U ER TR

117 2022 4£ 1 H Electric Power Engineering Technology AL F1H

DOI:10.12158/7.2096-3203.2022.01.016

A2 L it e L R /N 5 15 R R U AR 4R 1 20 A

R, EMRIRT, TRE, LU, s, 2’
(1. [EFVTH545 B 1A B 7, TE35 fE 8T 210024
2. [ W TR A PR B v I RRE BRI B , YT R C 211103
3. BRRG TR S AR B K A SR (e R R L BRI 430074)

 E:XAARSLMAELE ER 2, AT RAT LR A S, P4 ER AR R TAE K&
B IG AR MAIKIRIR FH IR, FRAG SRS, P H A N5 EEAM L R ARG 7 ik, 24 8 W 5%
T KT R Ak 3 AR R XRIR IR G 6 e, RG , IO AR B R ) B A e 3 A T m ) 3R 69 3R 3 A7
H e, EibAel Ao A 53R M AH e ERA T E(VSC) A8 2 ;375 V AR My R3g XK E ML 4T
o BBt o X ARSI s Buck T4k 55 BIR AR AR (P 42 4] B8R4 2 R % m 2 R E M A2k 5 A
GG IRE, BRI PLAzH) B0k R B D AR S AL KA R AR TRAEE ; B E Buck & #: % & JE 4

IR PL 324 88 53 An 32 A W m 3 ) 88 5T A A7 SKIRIR 3% o L P ATST R R A AR & W R 5% % of B F 0 it R 4
A, SRR A A B W TAZE R BB AT AT B A& L,
KR R AABE W 5 M5 AR AR 5T ARIAIR T 5 I Ande k) B2 IR 35 A

HESES TM712 MRS A

0 3§

AL I R ) LA i 126 D R R R4 R SOR
A& T A PR PRE S X Uy R SR AR 2 U, TR
FAMCR )z SR, B L T L A K
A RGEESTENERH 2 R o FER LR
L A A R R R e BT R AR AR 5 B
Geo SCHPER X i ) AUR 52 L I I R R ) R A
Ty, LA J5 2558 B it e HL ) e 1) i A iz
i =%

M SRR E PR T R F T B AR E 1k Y W
Jrikz—, n] A AR 2 25 ) R Ak fE 23 A 55 07 1
FERGLIE 52 /NP2 Ja P4 A8 € a8 AT A AR G Tn] AL
FHIEAEL o AT 35 2 /NP B AR E P 23 M O Tl A3 2 )iz
JOLFH , SCRRT 3—S5 1329 M TS AEAE 70 BT ik o B A TR 42
TSN R G E ML . BT 5 L T T
AR Gedk i [, SCHR L 6—7 141 H Rt 80
DC/DC 5, AC/DC e AHEA R NI RS, FEARSE
BHJEAN A, MTT 51 A B3 R s R B0 SCRRL 8 ]
35 HE ) A 3800] A T EUM0R N B2 e i B
WS IR A Tt . SCHIRT O | #5745 ML IR ik
3 N Z RSB R R, S 42 S RO PR G A 2
SN o SCHRL 10 T4 th b LC g i Hh BTN
LC & Pt A TP HUAE AR s B e A EL A A

W AS B #7:2021-08-17 ;45 =1 B #7:2021-11-21
A8 BERARAFAL TR B (U1866601)

X E YRS :2096-3203(2022)01-0117-09

AL AT RE H B o SCHR [ 11 ] i 2o 76 2 1l 267
SE AV R BEL , 400 7 52 O e e i LG B AR
k. 25 EPng, RGN G M HE S PRz {7
A e ANTR] P RS 0 R Ge ik s 1 LA AN R AR
Gl AR B RE 40 R AN [] 118 42 1l 2 ORI [R] oy 4
i R 2 W P 7 S AL L . KT, HRTSR T
AL B R AR ¥ O BF T B, Lk 2 i P
SRR o IR, SCH IS B 52 7 IS
HL I BTN B 4 Hz ZE A IRIIR G R th K, e
IME SRR, XoF 52 A T R 19 B0 AR E A T
A

N T RAWFTE M ARSI 5 1) T2 R I
B A BRAA0 R R 5, SCr R 5 B | 2l 3OK |
PEHIZH3 071, PHE HX RGERRE PR , I
B il s 2 ORI R 42 i 45 2 A0 B2, RS AR
W A A . ST AP IR ST PN A A8 LI L )
TR HAHE NS HE M E.

1 XEREREMEENMSSEE

1.1 ZHERABEMRE

SCHYE B i 28 T i G HEL R A AR A AT 1
TN REBIILAT 4 A 1, 0 ) D A i v 1 AC 10
kV AC 380 V DS} H Jitsn 1 DC 750 V. . DC 375 V,
10 kV 22 i BER 2840 v g L 78 Fe 4 ( power electro-
nic transformer, PET) {515 5| 750 V H i &,
PET = 1&® 15 R A gt Bk H #F ( cascaded H-bridge,



2 HEHEAR 118

CHB) +B5 & B3 w4 P55 ( dual active bridge, DAB) c !
45K, iZ45 Kl S AN AEIA G CHB AT DAB 4 5, 4n &1 B
2 fiRe DC 750 VAT 2 A I, —- 43 i L 5 R AR A pens oo | i
4% (voltage source converter, VSC) VSCI1 J5 [8] %] 10 P ﬁ 1+1 §B {]ﬁi ¥ ‘
KBSk s 73— = Buck 888 % DC 375 | [ G | W i

0 V3B . X4 =4H Buck L i
V,ﬁf%VSCZ@AC?S V)Q{;u,!:f 24 =#H Buc | l@lj_w%l}{lﬁ@_ —
S A 0 3 I K 2 A S, 375V ISl [Ea
BRI KR 4 Hz RBURG LR . cHB' | DAB |

el 1200kw B2 PET XREEH

Fig.2 The structure of the PET main valve tower
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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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