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Research and application of HYDC monitoring and a fault diagnosis master station system
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Abstract: At present, the existing fault information management master station or secondary equipment for on-line
monitoring and analysis in China only has the ability to monitor and analyze the operation of AC secondary equipment
(protection and wave recording device). It does not have the ability to monitor and diagnose the secondary equipment of
HVDC. Therefore, a set of monitoring and fault diagnosis master station systems for HVDC secondary equipment is
designed and developed. The software and hardware structure of the system, modeling of HVDC secondary equipment
and implementation scheme of the main function modules are introduced in detail. Field operation shows that the master
station system can quickly and accurately determine the DC protection action and DC fault in the case of faults and
abnormal operation in the operation of a DC transmission system, and timely push the relevant fault information to the
superior dispatching center.
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Fig. 1 Hardware structure diagram
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Fig. 4 Data flow between master and substation
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equipment monitoring
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Fig. 6 DC secondary equipment monitoring-real time data
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Fig. 7 DC secondary equipment monitoring-real

time operation status
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Fig. 8 Logic diagram of DC fault diagnosis and analysis

PR L HiRSES S “ERARSG” R
AT

IR 2. X HEIER SER 5 5 HHTE B35,
WU H ORI D RE

PR 3. %) SER 15 Tt TN [A] SR 4E .

IR 4 Ak IE 4T 7 RS AT, AR
HET, 1SR L i X R e 24 55

WIR5: ZRG . REGEhES

IR 6: LUXHHR TS I ThE, THE IR K.

IR T: AT ERSREOC, RO E R,
TR B R R P R R 2518, e s B .

FEHL, X T RIRD R 3 Frie I ReE, 2845
B SRR S BPFELLT SER UAEE A B, M
CrRMEREL BRI | B R R DTG, F
i RRMEL R IR ik, BT
—B SER 5 5 M ERES T

BAARERITR:

“IfE EHL RS S B4 HH4E

2019-05-16 14:54:31.197 SIP1PPR1 A K% &bt
LEFNRY | BAhfE

2019-05-16 14:54:31.200 S1P1PCP1 B &= bkt
LB | B BhE

2019-05-16 14:54:31.200 SIP1PCP1 B & =H 1%
RS Z FI8 On

2019-05-16 14:54:31.200 S1PIPCP1 B %4 =H—i%¥
B R B3k REGZ TS a4 On

2019-05-16 14:54:31.200 SIP1PCP1 B Z& =H 1%



Fargh, %

ey s B AL B2 W ol R G R S - 139 -

AR R B 2SI T AR 2

2019-05-16 14:54:31.200 S1PIPCP1 B %4 =H( ¥
BRI R B R B 2

2019-05-16 14:54:40.829 S1PIPCP1 A IE¥% HEHiiimJ)
7 P1.WP.Q17(11017)

2019-05-16 14:54:40.853 S1PIPCP1 B IE#% Hiiimitk
(1

2019-05-16 14:54:40.853 S1P1PCP1 A IE# Himik
(G2

3) EL MR B R A

LR MR AR T A E R R R R SR A% 0 T e
R, /\/Jlﬁilgﬁﬂlggﬁﬁﬂ% FEUPBRWT .,

2 e e L L I R
BARA 5

e e LR R R T AR I»

Sl e B A S AR, M) A R
fl i 0[] B g IJN{H

!

