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ABSTRACT: The dynamic equivalent calculation of the
existing line commutated converter based HVDC
(LCC-HVDC) transmission system depends on the
synchronous real-time measurement of the voltage at the
sending and receiving ends, and it is impossible to realize the
single-end transient equivalent calculation of the transmission
system through LCC-HVDC. Based on the dynamic phasor
equivalent calculation framework of the DC system, the paper
proposes an equivalent calculation scheme of the DC
transmission system through LCC-HVDC based on the
single-terminal AC voltage information of the inverter side
only, demonstrates the feasibility of the hybrid equivalent
calculation framework of the quasi-steady state model of the
rectifier side and the dynamic phasor model of the inverter
side, solves the key problems such as accurate identification of
commutation failure, as well as compares and analyzes the
multi-scenario faults through simulation. It is proved that the
proposed calculation framework can achieve accurate real-time
calculation of the response of LCC-HVDC transmission system
under the large transient disturbance of AC line fault at the
receiving end when the information of the AC system at the
sending end is missing.

KEY WORDS: HVDC transmission; dynamic phasor;
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THEE : BUA H P A 3t 28 2 = F B9 i (line commutated
converter based HVDC, LCC-HVDC)#ii H R S sh AL 1T
MR T 328 32 iy B[R] D SR &0, JGHESEIZ: LCC-HVDC
FHREHARAN YT SSETHE R YETEHRASRDS
AHE S T AR S, $2 HH SO T 3 A 0 A 22 3 PR AR RV )
£ LCC- HVDC Hjitfii ik th RA M E I HE T %, RIEE

EEWH: HEXAARRAIEEETH (52077116); HK A RAH
AR50 H (5100-202199511A-0-5-ZN) .

Project Supported by National Natural Science Foundation of China
(52077116); Science and Technology Project of State Grid Corporation of
China (5100-202199511A-0-5-ZN).

R e e 2 R TR+ 0 AR ) 0 25 A A B ) VR A S E T AR
DR AT ATV, AR R S T AR T ) ) A S e ] R, A7 LT B
SN T L3R, UE I TR H TN SRR R AT T R B
&R BRI T, AE SEELSZ I RS I 2 M T B A KR T
2 LCC-HVDC %y HLi% HY 22 G0 M) Jo7 1) AR Affy SRR 155
KA mEEWHE; ISR P i
0 3l

L P e AH R A8 B R B 0 FR (line
commutated converter based HYDC, LCC-HVDC)%&
THAE KA B SO SRR ) H IR R, —CHIR
TR IR K FEL DX P B B 2H BT 70 o 52 3 A VR BRI X L
FIURERE 2 51 R 4 AH SR M EL &2 BV PRt S R B s 1
(] B L A P P A 20 1 4 ) SRSt B R T8 T EL
TN 52 i A AL 6 P R S FELURURR 4, RS2 e A G
Hr gk iR 9 AR, 2O H U] KA B S
PERSL, R e SRS R G “ IR
[f1%22 LCC-HVDC H.iftik th RGN SFumaAE, Wa)
P 1) F3 BT AR SE R Ak L DR A ) Bl AR R X
B RGIESHA R0 2) SEINFE 2R PEAG
HERSE AN 3) WA <y fE Bl
I P B R PR B R DA A

EE X AR B 75 3R, LCC-HVDC i i & 4 3 %
BUR 4 MEREAR: 1) RS RFEH
TR, TEME R TEPKED, EHTH
LR E A, 2) RESHEAL R
Uit A 3 0 A A &5 R AR 4K B A EL R ATD SR D A M 1)
R, JEId 22 0y T RRARE Sy T R SR R B e L R
QBRI 3) RS TP (E AT
AR, THEN R RER, & T/ M4



