO B o i B2 Head &
FATRE A W PR 2

WA S LR S A A B 80 £ £k s 1
PLBTEANP 1 PR,
a s

Uy,
,

Uy,

uy

i wt
!

+t—:+
B

o
4

>

OSN__"¥ =

!

;

B 1 #inEEREERE
Fig.1 Voltage waveforms of commutator bus
S I A TR T 7 L /S K /ST s = A o e
A5 AR B B AR X PRl B v SR T 5 o DAy i
s, y SRR IE R IS AT IS 4R £ B OB s
Y53 I R X R S R I ) A 5 S S A 5y g AR
PRI 9 DT A o R AR X PRI w1 D8



193 ARBTHT A5 « SR IS 2 B I 0 396 28 8840 A ) 2 )

IN BRI ', @ 90,y WKy R AR R
ﬁ%ﬁlm@ﬁ%ﬁiﬂﬁﬁhwﬁ%%ﬁﬁi
LRI

2 EATHERE%ES B IE X HaAE A 22 0
SELI A SRR TAT 2 7 o

TERRS RS
F|g.2 AC/DC system simplified model

B2 d1, K, E, 535105 20580 R G Sk,
Vs Zo N EELE MIN (] (R 2k B BT, % Rt A 552 30
RGN R, A s R RS
SR 3 B

N .
| Zy E:N

3 ZEHERRFEIEDR
Fig.3 AC/DC system equivalent model

K3, E, By AR E T TR G S0
Wi Zy, Zy SRR ST RGBT Uy,

ININIE

Uwh , UMp j‘jl_ {mu}ﬁfllbﬂé)% MAL PFHEE.V
B THHR R ERLR R
0. =ik
o Zz‘(l)
K,
Upe = (A = B) (2)
Zk(l)
| K.
Ue‘VIca = B
ZZ(I)
/\EF‘:
a=1,120°
a® =1,240°
A= -1
B=a-1 (3)
K, = EM( ZN(I) + ZT(I)) + ENZM(I)
Zsoy =Zyay T Zyay T Ly
Zso) = Zyay + Lyay t L
Zz(o> = ZM(O) + ZN(O) + ZT(O)
J—'—EEP:ZEH) ’ Zz(z) ’ Zz(o) ﬁﬁ'ﬁﬂﬁ\ﬁ\il?@%ﬁ@

AGAFEYL. SCH MR (L), (2), (0) 7051508

X R R IE LB

RELR MN [R1Z2 16 % 1 A M M e o 5 gt 1 0
VLI 4, 7, g M At BB Z, = 2, + 2, , ok
BEREAT; Ul s Ul o Ul FHBEIS M b = AHERTE

M g N

Uia Z Zy
| =T |

—
| 2 |

B4 AREMERIER
Fig.4 Equivalent model when A phase grounding fault

BN RE M PR e A S Z 8 RN 2 i 3
Holi B R R (R b T AT R, 74
K AR SRR o RS EAR 5 B B
IR A A AR A, HLARSCR AR B A2 . S fRIIE
RGURSEIBAT , A R A S BT % g s ) e 25 65 o, il e
LRI 5 PR

MU D g U g

N

i e ! i

v U b 510y %o\ | 2 B

© | Ui I iU, B | O
— ! ! —

B 5 A FHETEEES B E &R
Fig.5 Equivalent model of A phase circuit breaker trip
BIS o, Uy, Uy s Une s Dy D s L 53 500 A
e B B i I 3302 M B R b = AR T S L 5 g,
Sy Wi BT 15 U, R gk AR F RS LR s Uy
T S8R gk IXIEN B .C HILREE 10 FE %
U e LK IRL S A AR =5 R 2% [ A ) 6 s

E

SIS

E,
M )i
ZM(I ) q k ZN(I) X
I i )
o UM(al)
Z\/I(Z) q k ZN(Z)
=T —
U,
I i @)
@ UM(aZ)
ZM(D) q k Z7\(0)
. | g
- ()
1(0) l]M(a())

El 6 BETERERBkIFEE A H=FMKE

Fig.6 Three-sequence network diagram
during circuit breaker trip of phase A

K6

U, =U,, +U, +U
{qA (1 (2) (0) (4)

L . .
=1y + 1o +1,



& AH) ALK 194

q ki R HL P RO
Up =10y Zoy=Ug,
0_j<z>Z<2>:U(2> (5)

0 =14,Zy =Ugy,

ﬁEP;Z(]) 5Z(2) ,Z<0)ﬁM%DEAE@%{EmTﬁO :,H\:

AT
Zoy = Zyay t 2y
Z(z) = ZM(Z) + ZN(Z) (6)
2oy =Zuoy t 2o
TR AL T A
Ih,=0
Ubb’ = ZT].Z’m, (7)
Uc(" = ZII”VI('
A B.C ZAHESEREAEN:
X, = Xa(]) + Xa<2> + Xa(())
Xl, = dea(l) + anm + Xﬂ<0) (8)
X, =aX) + dea(Z) + Xoo)
W= (7) etk b Jr oy e e fl e ok -
Loy 1) +1=0

Uny =Zeyl iy = Uy = Zoyl (5 = (9)

U<0> - ZT<0>1<0>

B2 (5) A (9) I BE HL & P o3 i
— U‘/k[kz B Z<1>(Z2(2> + ZE(O) ) }
(1) Kz

(10)
Ui = UpZ 5 Z30) /K,

U<0> Uth<0>Zz<2>/K
Hirr,
Ky =ZyZsoy + ZyyZsgoy + Zsy Ly (11)

= (10) K& 6 15 308 28 il 4 i BE L A A AH R
=73 h
o KEy =2y Up(Zsay + Zso))
UM;{(I)_ .
K,
(12)
U/ﬁmz) U[AZVI(Z)ZE(O) /K,