1A 4 L JM JL.H AR DA MRt KR, Wik
UIRPS L ST ok H KA

)w i, R ‘

[ 4 e 5 TE R PR
EL AL P AR 2 i":lﬂ 1*‘\_‘

nl’.;., h

‘ i L P L A v 3R R ‘

E 9 E/IILESIFE*E ?E.SZIE/IIJ:EE@
Fig. 9 Flow chart of DC fault report sorting

55 1PN P 5 AR (BF 2.1 715 R4 4
R, ANEEER)
Fe ST L FhL AR P AR 1 R S ORI
%,EN%W%@Eﬁﬁ%%%ﬁ%ﬁﬁﬁ%o
DRRNN R KA ESEL, HiEH &
%FE%%“%%”H PR 2 T 5 I 1]
Bzt R Ry E T, BN IRYE 7 b ikl
LRIMES h Bb i (oG A5 2, R R AR
Eo%g, B B3, 5% Bl fli. 2%
Wzl LR E SRS CRE BRI, B
Wz JE TS E R R B T B LRI 5 515 8, #
BPUIR 4 JFIaHER, SR RIS S AR R
S, R [P B 2 kAR B e b A
LRGSR S B R R ST 5% B T i A2

(DA ERE

HE—20Hh, Dyl B ST U CP IR DRSS
(PR 2) 2 A AL BRI 75 AR ST B S R0 ST
e 10 frR), DA s RoR g 5 ik
BEZZZNRYT | B BE” afl, s K0 st
FRITRE “ R YERF ZE BN R, BARI A e 2
W
(1) 1558 & MNP name 555
(2) M grp N “BR”, FlENE;
(3) 15 5 a5 MU with 354y, I NE
(3) é| without 7'j , R,

» HENHE;

" wi thout=""/>

i wi thout=""/>

i 5nm§,§ FEb
Telay="100HE]
e

A,
b i hﬂu
“ apﬂﬁ“ﬂﬁm éwiﬁmm@

25/ ™
ﬁgggg
m 'ﬁElﬁl P .er-
Tl ﬁ%ﬁ% R o R vithose” s
[E 10 BRGNS S fi
Fig. 10 Mapping rule file instance

5 4 W RARIEZE ORI T R K ORIE S 10
WA AR, Tt kL ORI B E TR RO PRI R
WL 3 o, — Rk ORI BN STl Al RE 2 X v 2%
ANERLORYE S, HAR RIS Stk a4 97 B
RIRRTE, PRI AR B A AT LAk L LR 5 S iR S gk
HLERI B TT A TR R R

55 5 D RAR YK B ORI BT ST A A e TR B
HL AR G X 3] AR R &R, AR i iR
H AR ORI EIE T ORI, R =R E
Tt R AR X 3

55 6 AP RO (Y B A R T AR A
i, PLAR R E A I AT 7 ST R A B
WA G AR FEIR AR AT A = Ik B R gtiadr Ui e
f e e I ELU L R SRR, AR
EE%%%&%@@@&@WEE%%%Lﬁﬁﬁ

AT HEILEIR 3 5 1 AIER
ﬁ%%:@ﬁ%ﬁ%x%ﬁ,ﬁﬁﬁ3ﬁﬁ%ﬁ,

i 34 HH 4k FEL ORI B A 0 A R OR3P SR B Ay ) A % R
s W3R LR, R PR L PR i (X ek R 4
TR X . AR BRI R 1) = R B R ST
KR TV ABRAF S, W FO R T D = % R
REN: COL—CL7 FFRIIME, Wb )a Xt N FF
Fed 5% N APIRAS A C01—CO08 4. C09—C17



- 140 - CEEE R R

Widt. HR¥ER 2 XN RAR, W& E R R
GEIEAT T RN S UM, s e s AT T AN
BT 112 XUH s DBt 7 ) N A LG WX
ORI A R X3 R RTIE AT SO R 5
M W5 5 12 AT 77 O 172 XA

4) B T

A SCAE R SR BE A BT R N 2T IR SR B SO
fiswave FFIEAl_ L 3T OE T, 2 REFER L RE
BRI S RN N ThRE, £ R B 5
APV R

(1) P B R ThAE ARl i T i) 56 & L Hdis
Aab TR RN B Ak BRI ) B 4 S 50

(2) HARTF A5, B e Ml %),

(3) KA AL B =50, o 5 AR ThREAH R AL
B A UL B R DGR 7 7 91 5645 1B o
3 RHEMKZEBITHHT

RARGTERITRSG, 16 NI = IR o %
PR P B HEAT T 25 R IR, A58
WET 14 DNERL IS SEZEG] . 8 N Cim kit ifm S
il 16 AN ). 9 MR IX i), 6 A4
UMK X #5055 S AT 7 A BRI A b 2 4] o
PLE 6 KBEBIZEEN LA, AR
R LI A 2 W AR e 0 Ak 11 e 2 1) 7 G T
I, AT DAAERRAS I AN R A oK 2 E PR AT RE 2 R AR
BB . BRI S R, i E
T VR TR WA 2 W AR A e 4T 5 VSR VR A 1 A
T

