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Abstract: In order to improve the the domestic technology level of HVDC/UHVDC transmission protection and control
equipment, an autonomous and controllable domestic protection and control hardware platform is designed and developed.
This platform is based on the architecture and application functions of HVDC transmission protection and control
hardware platform, adopts domestic components and domestic embedded real-time operating system (RTOS), and
combines with high-speed serial backplane bus technology, high speed time division multiplexing communication (FTDM)
technology and graphical programming technology, possessing the capabilities of high-performance acquisition and
measurement, calculation and processing, control output and high-speed communication connection. The performance
indexes of the platform proposed are compared with that of foreign enterprises’ HVDC transmission protection and
control hardware platforms and the domestic existing platform. Digital dynamic simulation test verification and
engineering application from platform level, device level, and system level are further introduced. The results show that
the developed platform works stably and reliably, and can meet the requirements of engineering applications of
HVDC/UHVDC transmission.
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Fig. 1 Hardware platform architecture
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Fig. 4 Framework of processor module system composition

% MR
% R EAZ 0 I 2R

g\ s | [ s || aemm ][ ke |

fi
[ s |[ b |[ s | [wmioe]
POSIX#% 11
w Lo || g || ms || o |
A S
w || e || weewem || swmws |
e \Cwtemm | [evmie | eumm | [ apns |
“ SHRLIAER

| DMA || PHY || PCI/PCIE || SATA || I

B 5 SCEHRIERZEM

Fig. 5 Composition of real-time operating system

IR T R ) 2 B . AR LR, %
BTSSR G S AV BN, A B AT 5



HEEr, AF

— s IR B L OR A S P R 6 1 Dh REIE T S S B - 157 -

FF 2.5 GHz FiR RS2 A H. Fdbesn
FTDM. —#HH 7 HEKZECRESHAT/HIKLLIK
WS, HHEFRT IEC 61850-GOOSE [ sLi i@
5, IR R B S ORA ML ST MRS b
5 S R A an A s EAL B

Tk, T AL S REEE 1 T H AT B LA AR
R, I AT A T T SR SR B T e A
ey a2 v al bk A5 B SEBL S AR Tk, 7
ANFEIHREF I E . N mAE S BRI SE .
1.2 SEREREEESHZAFRIT

T AR R RS TR CPU Rtk 2 Ak CPU 5
PR R R A2 E SR PR G R . RN AF
M2 CPU i 5 KA 2 [a) SLal £ s =2 1) o0 i
FAR, FUASEI 2 A& B AR T w2 L = ] —
FENAE, WO WNAAER SR UM RS TR,
M FEAIC CPU 3R 1 RSV RE NI IR SRR
[ E PR A B s, RIS RS L R R 5
Ly AR ETD i

K 6 A6 I T [E 77 PCle 2.0 22 4its iy FlAf
YR FEER A FPGA W (14 /5038 47 15 B 28 (R B

- CPU 5 CPU [A]E Dl eAE L@ 22 v 158 4t
Hﬁﬁ;Lﬁﬁ%ﬁj L= A7 25 ] (R B 1
FARKH PCle 2.0 x1 lane #3%, TSZH 4 Gbps )
BRI EAL R . BN, A SRR S ) B
% PCle 3.0 ¢ 8wyt e s SHATH I K -

Dy QW b

POWER/SYSTEM MONITOR BUS

PClIe2.0

Switch 4 Gbps

16 x1

PW1 PW2

CPUFTDM  CPU IFC 1O ADC VBE PT/CT Ethernet

6 BIRBITHERDEMMAESR

Fig. 6 Framework of high-speed serial backplane bus composition

PCle [AZ#E — TR T st s AT IE LTy
X H RIS AR AL, 322 YR (%
PR MUR A%/ R A A B /2 R ) S B B 2 (R s P
el AR A BUR ) S R 20 4515 O, 3L
I RO RS AR R T3, SEELT 2
o (RN A% i, 3 Sty 98 i, JFIEIL RN
H 98 B A AL ORI 1 A0HiE )R] 5 A% A0 7 98
fic. [RIN B R A A2 LD RE, $de
BRSNS E . PCle X AHLEITT LARALR CPU
PP AR, VO BB, fil kb i & 2 [H]

