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Coordinated control strategy for preventing commutation failure ina UHVDC
system hierarchically connected to an AC grid

WANG Yuhong, CHEN Liwei, ZENG Qi, KOU Ran, LIAO Jianquan
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In a hierarchically connected UHVDC system, there is a delay in the start time of the non-fault layer
commutation failure prevention (CFPREV). This makes it unable to respond to the severity of the fault in time to output
an appropriate trigger angle advance. This may lead to an increased risk of commutation failure of the high and low
converters at the same time. Thus a CFPREV coordination strategy for high and low converters based on the feedforward
of the trigger angle advance of the fault layer is proposed. This strategy uses the characteristics of fault converters that can
more sensitively respond to the severity of faults, and it introduces the trigger angle advance of the CFPREV of the faulty
layer into the CFPREV of the non-faulty layer, so that the start time of the CFPREV of the non-faulty layer is advanced.
In addition, the strategy also introduces a DC current coordination coefficient to obtain a more appropriate trigger angle
advance. A simulation model is built in PSCAD/EMTDC to verify the proposed control strategy under different working
conditions. The results show that this strategy can quickly respond to inverter-side AC system faults, and reduce the risk
of simultaneous commutation failures of high and low converters. The proposed control strategy plays a role in solving
the problem of simultaneous commutation failure of high and low converters in the hierarchically connected system.
This work is supported by the Science and Technology Program of Sichuan Province (No. 2021 YFG0026).
Key words: UHVDC; hierarchical connection system; CFPREV; coordinated control strategy; commutation failure

0 B|= (PIRT RETRIE LA AT IR s FRIE BRI Hh 55 471 far
= HRUOAFETE I B A B A 22 5, Al B T RV I

R REVR AL T L R, AR T FIFH ZFNTH NS 02 RETREL T P B s U2
2030 fERTREIE. 2060 FERTHEAFAIL “XWh” H i B A A AR A R R S DA s T
Fro  “XH” BArR$EH, BRI NE SR IEEEA 5 A R UHT RE IR I 99 I 8 B
B, SRR R TP R R, M Ei e T
ESTIH: w4445+ % % 85 (2021YFG0026) FEMIA B B #is, FEFELEHL X R 2 2B




Fimar, &

i s B 20 J N T3 3R T A R I Bl 2 o s - 161 -

VAT R, I e b X4 X R A A AR 1S T I 4,
DO T 2k F o) PR3 3 6 B FL IR K, [ I e
HEMEZ AR AN R R 18, iz
Uity AT AR G SR R B B RE 71, SCRR[14]
TR M EEMET, R_IE TRmEERS BT
Ui ARG T 2, RO — B ) R S R s DA 43
JE IR\ 20 A8 I R GE AR [R] R 25 2 LN
LR ZLENIYEENRG AT THEZWR. £
BHIR S TR T . SCERAS) 6 LL b T 2
(] v R ELAUR N R R AT R
R e R AT L % 73 2 e N v R vy s 22 T
W =M, RTHEMERARSRMNRSE . Sk
(1617047 TR E HER Y EBALR ARG ER A
PR, Nk R IR B IR T — S
CHR[A7ILA B 35— 5% UHVDC TR NG, X e
SN B AT O, PR TR R T S R
o ) 7 AT AE S T ) R S SRS, 1% SR ] o
Fff ) s WRRR A L W R A 11 FE S J2E R A B )
SEEFE], $EE T RARIH R AT EENE . SCHR[18]4E T
THREEER D EEARGR/IME SR, e
fih b, EEa T Rttt SCEk[9] 0 T
e HR AL A U2 R A8 T RE S B IR SR, I
PR T R gy TR A R 5 e B i 450 428 ok RGP 3
YESHNE . SCRR[20D0 B BT NN 2R
S RIS [E USRI T T e, IR
TAFE R AZ RN RER . SCERR21EH T
— Moy EE T R AR BN R G K R R T
WIS, s R R E R RN R T 1)
AR, F R T o BN R G DR UE ] R
MIRE R SCHR[22)583% T 70 E NS L 1) 5E X,
FHLAMOARERE 3T T 20 BN TR R0 IR R
MIFEANRE T SCHR[23] 1T T 0 2 BN R G A i)
M I B D Th 2 e R A5 ], SIZEL TN A4 A
WA DN ZER ML, ORI T BT
IR AT TS AR 3 o SCRR[24) 6% GE S i N LR
OB RAbrdE T THE T 1 H T 2R RETE bR,
WG EHNTT IR i, R R RS R
T Y s R 23T 7 0 M. SCHR[25) 9007 1 43
JZ 4 N7 30N it BE £k AR HAF DR R0
b, adb— DA T 52 vl o 5T 40 A X A ST
SN FESY E N RGU AR R MO TH A — L6t 51
R, SCHR[26]3& H T 25T 300 AR S I /1 1 70 )2 2
N R G i ity B 70 24 () R BRI 42 1) SRS, AT PR AR
e R i 6 908 2 [ B 2 A F A S RS - SRR [27]