/RIS EN = I = U R B2 o = I
B T EH RN 2 24800 KV 4% 5 5 ELIR 4
B RE, fHA “PHRLZRIE” BOBrREIR IS TS5
2 PPU 08 R X 55 T P ) B Y S B i . 2019 4
PAETFAAHIZ R G0 B BT 4 I 5B F2kikia
17, AT FEBIT BT, WRNIZRSGE
22 0] DAYE BLU A R R Geis AT R b & A s AN IE
WIBATIEOUR, PR AR IR LR S T Al
MRS

IFEKEIR RSB, R HEEHE
MR, VRN R i 11 R, FERE
IS N 2R LR R TE] . AR . AR RT S s AT
Jras AT U EE EE B AR DL R s B OO B (RS 5 5%
ERREREW | RSB, BRI ER
BRI 12 frs. @i Al B <,
AT AP A ) 2R O s 4T 7 . s EE S
il X 4 RN A SR, [ R I T DA 1) B e i

I, B 13 Pros N E TR SR BN DAL AR
FlfE. B 14 Fros NERZ R E R R 'R E
{5 B H N 22 ORI 5 (A1 L 2 G Pl s £
PEAEE .

LRSI UL

BUHUR BER
i

HEXRHEES
L3 E g e e
AR HRARIE Y 1

M RO

R G- SR BE

B 11 ERSPERESITER
Fig. 11 Operation effect of DC fault report

I L 2019.00.27 1701203909201 - 20000meiOW 1) I R 2015.09-27 1701203900201 [-20000m N1 ) RL000m

B 12 ERFRHRTIER
Fig. 12 Display effect of DC recording files

ARRERESHE

SH R, HRRCEF BRI U, RO, AT BRS¢ A

& 13 BERRiFiZiEE
Fig. 13 DC protection logic diagram



ey s B AL B2 W ol R G R S

- 141 -

HORN
BT H

( Rl eI e
RS Y XXE/S2PIPPRL/ R RE R RS SfF /8 3]
REe
e sEff
R0
Bl
AR TR RS
s aw # R #id
fi 0.4 e
156
HHARKA R B
i R # R g
; 0 \
1000
HRARHEA R R4

b ] Ed “ R g

14 ERSEEFNZIRIPEE
Fig. 14 Setting value of DC fault time protection

4 HEE

ARICVEAIAN AR T v s B AN b 12 3
RGP AN . B IR @ 2N E s
U, e T ER BRI, BERREZE. |
AL AR T R R B DA R BRI O T R A
D ReABH it S R B o e i e S4B ABE SO0 DA K
WL s AT B R, ZRGECE A LIER
T R R T AR P R AR SR A A IR B AT
T, PR AR SRR B AR I R BRI
BRI, JF SN SR AF Bk 4y B R
O, BRI T BRI IR LS i R
G AN L0 e L UL AR 12 W T R ) ) e
HIR, RRGICAFAE AR ZAL, W BHEAN
W 9C LI PR3 BB R B2 T AR RN oo T B 2R
bR R R EOR, B S EIX S EOR A FAE N
JE SR E U CAE T DAERE, i i BRE BaE P
7635 ELTL ORI 15 B AR AL A%

SR

(1] AR, W18, SCOIRET, 2. & EERMERSATR
M REAS I 7 vL ], T 7R B8, 2020, 33(5): 97-104.
ZHENG Ruina, HU Zhongshan, WEN Zhaoxin, et al. AC
fault detection method for HVDC system[J]. Guangdong
Electric Power, 2020, 33(5): 97-104.

