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Study of harmonic instability criterion under DC magnetic bias in HVDC system
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(1. School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China;
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Abstract: For the harmonic instability problem in AC-DC interconnected transmission system, this paper deduces the criterion to
determine whether the DC system occurs core saturation harmonic instability. From HVDC harmonic instability mechanism and
considering the DC bias magnetic core saturation effects, the criterion makes use of the characteristic that positive sequence second
harmonic amplitude is higher than the other harmonic generated in DC magnetic bias of converter transformer, takes into account the
whole process that the second harmonic transfers between AC and DC systems back and forth through inverter overall. In the case
analysis, electromagnetic transient model is established and simulated by PSCAD/EMTDC, the result of electromagnetic transient
fault simulation is consistent with the result of frequency scanning method based on the new criterion, so the correctness and
applicability of engineering criteria is verified.
This work is supported by National Natural Science Foundation of China (No. 51037003).
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Fig. 1 Mechanism of harmonic instability caused by core

saturation
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Fig. 2 Switch function of 6-pulse inverter
fia 5 Ay FECHOR P S8 (e R ik A Bk o, oK%
BRSO K (2) 3o

B, = ZAncosna)t
n=1

o0

B, = ZA cos n(wt —2m/3) (2)
n=1

n

B, = Z:; A, cosn(wt +2m/3)

AN e AR RE, R TR T 2 R B
MFEIEA, WE 2 (@) Frs. ZEHAHERE, k.
HLR T oS s B TE I 2 (b))« B2 (o) Fiow,
FUAH B 8B A 1 A VSR 226 SCHR14]
2.2 XERAHIER

B T T S A SR I = RS Y
SO AR IR AR A, T AR AR e 1 B Ry 1)
IR, IR s AR (D

B B =HI0RR, HAASAEMTER & (2) #i
WAR AR S AR, PRAE=HIXFR; (3D il

RN PERN AR G S (R B A ik b P o+ AT
FR A L R



O, B R EUR RS E ML N AN E FHE TS - 141 -

u, =U,, cos(o,t+a,,)
u, =U,, cos(o,t+a,,) 3
u,=U_ cos(o t+a,,)
RHHXSFR I3 Tk PR s D 1 = A L
R AN (D, [R5 B AN B9, E&E@
UM AR 1 I, A AW 1E L o)
F DA R T 11 P A3 2 T U0 I P L P 23 A
33

3Un, A, cos[(a)m —w)t+a;} =—cos§>< U; cos[(a}m —w)t+a,ﬂ

2
PRIRE 1; A F %r i RAks TR

(1 R I P A s 28 LU 00 ) P s o

3U; 3B u .
5 A, cos[(a)m+a))t+am}=Tcosi><Umcos[(a)m+w)t+am}

B IBON 1. S48, WA A
i@wﬂxcongm, AR A KR

N 480 L A K VT DA EEL A o) 281 A2 e A ot
T, FHIEEHRER EESNENMES ik

iy =1y, cos(wyt +@y) (4)
R () AANTFRREGESGL (D il 13

BAZ S = A L 2B 3o X FEHEAT (8 B M e T
B 1 BT, WA
= \/gsmﬂldm[cosa +cos 8]
U
. Bsinu 2n 2n
= T Idm{cos[a —TJJFCOS(ﬁJFTﬂ (5
i, = \/gsmﬂldm{cos(a +2—nj+cos(ﬁ—2—nﬂ
T U 3 3

Hrh: o=(ogto)tteg f~(og5o)treg. HFL (5) A
S, BN A T it s o ) B RS )

AE UL LE i rR R AR o b1, U
HLU IR RSO L 1, W A AR, 48

jedBsing R R R

U

2.3 FNIAFNIE K AR EFIIBIES

FR 4 DA 6 480 i 48 A2/ LI 22 [) 3 3 A% 5 o
S T v < = I L 0 i = i £
AAZ AN T[] A0 () 4 I R IR R kSR A T A A
T,

t W2, LN P o o 1 i 2 A

N
\/_

I 0=

ac(n+l)

L0 6)

I (t)‘

ac(n-1)

dcn (t)|

ofte I7 () AR (DI

EN/TR 1_( " (1) M t B ZIAZ SN (1) IR U
Uit Laon(DA ¢ I ZVE M n OGEBE . WIF

B,
(

Ut 0] =2

ac(n+l)

dcn (t)|

ac(n+1)