AR A 5 A AR

LN PCle A2 #uhl Ko F iy s M bk 2% 18] 43 B 5
RN T, F45 A BRI LR DA i e &
PISERR TR, AP & 7EE P~ A A S8 it LSBT
T —Fh PCle A ML B Hovify bk 2% 8] 43 i 7 ¥, AT
SEILAR G A H LRI BN [FME PCle 22
WL T 22 A as k5 [ e AR, e T HArH
5L PCle AMEHIMEIE RIS —dmfE R ME. RGHH
BEHHET A S A AR B e g sk RS, 7 o
T PCle Switch 51Z 7k SEBL AL 88 R Gedh b
S AP S I

CPUALEEZS
| Mem Base < Ora0000000 | | HLSZATK b
' Mem Limit = 0xa7ffffff | (BUS0)
N
\ BUSI
\ |
I"Mem Base = 0xa2000000_; \ L I"Mem Base =0xa4000000 7
| Mem Limit = Oxa3fffff N N | Mem Limit =OxaSfffff |
_______ SRR I _______4________
\ I
—————————————— REAIPCIHF 0 jm—————b———————a
| Mem Base = 0)\a0000000 : | Mem Bas;é =0xa6000000 |
' Mem Limit = Oxal ffffff | : Mem Limit =0xa7ffffff |
______ F R BUS2 D
/ \ | / \
/ \ ! \
! \ ! \
i \ / \
FERLPCIFFL FEHLPCIMF2 JEPCIFF3 JEFLPCINF4
\ | { l
BUS3 BUS4 BUSS5 BUS6
\ | | L
i AR i AR
3 11 ity 11 Uity 1 Ui 11
3 [z BR BR
Ui pA It 1B 3 s.C Ui ;5D
; ;
| : ]
\ 4 i

——————————————————————

| I Bar0 = 0xa4000000 | :
| Barl = 0xa4e00000 ' i
|

|
I
|
| I Bar0 = 0xa0000000 | !
| Barl = 0xa0a00000 ‘ !

| BarO 0xa6000000 1
| Barl = 0xa6800000 '

& 7 £F PCle Switch HISLIEER R G HATMNE
Fig. 7 Topology structure of processor system
based on PCle Switch

WnlEl 8 pron, AR RGN s S
TR A3 A, T LA DR T REALL PCle M7 R 94
B (A R mi B M )5 B T ics ID &
W [, J9dh Mgt 1 T A 2o mi bR
T BeHb A a]), (A AR g ] DA H [ R bk S
PCle #h i i (T S #RAE, DR Al 540 B = B R
FPARHU i Bar b2 (] (AT, AT SIS A



- 158 - B R GARY 524

AL E AR Ak ([ e ANAR AT ARG AT 20 i) Bar
B B B s R E R AR, TR R SR A
PEIFfRI AL A o

PCle_Mem_Pre PCle_Mem_Post
f PCle_Mem_Adrs f A A
} Fixed_Space Fixed_Space ! Fixed_Space Fixed_Space
1 I 1 !

W et w G| e

WA Uit 1B S C UiAD

J ! | T | T

Required_Space } : Required_Space } Required_Space
v v v

PCle_Mem_Pre’ PCle_Mem_Post’ Mem_Limit

&l 8 shg itz 8] #9[E E 53 EC

Fig. 8 Fixed allocation of peripheral address space

ARIFHET PCle 2.0 22 #1855 FPGA N A7 Lo
FARB T 2 A A EE R AT IR ZR, A
A B ER 2EH , SEIN 2 32 AL ER 2R PRSI HAT TH B EE A,
fifp i R A AN SR R T ) R LAY
MRS AAR T RIEHENY B @, M
AR DL TR G R A& %, WhT2E
A FRERIIBEAIZAT 5 H I RA RIS, dhmde st
BRCRGRIEFIH R, HET RERGEHEN,
1.3 B51E FTDM R Zi&Ei% it

FTDM i /5 8 s 2 A H R FH R v 10 ) 44k
S, AR A SR 2 HIE(E FTDM 24 il
F AT S B, TSl — ki3
ERESIRESERMAMEB DI, REETERE FPGA
FLEG, SCRER URRER (M BE RS S Al 0 5 2210 RS T
[F22,  FH DA 2 Ed 5 i 4 R v S PEA h 75 2E