(2] ##kilE, RN, RIS KRS B B M
RTDS tRis 759 0]. L H 3k ¥4, 2019, 39(9):
192-198.

YANG Linchao, YING Chaonan, XU Zheng, et al. Rapid

RTDS modeling method of large-scale AC/DC hybrid

power grid[J]. Electric Power Automation Equipment,

2019, 39(9): 192-198.

(3] MmWiE. mEBER A TEEARM]. dbxt: HEES

[4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

Hi R AL, 2004: 11-19.

ZERE, I, A4, 5. 3 MRS ERFIH RSN
ACTHBRRF PR L D). H 0 B34k, 2019, 39(9):
228-234.

LI Xiaodong, XU Zheng, HU Siquan, et al. Comparison
of AC fault characteristics amnong three types of hybrid
HVDC system[J]. Electric Power Automation Equipment,
2019, 39(9): 228-234.

WL, HRR, KT, % FMEERTBBRL[M]. 2
iR, b5 U Tk R, 2016.

R, i, B, . [FIENR]E T B e
% BN b W B AR A R IBAIT ST 3] T AR LD,
2019, 31(11): 86-95.

MA Yanjun, LI Haifeng, WANG Gang, et al. Study on
communtation failure caused by single-pole-to-ground
fault on double-circuit HVDC transmission lines of the
same tower[J]. Guangdong Electric Power, 2019, 31(11):
86-95.

R, Tk, kT, % LCC-MMC RE R E
T LR G Sz R e A ) 7 D). Tk, 2018,
39(7): 115-122.

XU Zheng, WANG Shijia, ZHANG Zheren, et al. Inverter
station connection modes and control strategies of
LCC-MMC hybrid HVDC systems[J]. Electric Power
Construction, 2018, 39(7): 115-122.

LI Bin, HE Jiawei, LI Ye, et al. A review of the protection
for the multi-terminal VSC-HVDC grid[J]. Protection
and Control of Modern Power Systems, 2019, 4(3):
239-249. DOI: 10.1186/s41601-019-0136-2.

KB, PVERER. LU H R AR A AN P A PR S
Mr B Z AR B0 7 D). BT RFRYE B,
2020, 49(2): 47-56.

CHU Xu, SUN lJinchen. Analysis of single-pole fault
unbalanced current and improvement of a differential
protection scheme for HVDC transmission lines[J].
Power System Protection and Control, 2020, 49(2): 47-56.
TREME, s, FoE, S IR TR B B
HEAAR RN DT I T[], O R GR Y S,
2020, 48(5): 33-41.

ZHANG Guohui, JING Liuming, WANG Bin, et al.
Study on HVDC consecutive commutation failures
mitigation method caused by harmonics[J]. Power System
Protection and Control, 2020, 48(5): 33-41.

KRR, REKHn, % ATl VDCOL I 2 A Bl
ARG LLAGAH RN K E ). B RGP
5, 2020, 48(13): 63-72.

ZHANG Weichen, XIONG Yongxin, et al. Continuous
commutation failure suppression and coordinated recovery



- 142 -

CEEE R R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

of multi-infeed DC system based on improved VDCOL[J].
Power System Protection and Control, 2020, 48(13): 63-72.
R, RS, FHOiE, . BRI PR T %
it RA GRS R EITED]. B RGP S5,
2021, 49(1): 1-8.

LI Xinyue, LI Fengting, YIN Chunya, et al. Transient
overvoltage calculation method of HVDC sending-end
system under DC bipolar blocking[J]. Power System
Protection and Control, 2021, 49(1): 1-8.

Mrdz, (ESE, £, & ETHRRES S Mk
RE B RGBT L] B RG RS
241, 2020, 48(19): 119-127.