P

Uac(n—l)( )‘ dcn( )| ac(n-1)

(1) A3 ¢ W ZIASHM (n+1) RIE A

NORRIL RS I(n—1) %A
T L 5 Z:C ) j:lﬁczm/\éﬂﬂﬂ(nﬂ)ﬁ\IEf?L“
PP Z_ . ﬁxolu/\éﬁfﬂﬂ(n—l)ﬂjf?i%?ﬂi

FHBT. ﬁ%ﬁ&/}m??ﬁmﬁﬁl SO PR R ML R
P IS 2 AT I R G AR BH T

TR, it AR B = A2 1R U o
FEERy, R R T AR O, SEAE
WM ELHEXR AP, I AE 1 Pron g
AIERE, IR OB AR AL, T R
G KA E ) AE . I S
HIE AR O S ANE D B AR A DG . B
FEAR AR, TF RIS S B F
LEAEN k HAES BRSPS, 8177 —x Kk
o SCHR[SIH R R SCES G OUT & HARAE D
T 10, T RRTRERE, At B A )
U PR B AR TR R AR I A FR A )
FIARRI 22, BRE &k BON 1o AT — YR L s 2

A UYL
ks U

%

AL RN
! iy O7F oo (’)‘
ac(o)(r)\ il dcl(r)|=(l+k)£1dcl<r)| (8)
R
ac(2)()‘ ‘] a2)|
(kN3
T (2)

APk AR IR S B E R LA



142 -

& 0% EP DA

Ly () Jy 2 18 T FLRR BN G A T ¢ B %0 f —
YW By LoD AN ¢ B0 P B 350
Use)() A ¢ I 2 — UK B0 R0

At IS ZIJE, UGB AT S i o] L,

=l
33 (9
|Udcl(t + At)| = T‘Uac(Z) (Z‘)‘ =
LB o)z
T T ac(2)

N Uger(t+A0) A3 (A0 N 2 AT SN — k5 ro s
AL A BN ARSI BOR R . A

Vs8] _saiy Mo Ol
|ch1| m’ |ch1|
e Zger KT AT 25 10 Il 000 0 45 25 P FE AT
WBHT: Lo (e A DR A DL Uger(t+ A 07
AR IR AR BRSO B . kI 1 ISR )

RREEFAMHILTEAL, K (100 A7AE

(100

I, (t+ At)| =

ARG

|ch1

|Idcl(t+At)|=71r—§x (1)

I, Lae(FA) R IR (A I Z) EL FLI L I SEAI IR
W E . Bl

|14, (+ AD)| _18 2

ac(2)

- (12)
Ly (t)| T |ch1|
I, (t+At , N
dcl

BATEI G ] e P LAVP A 5[] B g
HLRGER AT ANRRE 0 T RE A A2

o s (13)

ac(2) _E‘chl 20

. N + 1'[2 NN
R y 5, 8y =2, |- TelZaa| . T

FEAIIE A PR BT LUK PR R 25 W Dy R
2 LR R A FUE S 18

3 HpA

3.1 BEAE ZSHEBI R L

Burton1994 “F4& H 5 38 s (1) L BB T
BRI A8, S.Chen X} Burton [ BEIT T 24
PECOL, B BN R SO R R, g
fis 2 AR AR SO s F AR R, WO ST S R AR

HAEA, W 3 . WARENSESHS K
1, AU AR B AEESY 100 KV, BN ER L s
9100 kV, g i SUOR M Cigre 5 HLAE
il o

E 3 AR ERRE
Fig. 3 Model containing only the DC rectifier
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Table 1 Parameter setting of examples

24 1 2 il 3 A5 4
RI/Q 30 30 30 50
R2/Q 301.2 301.2 301.2 501.2
R3/Q 1 1 1 1
Cl/uF 1200 1200 1200 1200
C2/uF 397.49 397.49 397.49 397.49
C3/uF 22.066 22.066 22.066 22.066
L1/mH 6.347 6.347 6.347 6.347
L2/mH 400 600 700 600
L3/mH 918 918 918 918
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Table 2 Assessment and comparison of harmonic instability

risk caused by core saturation of 4 examples
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