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Fig.1 Schematic diagrams of saturated DC
magnetic bias of converter transformer
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Fig.2 Mechanism of harmonic instability
due to core saturation
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Fig.3 Process of harmonic transfer in parallel
double-circuit HVDC transmission system

TE ¢ B 20 3R D DA TR B 1 AR o 3 58 g &R
e, 400 Ac 5 TE e+ Ar BF 2T D D SE I A A2 e ]
ELUR RIS 1 DA I A B 2 M LA 1Sk 2Rt — ik
i s TR 283 Ae Ja 76 ¢+ 2Ac 20 LR % 1 AN
BRI 2 A RS I A% 2 B 5 N AR G FNR I 4
i — WAL B B 2L, P20t A 5 TE o+ 3A: B Z 52
T TR R TR 2 3 4 U A A% 2o B IR R I 1 RN L
T 2 M, W 3 FTR FAR Y o+ 3A B2
SR 1 Lk B 2 O P T I OO R A i) D T 2
SRR I 5 T R R A I I R

BRI ¢ B2 BRI 1 rh A0 Uf S AR it
HLTR A Loy (¢) , LB SR BE % ARG 28 (1) B i
W LT A% 336 2 38 N R 56 2R | BRI A8 R 2 B
it B R | AR 15 AR R A% BT P A A KR I I
Gy AR AR R 2% B LR 2 LR &, BT DAAE i —
YOS LR A i ] AR R N

‘I;la(t) ‘ =k |I.0(1) ‘ +73 Lo (2) ‘:
o

(1) V3

Id('l(l)(t)‘

[:(zz(t) ‘ . ‘ZZOZ
(1+k)V3
T

(4)

‘ UZ(:Z(t) ‘ =

[dtl(l)(t)‘ : ‘ZZ(Q



%18

TR, XU AT 0o S R ) 5 ®

FOP Uo(0) ¢ 20V 605 2 U 08 B I, 2,
S S TE F U L 520 0 5 78 46 1
R U I L
LR (2) , 76 ¢+ Ae B 2208 B 0
o LR 1A
Idnl(])(t+At) ‘ = M:
‘chl(l)‘
9(1+k) .

T2

OIS
Z(l(:l(l)‘ <5>
Hob Lo e+ At) NTE ¢+ Ar BF 20 B ZR B 1 8000
W HL L (R AR A ET— A TR E WAL 1,5
*/I\(l){%%‘:z%}fﬁi%ﬁ);zdclm hE LR 1 B FE
WP BHBUAE 5 Ly ) (0) IWILG ¢ B 20 ELUR AR 1 P Y
FEATS U L
(] | T 2 DA T A0 00 ) 38 O i 2 LA
Lio) (t+At) ‘: ‘ UM‘IZ(H_‘AI) ‘ =
de2(1)
9(1+k) . L (0) | - ‘ZZJ‘ 6)
m ‘chzm‘

A Loy (t+A0) FAE ¢+ Ae B} 20 B K 2 v 3L 40
WS A 3 Zaa) H BRI 2 B FESIE B BHPT(E

T8 t+2A0 W2 SN N LR R 3% 1 A 2 38
328 2 v 1 Dy 5| W e 0 5 S S = I 15 1 9l [
4 FEL A (ELAS [ (B (EL AR AR ), SR Ak B s 3
7, A Bk 2 R A0 b AR [R) AL AR i H 6 I AR

2, . +
IZ(:Q(t+2At)‘=9V 3 (1+k) ﬂ];iul(l)(t)‘ ‘Zat‘z %
1 1
+ 7
‘ Z(‘c](l) Zdr2(]) ( )
1 1
+ =
‘ Zd(:](l) Zd(‘z(l)
Hlicos(—g01)+licos(—go2)r+
‘Zdrl(l)‘ ‘chzm‘
e sin(-en) + A —sin(-g2) || (8
+————sin(—¢,) + ——sin(—¢ } ]
‘Zdul(l)‘ l ‘chzm‘ ’ 8)

Horb o @, 20BN ELRLER I 1.2 BLGTAIL  Z o)
Zoq, 000N ELIRER S 1.2 BOFEBUR BERH DTS B AE

TE t+3A¢ I % | 8 D\ S 30 M0 A% 326 1) BT L 2K
1, I3 O LU A

2, ol 7zr |2
MMHMn=m“”Qf%”)“ZX
del (1)
1 1
N 9
chm) Zd<‘2<1> ( )

RVl 7 o 4 I DL 3K (9) BIME /T 109
Jit AAE e 2% 8 frg ™ A A D0 B k=109 2 1+ 3A
I 221 F9 FEL VA A ¢ B 2 B9 RO 2 LR T AR T LI D