B EAL S P TDM 385 a2k 5k i
TR Y, AE %A 10 Mbps, HAEE
ik HAR RS, PhRR Hohrgn ), AP TE
7= FPGA 28 {tF 5 /B U1 FTDM A 4 A 5 = )
W SIBEEER, AR 2 (B EF NI )
R RHSCRE L, A&4mEZn]IA 2.5 Gbps. [F]
i, 0 9 o, FTDM SR FR ML S 0015 156
sty ek e, W3R A SRRy . N
IR E R T ERI R, JUE S RRIETIEBTE
BRI E, AT BRI DI E I E-9~-3 dBm
Z e, ek R BUE N ~-11 dBm.

1. 4 PURITH| 2 EARPIL T

PUg A LR 6 > IFC 2R I64f 42
[, AIEES 6 MM R EGR & 1T mUIR S &
B, AN 40 Mbps. HEHL N EEALE
TR FPGA I, SCIRp8E B0 il 0 5 IR 25 2 se )
fEish, $Rpt 75 AMEE LB £ S IFC Mgkt
AT I8 i AT AP E SR A e @ . BE Tl

RER I PUE IR SO AL, A RS S PR
SERES, BIWITRAE. ST Ak a4
S, BRI TR NS SR E SR LA
[EREE SNV R

PRI

TR EHL

A
FTDM FTDM
)Rt I
== 2.5 Gbps Q 5 Gbps % 1E4EM
m%%‘ o %M%‘ mw%“wm%‘lmmil

9 FTDM 2&HIMIP N RERA R
Fig. 9 Two application connection methods of FTDM bus

1.5 fill & BRoPIs /S AH) R R BRI

finh 2 ok gz A AR R e A g LR AT R EESR ) Y
MRk D Mrfil A ik v 2 0 22 B 15 4% (valve base
electronics, VBE) & 4t, F Tl ] 4 5k 18 1 H 17
P SRS G, AT IA B A% 10 B i 0 AR s |
o i R ok o (4077 A R fi e Bt 221 B SR A B L 4% vy
SIS P B B A B S AR R IR ki H e, Rk
FEHCRH T E P SoC+ FPGA 4 i L % 45 A 5 R
TERS YA % T RSB i & Bk i (5 5 0 oA 5
G ZE A S A 5

PR A% 12 Bt i ki i iE 5 12 % B4R ikl
JEIE, R 12 Bkshiii s, Hod ok Bk e A
s il ok v 5 FBE A 120° HLZ5 1 MIHz S50 18 1 1) koA
T, e i R Rk B 2 R AN P14 4E £0.02°
PAPY

B [ IV T4 i 1) 28 4 Bk 25 2 e ki
il RS ETThRE, RILE RIS FALHEAS, F AR
o i b S AT R VI TRk iR, R AT
WIS W R AR

SRS DM 6 BRIBHDE RIS 6 BROIR
B FEBOLAS S AR SR I ke ) LA i S5 A
Faliff (1 MHz/10 kHz B}, 5 MHz/50 kHz).
1.6 HEHEREBRR

CEDR S R e A S (SRS N
I EE FPGA & 5 2 =i ADC AU #2% ,
FESP Z I ARG SRR mFEP R
ERMPEB IS Ei%. RETR KR/
HLR AS L -10 V~+10 V HLUE TG Z MM 5
22 A1 8 U A 1 B R R S IR A IR AR A
%, FPGA FRE PR M B ML mE SRR L b
%% FTDM s 2 I i &AL B R 0L vk i
PR EEECN 24 B, ICKRFEZE 100 kHz, #%



— s IR B L OR A S P R 6 1 Dh REIE T S S B - 159 -

HAE L 16 bit, HHLEIRET A]/NT 10 ps. IREIRLE
TS HI /N AR5 A H A B SR I ], B MCRAE b
HEAR JA B R ZE, SRBE . JEN. AaE
H R ) B FTDM Jal R 15 %1 (1) (8] ZZ AN KT 50 s,
DN HE A P N+0.2%, 58 A A ELIR AR 5 45 ) DA
T e SR R TR