5442 I £ =< 1 R B = 3

544 %

WIRUH RS BT 3 MRt T A TR R
iok e BT ) RO I R A i R, e DA S Z i A8 K
B N4 LCC-HVDC i HLIA HY 28 58 2 M L 1 PR
HRESREG 4) ZSHERS. & —MBREES
RS B A AR 2R, AN Dy 3 A FH A A %6 40
B, HA AN THERS RS v RO R AR A
T SR B RTORG B 350 T R S R A HE AR SR
w2 e B ek 5] E Ok Bh A A Bk I8 H #
LCC-HVDC #eifi s g, (AE R T MR G
TH S EMBERASNER S &, EXRARRKE
ARSI T+ R 220K s SCHR[2] 8 37 7% R 6
AR R 25 Sh A AH AR AL, 52 H R I OC R 4L
i A LA IR (DL R AR I 3k ) R B A i sh 540
A T SR A R (LA TR ARIUEIE) B T BT
WA T AR A LR R G RAR B, BRI Tt
AL P [ s DRAIE T A 2 UL e A0 A4S el ) 1
HORERE, HTERA S BRSSO A T
BORZEROR s SCHR[A13E L 2% IR B AR R (1) 3t 28 30 S
FHEAREAL, 42T+ 7l M RS RE,  [RIFER I
Wk, BRIK TR, (EAKIRIE A 45 Sk T
KRB AT Rk A X, B T B35
wEREN A . RN HHETH LCC-HVDC hAAHE A
351 0 i S A AR (LA R AR U SR A Y ), 7R
T 0 R R g ) ) 8 A N S8 L L S SRR, X
SR AR AR A B A R s HAN A B R,
SEHMERZE . R, IS A T B S
BISHE TR, WA H IR A RSN,
27 HAE H s R A5 S MR SR (3 B R o
Al LA AL T3S MR IE R4 LCC-HVDC i Hii%
HH ZR G0 1 P S (AR R (LA AT R P 55 (AR Y ) L
A E BN TSR

EEat FiR TSR, ASCHE T FE AR R A A 2%
TR A M S AS A AR, B 1 sh A HH B Iy
HO G R ) A AT 08 TS M s X, (R %
TR B [F I CRUE 7 VF ARG B i % iR R g L
BRI ALY, 4 Bk = 1k a2 IS B NI
BRMERR SR EORS . SCl4 LCC-HVDC
IR Y RGP SR RS IR S, RIS UE A Ak .

1 FEEEASREATHESH

1.1 FEEBEREAREXR
DL 1 B 1) =0l [X 28 A6 2R | R PR A8 ELIAL TR
BRI PN B, SERr M AR, S RA 2

it 37 50t R AN SR TSR SR, R, i
FEAR Y T B RS SRR RG AT S E IS

S EEHRRR.

1 ZBHEX ZEEFRBEWHINREE
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Line commutated converter based HVDC (LCC-
HVDC) is an important component of the AC/DC
hybrid power grid, which plays an important role in
delivering large capacity point to point power. The fault
at the near zone of the receiving end AC bus can easily
lead to commutation failure and even HVDC converter
station locking. At the same time, the nonlinear control
strategy of LCC-HVDC transmission directly
determines the short-circuit current characteristics of
the HVDC fed into the receiving end AC line, and
affects the relevant relay protection operations,
showing obvious AC/DC coupling characteristics. If the
single end equivdent of the LCC-HVDC DC
transmission system similar to the "Thevenin
equivalent" in the AC system can be calculated, the
followings can be achieved: 1) The impact analysis of
the action characteristics of the inverter side AC relay
protection on the continuous commutation failure of the
HVDC system; 2) Real-time online evaluation of the
rationality of HVDC control and protection parameters;
3) Risk assessment of HVDC transmission blocking
under the prediction of AC voltage on the inverter side.

The dynamic equivalent calculation of the existing
LCC-HVDC transmission system depends on the
synchronous real-time measurement of the voltage at
the sending and receiving ends, and it is impossible to
realize the single-end transient equivalent calculation of
the transmission system through LCC-HVDC. Based on
the dynamic phasor equivalent calculation framework
of the DC system, the paper proposes an equivalent
calculation scheme of the DC transmission system
through LCC-HVDC based on the single-terminal AC
voltage information of the inverter side only,
demonstrates the feasibility of the hybrid equivalent
calculation framework of the quasi-steady state model
of the rectifier side and the dynamic phasor model of
the inverter side, and solves the key problems such as
accurate identification of commutation failure.

The single ended equivalent model in this paper

S1

adopts the equivalent scheme of "quasi steady state
model on the rectifier side + dynamic phasor model on
the inverter side", as shown in Fig. 1, where Z is the

equivalent impedance of the DC line.
Sending Receiving

—> Upi
Ipi —>_i - Ui

SPTISpTINTS

Fig. 1 Singleterminal equivalent scheme of

power transmission system via LCC-HVDC
Through the multi-scenario faults simulations, it is
proved that the proposed calculation framework can
achieve accurate real-time calculation of the response
of LCC-HVDC transmission system under the large
transient disturbance of AC line fault at the receiving
end when the information of the AC system at the
sending end is missing. Simulation results in shown in

Fig. 2.
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Fig. 2 Simulation results