’%ﬁ?ﬂaLﬁ%%w%mﬁﬁ%@Ewm
den t

K, RZGEATE , KA AR A7 B 4 B IR
o i TR HN N
324- | 72,2 ,‘ N
| Zaay | Zivoy Zaao
R Ry R B O SF Al T, SRR I 0 AT 5B T R SR, T
RIS T VA 8 SR 300 o 0 e 38 5 LR A A

3 BHISH

1994 4 Burton "3 e 48 T B B I 2 19 B
FEMERL 1996 4F |S. Chen!"SXHZ MR MEAT T itk | 45
L) R S YRR TR R VR 3 S R A ek & A
TR 1 LA AR, AR SCHRAE S, Chen BCHEREARY
K H PSCAD/EMTDC % 57 X [B] 347 it £k I R 42
1) PR B A AT AN B 4 TR

R R S

-1=0 (10)

B4 SER[HNOERLEKER

Fig.4 Model of double-circuit HVDC transmission
lines , containing rectifier
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Table 1 Parameter settings of transformer
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Table 2 Parameter settings for study cases

2 HE P Bl

Bl A2 Rl Rb2
R/ 30 30 Ci/pF 0066  20.066
R,/ Q) 530 530 Li/mH  6.347 6.347
Ry/Q 1 1 Ly/mH 500 500
R/ Q 1 1 Ls/mH 918 918
C/pF 1400 1400 Ls/mH 500 500
C/pF 39749 39749 || Ly/mH 1018 1018
Cy/pF 22066  22.066
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Fig.5 Impedance-frequency curves of Case 1
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Table 3 Results of harmonic instability risk assessment

for double-circuit HVDC transmission lines
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Fig.6 Results of time-domain simulation for Case 1
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Fig.7 Results of time-domain simulation for Case 2
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Table 4 Four expressions of harmonic instability

criterion for double-circuit HVDC
transmission lines
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Table 5 Parameter settings for study cases
BEl R/Q  R/Q  R/Q  R/Q C/pF C/pF  Cy/uF Cy/pF  Ly/mH  Ly/mH  Ly/mH Ly/mH  Ls/mH
1 100 1030 1 1 1600 39749 22066 0066 6347 500 918 500 1018
2 30 530 1 1 1400 39749 22066 0066 6347 500 918 500 1018
3 30 530 1 1 1400 39749 22066 20066 6347 500 918 500 1018
4 100 1030 1 1 1400 39749 22066 20.066 6347 500 918 500 1018
5 100 1030 1 1 1400 39749 22066 10066 6347 500 918 500 1018
6 100 1030 1 1 1400 39749 22066 40066 6347 500 918 500 1018
7 100 1030 1 1 1400 39749 22066 20066 6347 500 818 500 1018
8 30 530 1 1 1400 39749 22066 20066 6347 500 618 500 1018
9 30 530 1 1 1400 39749 22066 20066 6347 500 718 500 1018
10 30 530 1 1 1400 39749 22066 20066 6347 500 818 500 1018
11 30 530 1 1 1400 39749 22066 0066 6347 500 818 500 1018
12 30 530 1 1 1200 39749 22066  0.066 6347 500 818 500 1018
13 30 530 1 1 1400 39749 22066 0066 6347 800 918 500 1018
14 30 530 1 1 1400 39749 22066 0066 6347 600 918 500 1018
15 30 530 1 1 1400 39749 22066 0066 6347 400 918 500 1018
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Table 6 Comparison of judgment among four criterions

FHE P H B R UCHL I /%
1 30 5 83.3
2 30 12 60.0
3 30 11 63.3
4 30 10 66.7
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Study and improvement of harmonic instability criterion for
parallel double-circuit HVDC transmission lines
DING Yuanyuan',LIU Tianqi',ZHOU Shengjun®,QIAO Guangyao®,LI Xingyuan', WANG Wenhui'
(1. School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China;

2. State Grid Smart Grid Research Institute,Beijing 102211, China)
Abstract: Since modern power grid is usually a large-scale AC/DC hybrid system,a series of problems
such as harmonic stability may occur when DC system is connected to a weak AC system. An improved
engineering criterion based on the existing harmonic instability criterion for the parallel double-circuit
HVDC transmission lines is proposed,to which the DC magnetic bias of converter transformer and the
impedance vector difference between two DC circuits are introduced. The comparison of judgment among the
proposed and existing criterions verifies the correctness and practicability of the proposed criterion.
Key words: HVDC power transmission; harmonic instability; engineering criterion; parallel double-circuit

lines; switching function