IINT T N EEEN R G it B A [ B kA A ok
WAL B, Fa IR R 2 R AE 2 T 4 )
(Commutation Failure Prevention, CFPREV) & 3]
i JE T2 CFPREV, S80S i it 2% R &
A BRI AR R, SCRR[28] 5] N T A
FHL LI [R] TR AR SR Al A 5% 2 CFPREV #2015 31,
BEAR 7 eI it 45 0 A [P S R A 48 R MU R, (HL
JIT$2 SR W 5 5 5 R A N % A T P R
P, fE— R LI5S T B A R RE 7. X
BR[291 2% T 7 B M BAEFH R T3 H T =K
CFPREV [ 42 il SKEm ,  BRAR 1 i am #a it #3 )
I R AR e AH I RS, (BAFAE D R B VERR Y
o e 7 R 3 VR R () A, 0 T R s
TR 70 3 R AEAN AR R IE R o B
P % RN R AR A R RS, SR RN &
GENT BRI e B T, W T 2N R G TR B At
SR 4 i) Sk B A EE B

ZRERN I Z BN R Gl A M = R e o = s
ARSI R, AT T 5200 28I 2 G i i
i R A A R R, R EEBEARSR
CFPREV AN &2 . FEHfE)Z CFPREV 1) 3l %147
TELERT , P 8 5 20 I It 25 [F) A R AR e AH 2 T
EEXPIZ I, ASCHEH T — AT s 2 ok ik
T 5 H R 0 T I S 3 2% CFPREV W 5 ms, 714>
BT T ZORE X KRGS r Rt m . &Js, 18
PSCAD/EMTDC H#4 % T | ZH N\ R Gih EALAL,
YGAIE T BT B BIb R 2 ] S (A R

1 BeEERTEEARENSR

1.1 PEBANRZLEN

FIEENRREWE 1 PR, KGR AR
P R S B R 24T T X, e 2 AR E
T AT TN IR 12 Bk ShHR It A . B
Hh PR B R R L FEA R R BRI B AR O K i A
s, RumPumas e 1000 KV AT HL R PH B 4%
Mo B AL R A FON m iR,
Ui I A 2 500 KV AZ 3 FEL I o AC I IE B # AITETh
M B 28 TE PP L R S g H X R 4y R

Bl 1, Ua A1 Ugi 2 51 8 B0 sl R0 T 3k T %
X H B R s g At i FE e B 1 B IAL, ane
law 20 R ad s Ao e e ) B L Uns
UL 2 3 e i 36t BEER (1) 28 Fo A RUE; Rq A
Lg 73 7 % FL 2R 4% FELBEL AN FLUBS ;. Zo AT R G SMH.
BEATT s Zoz 9305 A A i 0K iy 456000 B 246 18] 1) SR G 3 FHL
i, n=123.






-162 - LY EE X T EE R

500 kVAZ i
Y

Z

U“
Up
1 000 kVAZifi

R4

AD_@ 500 kVAZ il R4

“ —l:l—@

— Z
—
Zy

E 1 DEEANRGRLEN

Fig. 1 Hierarchical connection system structure
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Fig. 2 Basic control strategy of hierarchical connection system
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Table 1 Main parameters of hierarchical connection system
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Table 2 Grouping of base coordinated factors