1.7 ZREETIRIER

F BRI, REN S Z, WA H
T4 i B PR P R R N R A A R, A
MR Thae e ik 40 580 EH a5k
JEEA 7 SRR R AR A, [R)B tHASR
255y 7 S A B LU R AR . R &
PRI X RN, EEXFPE BT AR, SRy
55K B U B S5 AT Ui L R AR AR

5 RAS R 77 AN, R B R AR
F 2 [ P i PR A 2-A T B 5 F 2SS B R kS 2%
KA A, BRI (RIEE R B m S
BRI R, T S B B K B R
SRAE TR H I A 2R R R [P B B B S Uk
B PRt i IR 5 AR R S M B 4 21
1.8 FFANE/FHEERER

FEN B 3 B T sl g AR R A5
WS ARALE . )AL E DL ARG o RS E
SN G RE. HBEESEHLAF SN DC 110V
5 DC220V #ifh, A8 EMuREE T, #
T 5] 2% 20 1 o 3 2 LI S 3 SR 11 55%~70% 40
SEEVERE, A GERFHEA 100 ps.

T AR R RE T sl B T 9 2850 A
RO, IRV G5 UL S BEREREE S
FE3 Je B o TR R ) FRL R 4k FL 28 Bh I (]
ZAE 4~6 ms 2 [7], X LA 2 IR 5 5 BT R D)3 2%
55 PRk e L, DR A T SR T —F
K L4k v 2%t 2 5 IGBT S 16 7 20 e 1
R AR, SRR 32 HI7E 2 ms LA . I
Gb, HEfh AR TR S IR
TF, AT LT g B ORISR T 0T o A AL
W ie J 2K .

1.9 B UHmIZESHRIPTIRESSI

e ot e v s L Y L DA S M 22 i i P AR A
IR R4 I R AN Thae & 2k 1 s
B, AIEL. BEWE S HET SRR, EER TR
NIRRT R TR SRR e 5T E AR
T A2 LY bn F A% G SR AR LR

VER—Fh BAG AT A w2 S T S ] AR 1%
TH TREMETFR R RS, AT 6B TE T
AUl 7wk, B&THEIHEH, M

IR E . BRI AR A fEZR B
W2 L TR B i Thae, BB
AR C B, TN R A A B g
WAPAT . BT SRS, AT PR sE
BRSNS AR R R 22 M H % ORI e
FEIF HIT RIFSCHRETh ey 2.

B 10 NFET ARG THRIF A — ik
AR INZE DRI D RE AR AL ORAP D RERE Fr s R & o
N2 FRE PP T 5 R BB A FH 2k D e R AT {5 5 0
2k, ] LUK 2 AN DO RE PR T FE R A KT fg
FITHHT R B SR, I A 3R S O o
FEFP Al Bk

0T\Y|

RE2\FO5_TFR (3)\DWR_8_00|

2\F05_TFR (3)\DWR_8_00)

10 HRLNERIPINRERIR

Fig. 10 Function module of small differential protection of

converter transformer

Fe AR /N2 ORI ] B 5 AT AR T 5% A A 1
0 By PR EL R < TR A X3, AR DR T Rl
TN 5 e IE  F o

ANFELRAP ) AR JEER RIS Ay PRAP AR IR AR L
MR B M I, BRI Bl %
MK A BB R e L 7 A 22 AE, P 22 (1T 4
ANEE o LR R A I A R I, SEBRIT 2 5 FR
AL, DRIE 2 BB BN 5 SR B
B E, 2 UGBS R EE N 0.15, 5 AR
i 5 2R EL Ak 9 0.35, B Ll iR 5 AR fR 3P R 5 .
Ry BA o R S B, R AE Rk
ERERI U E . HAME ZE B F AR s R O
T, ORYAT BRI B

BN IR AR G 2 T P A B A P e, LR
P E T OB A HT AR [ 8] L% i e DR Rk i
T, BENSPRIE N 2RI MR I At PRk [
5, S RYIERHSEE.