U//’VI (0~ U,AZV[(O) Z2(2) K
T AR g B, SCH N O IE L T B B
M
AT (8) AN (12) ATA5 LA T 2 B ] 50
TR A -

m quZM(l)I:AZE(l) + (A - B>Z2(0)J _AKZEM
UMa])_ X
K,
i (A - B)[KEy = UpZu)(Zsr) *+2250)) ]
UMl)cz X
KZ
U// _ BKQEM + quZM(l) [ (A - B)ZE(O) - BZE(I) ]
Mca — .
KZ
(13)

T C13) Al R, A 4 i W st I )i, 396
IR R L 5 R G 2 AU S O 5%, 5 Bk T T e
BEAR R S 3 PR IESG . PL AB 2R HL [ o 1], K
A (13) AR ARy A A bR E S R

E‘ =m +jn

Ey=p+jq

=1t js

N

T(O)_6+Jf (14)
mey =% Ty

M(0) =1+ jh

N N NN

Ny T u T Jv

ZN(O) =g +jk
FFAS A FH T v DT 3 ) )5, AB 2R L i B%
AR C1S) Fows AR HE S AR DR 5 A
b, =6,-6, =
2(HF - EI) + (3n +3m) (K + ) _
2(HE + FI) + (3m = /3n) (H* + )

arctan

(15)
b @, WA, 20 ol % R ARS A AUE # A
LRI 0., 5 07, 530 Ay VBT 6 5 Bk 1D T F AB
LRGN H, F, E, | HRGENS
AT I A *H%F'Fmﬁﬂﬁ%%(%ﬁﬁﬁﬂﬁ)&i‘
RIS B RN 7 i

U.

(b) TEAEHAM

B7 wEH

Fig.7 Deviation angle

B 7(a) i, A AL IR IRAE U, Bkv& 8 U, AL

A LR WE U, 250 U, , UL %8 U, AL FA AT @,
B S TR AT, BT (b) A K B



195 ARBTHT A5 « SR IS 2 B I 0 396 28 8840 A ) 2 )

UK U KBRS s 2R R U7, 4% U, A AR
WIS o M S R A . He T BE L i R IR
&1 8 T

a H 4

! — Uy
i "
! —u}
l I

Uy
U

. =
e
ﬂ’:y

wt

I

{

wry
8 MimELBERE
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Table 2 AC line parameters
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Influence of single-phase circuit breaker tripping on inverter commutation
SONG Xinfu', MA Xing®, LI Fengting’, YIN Chunya®, XIE Chao’
(1. State Grid Xinjiang Electric Power Co.,Ltd. Economic Research Institute, Urumqi 830011, China;

2. Engineering Research Center for Renewable Energy Power Generation and Grid

Technology ( Xinjiang University) , Ministry of Education, Urumqi 830047, China)
Abstract:If commutation failure does not occur when single-phase high resistance grounded in single-circuit AC line of
inverter, then single-phase circuit breaker tripping may lead to commutation failure. Firstly, the expression of converter bus
voltage after single-phase circuit breaker trip is derived by using symmetrical component method. Based on the expression, the
main factors affecting the converter bus voltage are analyzed,and it is found that it is related to the equivalent parameters of the
system. Then,the influence mechanism of voltage deviation angle of commutator bus on extinction angle is studied. It is found
that the zero-crossing forward angle of commutation bus voltage after the single-phase breaker trips is the main factor leading to
the decrease of the extinction angle, and commutation failure will be induced in serious cases. Finally,the AC/DC simulation
model was built on the PSCAD/EMTDC electromagnetic transient simulation software platform. The simulation verifies the effect
of the tripping of single-phase breaker in single-circuit AC line on the commutation process of inverter. The simulation results
are consistent with the theoretical analysis.
Keywords : commutation failure; single-phase circuit breaker; zero-crossing forward angle; extinction angle; AC/DC intercon-

nected ; symmetrical component method
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Small signal model and DC side low frequency oscillation

analysis of AC/DC distribution network
CHEN Qing', FAN Dongchen®, WANG Chenging®, LIU Wenkai’, YUAN Xiaodong®, YUAN Xiaoming’
(1. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China;2. State Grid Jiangsu Electric Power

Co.,Ltd. Research Institute,Nanjing 211103, China;3. State Key Lab of Advanced Electromagnetic

Engineering Technology ( Huazhong University of Science and Technology ) , Wuhan 430074, China)
Abstract: With the rapid development and wide range application of AC/DC distribution network ,its stability has also become
the focus. The low-frequency oscillation at the DC side in the commissioning stage of an AC/DC distribution network project is
analyzed. Based on the small signal modeling, the eigenvalue analysis method is used to analyze the influence laws of short
circuit ratio (SCR) , power level and control parameters on low-frequency oscillation. Next,the measures of changing controller
parameters and adding additional controllers to suppress oscillation are proposed. The theoretical analysis and simulation test
show that weak grid affects the stability of voltage source converter (VSC). Low frequency oscillation occurs when the 375 V
DC side power increases to exceed the rated power. The integral coefficient of the Buck converter current inner loop proportional
integral (PI) controller does not affect the stability of the system,but it affects the oscillation frequency after the oscillation
occurs. If the proportional coefficient of the voltage outer loop PI controller is too small or the integral coefficient is too large ,the
system is unstable. Changing voltage outer loop PI controller parameters of Buck converter and adding additional controller can
effectively suppress low-frequency oscillations. The theory and simulation analysis of the actual AC/DC distribution network
oscillation influence factors are of reference significance for the commissioning and operation analysis of other AC/DC
distribution network projects.
Keywords: AC/DC distribution network ; small signal model ; eigenvalue analysis; low frequency oscillation ; additional control-

ler; oscillation suppression
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