CHEN Lei, HE Huiwen, WANG Lei, et al. Fault isolation
method of a hybrid HVDC system based on the coordination
of a fault current limiter and a DC circuit breaker[J]. Power
System Protection and Control, 2020, 48(19): 119-127.
8, HyR, ki, & B — ALk SR R

BT S9BI]. LI AL TR, 2014, 33(4):

8-12.

QI Zhong, DU Jun, ZHANG Haining, et al. Design and
implementation of the new generation of relay protection
and fault information management station[J]. Jiangsu
Electrical Engineering, 2014, 33(4): 8-12.

F7, ZATE, X, &GN BRIk FL RGP I
b5 R RGHUE[I]. HMECR, 2011, 35(8): 12-17
WANG Ning, LI Yanjun, LIU Wei, et al. Renovation of
protective relaying fault information system adaptable to

smart dispatch[J]. Power System Technology, 2011, 35(8):

12-17.

TR, FEARSE, W EUR, 5. G RIR AR R B I 4kt IR A
WS S RGN AT AN AR, 2016, 17(5):
91-95.

ZHANG Yi, NAN Dongliang, CHANG Xigiang, et al.
Development of realization of advanced application
function for protective relaying fault information system
adaptable to smart dispatch[J]. Electrical Engineering,
2016, 17(5): 91-95.

TRAESE, /W], EM, S dEHRIPFELEAL S AT

REMThREIRTH 592k [J]. BN, 2015, 3414 2):

469-474.

ZHANG Huanian, ZHENG Shaoming, WANG Fan, et al.
Improvement and application of online monitoring and
analysis system for relay protection[J]. Electrotechical
Application, 2015, 34(S2): 469-474.

EheRE, ZMEE, TR, & g RS
ARG 5] MR, 2004, 28(18): 16-19

HAN Xiaoping, LI Baiguo, WANG Su, et al. Design and
realization of relay protection and fault information
system[J]. Power System Technology, 2004, 28(18): 16-19.
ERRE, B, HEEEH, & BT RE RGN R
PRSI RERIT RGN B RG R 5%
il, 2014, 42(8): 134-139.

WANG Yuegiang, LIAO Huaxing, YUAN Xiaoging, et al.

Development and application of relay protection

condition evaluation system based of fault information

processing system[J]. Power System Protection and Control,

2014, 42(8): 134-139.

MR, Eolb~F, R, 5. BMEEEE R G RT

b o> A 5 AW [J]. B R 4T E ik, 2011, 35(19):

97-100.

CHEN Chun, WANG Yeping, CUI Yimin, et al. Fault

information analysis and judgement of power grid fault

information system[J]. Automation of Electric Power

Systems, 2011, 35(19): 97-100.

o, Bk, REIRRL RS R RGN HEAR M.

Abst: H R A g Rk, 2006.

TS, HREA. ORI 103 BUZTE B RITA RS &

B AN R BT T AR AE ) TR A ]

1 ZGe 4 S, 2010, 38(19): 195-198.

WANG Ruixue, LIN Qiyou. Engineering application of

Ethernet 103 protocol in Heilongjiang PRFIS main system

and Qigihaer power plant subsystem[J]. Power System

Protection and Control, 2010, 38(19): 195-198.

[23] MUNIAPPAN M. A comprehensive review of DC fault
protection methods in HVDC transmission systems[J].
Protection and Control of Modern Power Systems, 2021,
6(1): 1-20. DOI: 1186/s41601-020-0173-9.

[19]

[20]

(21]

(22]

IFSHER: 2020-08-11;
fEEE -

I (1974—), B, AT, HARFEAL A
#F4L; E-mail: liding.wang@sf-auto.com

JERA (1982—), B, @f34kk, HRIAF, FHRLH
W7 8 sk R 5 B 4 32 ; E-mail: zhangingcai@
sf-auto.com

KIER(1961—), B, HBRBAHRIALNR/ X+ ETHE
JT, NERERP R E L AN REQTEARTUARKE T
257 B #9 B % 2, E-mail: zhangdn@ncpe.com.cn

(h#E 5 A

1&E H#A: 2021-03-09