- 160 - B R GARY 524

R Z B E TR A (D) TR -
[op > chqd’ Ires g [reSO
I,> L +Kx (I, ~ 1), 1,>1

ey
i 1, NESHIR; 1y, NERIBNEE; 1N
IR 1 AEDHIBIEGR, BN ZES R
MBERR L ; KR, [ 0.5,
Z R s E TR Q) s
I (2)

P, Ly NEUERTEE.

1,5 1,53 RmAG). X@E@Fs.
Iop:|il+1'2+---+1k| 3)
I, =|i,-1]/2 (4)

X, 1,0, 1, 5 BN ZE SRS BT R 400 AL 3
AR S R TRV AR LAY M 4m AR N IE 7 1A

INERPFRFEWE 11 B, RIPZEWE 12
FR o

MEX

iv

|
|
|
0 1, I

B 11 NERPEE

Fig. 11 Characteristic of small differential protection

R ENIESE RN R B AT T i 2 fR I
S BIE SR A < ORIPENAT R B S RINT A Ok
RARIFAFA B

2 SEMNFEEARITEE

Xt LSS [ )R R B ORI B 9 A T
& RIS SR 6, REPFG1E
HERIFSHERR L, C e e brE bR etk
Bk g6, RERERE. @k, =l
FEVE e SEI PR S AT AL BT R AR SR L AR
R BORFEARA L AR 1 TR

AN B St 7 e S BORIR IR EL, - AT
i R 2 P AL R A1 B AR RBEBOR (191 B CPU 2
BRACRIER S S/ IME S5 W 5 A 55 VI e []) b 58 4
AMETFE AN ERE DR B BRI, T fEE

BPHERBA

T ————
- - |
[ zamris | & wEEsaE
| tmgamsthie |——
| mwanims |————o

S 1 ]

| mymEgrgA ———
L C e T —

& Z Wik
T e—
| mmkrel |——

12 NERIPIZEE

Fig. 12 Logic diagram of small differential protection

&1 BARIEFRITEE
Table 1 Comparison of technical indicators

[ 4k [ 41 SEE]

. o
felz e . E S E]
F4/GHz 1.3 24 1 2.6
TR e £ 4 2 EZE E2S EZ20
e /AMESS A /s 100 50 200 50
55 V)45 1) <7us <5us <20 us <5us
HRORKAER /kHz 10 20 6.4 100
W2 R +£0.2% £0.2% £0.2% +0.2%
A 1 Gbps/ 1 Gbps/ 100/ 1 Gbps/
100 Mbps 100 Mbps 10 Mbps 100 Mbps

FEAL e SCFF SCFF SCFF SCFF

GHES DR A B A R D RE 0 5 [ Ak
A AESIA . AN, AT G ER 2 S E AN AT
RIS I H a2 4x . 4%, IR8) 5
FORAN, FE A IR T 14 01, "B AR
EASE &7 T & A S T EE .

3 WIESKI

ONSSIEA P B s R E, Rrd i S
=I5 R B BEAT BT 6 2R R AR
BERHUARAES AR L oG, H, e
FE RN XL OFERATIRE. BAERE. 2A,
H RS 5 B B R I S ) 25 ). ORI 3 B R
IR B R B IR PRI DI RES T, RIS 20 M
e FRRLIRA S F AT RIS IE . R BAT )
G 2 K HE RTDS Sy Her 07 H20e B AL




W

'{‘1‘7\\1‘4’]7 /—{—J‘E

— s IR B L OR A S P R 6 1 Dh REIE T S S B - 161 -

LU LIt L ) R G SE BRI AT I & Mg AT L
AR AT IRETEREE 1%, DA EG D RE Bt IEAA M
57??”

TARBNAE

X ER S RE R, S TR 13 o
I#%?Am%w B R G ZRGEAMEF] SRR
DERER . il 4 5 1845 S5 Al N\ i T el
i, AT ARSI 5 Fh i s R AP D) e

R & e BUDEmL
A A A
£ £ £
m [s3) s3] l
A Y A4
P EN
m T = X Z T E T 2
O B = 8% NI\
=) ET & l% 3
S/ Rk
?
SR
A A A A A A
= <
A = E] ; -
we | | S EQ £ | 3 I
| } |
SR Ak e AR IR 1