A 1 2 3 4 5 6 7 8 9 10
KbaseH 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
Kbasel 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
7 3 500 kV #if Bk = IREEM BT E LR 1
Table 3 Simulation results 1 of converter bus after a three-phase grounding fault in 500 kV AC grid
et 1 2 3 4 5
FHLJEH UHmin Ymin Pmin UHmin Ymin Prmin UHmin Pmin Pmin UHmin Ymin Pmin UHmin Ymin Pmin
0.1 0.6016 0 2779 0.6028 483 3166 0.6051 1093 3199 0.6056 12.20 3184 0.6054 11.68 3177
0.2 0.6828 0 3311 0.6821 432 3637 0.6832 803 3720 06838 7.88 3735 0.6843 1046 3745
0.3 0.7183  11.07 4918 0.7121 0 3938 07146 636 4386 0.7157 949 4472 07160 10.76 4504
0.4 0.7462  12.22 5147 0.7458 1221 5121 0.7453 1218 5120 0.7447 1214 5092 0.7440 1190 5065
0.5 0.7558  10.27 4859  0.7560 1245 4896 0.7559 1260 4885 0.7553 1274 4896 0.7553 1275 4893
0.6 0.8724 13.70 8178 0.8724 1370 8178 0.8724 1370 8178 0.8724 1370 8178 0.8724 1370 8178
0.7 0.8934 14.85 8462 0.8934 14.85 8462 0.8934 1485 8462 0.8934 14.85 8462 0.8934 14.85 8462
4 500 kV R Bk = IR BASE (A E LR 2
Table 4 Simulation results 2 of converter bus after a three-phase grounding fault in 500 kV AC grid
Hedt 6 7 8 9 10
FL/H UHmin Ymin Pmin UHmin Pmin Prmin UHmin Pmin Prmin UHmin Pmin Pmin UHmin Ymin Pmin
0.1 0.6054 1215 3173 0.6052 11.74 3172 0.6051 1202 3164 0.6050 1221 3159 0.6052 12.61 3156
0.2 0.6861 1063 3750 0.6851 10.80 3752 0.6853 10.74 3737 0.6855 1053 3727 0.6856 1058 3720
0.3 0.7160  10.82 4512 0.7156 10.79 4516 0.7151 10.77 4500 0.7151 10.72 4497 0.7151 1059 4495
0.4 0.7434 1206 5047 0.7431 1202 5031 0.7431 1199 5021 0.7426 11.99 4981 0.7402 1196 4679
0.5 0.7546  12.87 4877 0.7540 12.84 4860 0.7539 1282 4847 0.7538 12.82 4837 0.7537 1282 4831
0.6 0.8724 1370 8178 0.8724 1370 8178 0.8724 1370 8178 0.8724 1370 8178 0.8724 1370 8178
0.7 0.8934 1485 8462 0.8934 14.85 8462 0.8934 14.85 8462 0.8934 14.85 8462 0.8934 14.85 8462
5 1000 kV @it L AR ETE T EER 1
Table 5 Simulation results 1 of converter bus after a single-phase grounding fault in 1 000 kV AC grid
Fedth 1 2 3 4 5
FLJRH UHmin Ymin Prmin UHmin Ymin Prmin UHmin Ymin Prmin UHmin Ymin Prmin UHmin Ymin Prin
0.1 0.7241 0 1657 0.7241 0 2103 0.7244 0 2097  0.7244 0 2092 07246 0 2087
0.2 0.7430 0 2400 0.7415 0 2343 0.7418 0 2335 0.7419 0 2322 07417 0 2615
0.3 0.7670 0 2611  0.7449 0 3057  0.7455 0 3102 0.7458 0 3117 07458 0 3082
0.4 0.7710 0 2828 0.7710 0 2860 0.7648 807 3650 0.7663 12.86 3742 0.7674 1599 3797
0.5 0.7820 1510 4975 0.7870 16.34 5573 0.7864 1651 5579 0.7856 1643 5553 0.7848 1451 5598
0.6 0.8201 834 6354 08201 9.36 6365 0.8200 10.84 6381 0.8197 1234 6387 0.8194 1365 6387
0.7 0.8333 829 6600 0.8331 879 6601 0.8329 9.60 6606 0.8328 10.80 6618 0.8326 12.00 6628
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Table 6 Simulation results 2 of converter bus after a single-phase grounding fault in 1 000 kV AC grid

Heith 6 7 8 9 10

FLEH Uhmin =~ ymin Pmin Utmin Ymin Prmin UHmin Ymin Prmin UHmin Ymin Prmin UHmin Ymin Prmin
0.1 0.7247 0 2085 0.7250 0 2085 0.7246 0 2083 0.7261 0 2374  0.7262 0 2369
0.2 0.7416 0 2587 0.7417 0 2550 0.7424 0 2307 0.7422 0 2880 0.7418 0 2522
0.3 0.7573 8.76 3654 0.7569 7.9 3610 0.7532 2.39 3672 0.7536 0 3253 0.7538 0 3258
0.4 0.7682 16.59 3821 0.7685 16,55 3820 0.7687 16.54 3812 0.7689 16,50 3800 0.7661 16.12 3834
0.5 0.7796 1489 3919 0.7804 16.24 3941 0.7808 16.17 3945 0.7809 16.09 3941 0.7810 16.05 3934
0.6 0.8190 15.18 6384 0.8182 16.59 6378 0.8175 16.63 6364 0.8164 16,57 6345 0.8150 16.52 6318
0.7 0.8324 13.06 6634 0.8322 1412 6637 0.8318 15.38 6633 0.8314 16,52 6629 0.8309 17.03 6615
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