B 13 KL ARG

Fig. 13 Composition of test system

DA 22 G0 P 1) 4 Bl 162 4% B0 98 ol i 2l 5
Ak BARSIRAL . FB R GRS AR
W fE & SR 2. A gk F AR IR
ACAT g H = AH FRL L RAS 5 FF S TEC60044-8 )&
FT3 #&NEAE, mligftmdr ANE. mEf =
B 5 GOOSE Wkl 11, B Ay 4y i s 18] [7) 25 %t
B 5. e HEE T4k LR IR OOTR F O
55 SR AN RS T AT A b, AT AR
T WAR A SRS S E R, [Fa i H
TR BB N VT 5 i 2 ok b g AT 5 B o
3.1.1 AR Re 5

FEARThRERIG - AT & BT B A HFE A TR
PERERIHATIRIGAI, 4L £ SR HATIZIT. AMP
Z &MLl FTDM 4085, LLKMIE S, IFC P

HIEH A LIEE . LEMSEERSE. 1IEC60044-8
P20, IEC 61850—GOOSE i#f5. IRASERA. IR
SEE . R KR FEPRTE, DL R
V. ERAARE. Bi2WS B ISR AT
3.1.2 WS AL H AE A6

WAL RE ) R E M EE Rz —, 2
WA MR IR B I EEATL, AEF &
26 B IR0 45 R e Ak BITE HAw,  HAARRIE s
W 2 frs.

=2 MESLERE

Table 2 Measurement and processing capabilities
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Table 3 Measurement accuracy of analog quantity
%
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Table 5 Y/D small protection test data
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Table 6 Pole bus differential protection test data

LRI R vE WEZDR RARA RERRE)
I B AmEE  0.05~2p.u. +5% 0.17%
I BB E  0.1~0.9 pu. £5% -0.17%
LbE R H 1~35A +5% -0.05%
T BCERSRS ] 0.01~10s <40 ms 1.7 ms
1T BAERT B 0.001~1's <40 ms 2.4 ms

3.3 RTDS #FiRiALE

RAPH TN N EHKFE RTDS W5
MR R B B R R ZRG AT
AU v i B A FE R A S bR is 4T H I A s AT T
HilgERAs, TR &AL TAREAT PR ThRE
I Th e 5 S M ah A& OV IER PRI T B

P16 NFEF+800 kV ELIftHiI L LFE RGuIhHh 45
¥5 RTDS. /O 3% E SR AT RGEE D)
2 8000 MW (1945 g A FELZS il R4 1 AR E R Gt
IEWFEAN 725 kV A TAFM, 185 525 kV &2
WA, 8% R G0 E P 6 0 R AR
P& 3T 7 R L SRR BRI E

ZAT BRI RGUEARR o B o A R R 4
W, NI N REEHE. BHES50%)ZE. T
] P SO PR P 1) 1 6 AL 1) PR 4 1) B 2% L T 43
HlZ, BRI Wi, Al MOR
P 5T SRR, RTDS F TR B — IR RS,
HEi B3 E (DC simulated substation device,
DCSIM)H T 58 BOx — IR I 56 15 4% B0 5 4% 1l



Vo ar, 55— B B L OR Y S s AR AT & (1 DD RERI 5T S - 163 -
e s BT BN 4 1 3 E (HVDC  simulated o200 WLMANA_
§ 4662.475
measurement interface device, HSMD)H T3 3% & e & o o
N 137 [V MAX/ N AN
JZ 10 U
£ 310750
1& . ! ! - = 1545025 /
7 Eosklocs “"" 137 IDCN/A —_————
;}, L I—\“ I— ‘27— PRSI LAN e[ it [ 23] LAN < o2
J; SCADALAN | | = 3103.750
| = sasons|
l T -13.7 I V. O L N
| | ‘ ‘
waiy] [main] | | [
[ =
1FC 1 —_—
| 135 350 2050 3750 5450 7150 8850 10550 12250 13950

GOOSE !

|
[ | | 1]
- 1 | BB
~Q Il T
iﬁy DCSIM T ‘ ‘ | 1EC60044-8
B ‘ ‘
o s

16 FFEEERMEEFIRIPFHERE RS
Fig. 16 Simulation test system for UHVDC transmission

control and protection

A B R T TR 30 ANTH BT
REPEREARLSS, WD TR ENL RSV, Jais/Th®R
TR B ESP i R AR R R HE . i
BT BRI . — IR ER % B 1 2 WAL R AP N R 285 X 2 56
Z IR H , 10 g SR 4 i R R

B 17—F 19 BoR T 3 FhiEhl S5 R 2505
48 I o, B 17 NTHR B 54 1E K4
JE C26 iU N a e, K 18 AThRIEXS C26 /N
THERTSARMIAR 1 1y ity 35 25 10 e M B 12, 161 19
RIS AR K Ty 28 47 77 2T W 1% I R) J 2% Ok
N 5%l [ 5 B WA ) I AR R AP B I, B RS
A, AR DCHE ) BR3P DhREBNE 5 e B35 IR TG 1R

4 #Eip

1oy LB/ e s T O A P A G R B R K
BOR, HIEseB Rz ORI R G 1 B8 i

797.800 24 —
664.835 -
531.868
398.901
265.934
132,967
e
1472.500
1227.067 A
981.633 ’ \
736.200 4
490.767 A\ E—
245333 J
ALPHA :

LAYV

AL/A

-0.10
160.00 — e
155,817 \ =
151.633 \
147.450 11
143.267 N
139.083 If
134.900

ACTIVE_GC
FPEN
DEBLOCK

FEEN°)

PLY
VDCL_ACT

-100 210 520 830 1140 1450 1760 2070 2380 2690 3000
I i) /ms

17 MEREXEFREREE C26 R\ TEahEF
Fig. 17 Start waveform of forward power, communication
and full-voltage C26 mode

15 [i)/ms.
18 IWRIEZES C26 NHFEXTHLRM 1 Sik
R BRI Hh A R
Fig. 18 Valve ground fault waveform of power forward and C26

low power mode on inverter side pole 1 high-end converter

Unca Uaco Unce
668898 —— .
442,865
216832 )
-9.201 { o
235234
461267
687.300
9183.900
6005.617
2827.334
350.040‘ —_— SN

HE/AV

TDP_D_IDIFFa TDP_D_IDIFFb TDP_D_IDIFFe

LA

3529.232
-6707.515
9885.798
TDP_D_TRTPI

~40.00 -26.88 -13.76 -0.64 12.48 25.60 38.72 51.84 64.96 78.08 91.2
I ] /ms.

19 WM 1%[E 813288 & & 73 5% (8138 B PRt Y
R ERIFR
Fig. 19 Converter protection waveform when 1% on grid side

develops into 5% inter turn short circuit fault

| A E A O IS S ARSI A R
BRI IE IR T ST A BT IR 4% 31
AT bR, e AT AR 7 SR IF X AR [ b o it 1
ARG 2 RMEE Tt WE A
B TR BB DhAEsEs . BORSeREAN T
R TIGE  RIE B R ST & . ACE
WP G 1E EEROR IR b b O 5 A br [ 4 se it e
HAHE R 6, Bmthge. mseme.
FEVE S A BT g FE SRS o BT I B BT
R e i EL VR DR AP 28 1) 28 8 B B T Bl AR — 1L 2R
+800 kV R e s EL i B A2 (D7 3% 5 1) H- 7 PR R
Hemt), ATYICIZER FPT L) PR ulia It
] BRI AE TSR e R LA BT AT A (150
R HEAT M 3 AR R AR B B , BB 1% DL R4
ASCRTET [P0 s RO ST
B, X T B BRI B R S R K
FL A 1) 2 A R s A 20T s A st AR Y



- 164 -

W) &Gk B

S5 3R

[1]

[7]

NI, SRILTK, JUUIN, . ST PRI 0 ik
AR e T LA R UL ) 2 42 1 SRR [0, v [ R
2022, 55(11): 66-72.

GUO Xiaolong, ZHANG Jiangfei, KANG Pengpeng, et al.
Virtual synchronization control strategy for uhvdc with
secondary frequency modulation based on PI control[J].
Electric Power, 2022, 55(11): 66-72.

Xy, EEE, T, % 2HMALERBRRS /D
TIARGEWTLRIRD]. K HBEHAR, 2023, 44(4): 565-575.
LIU Hongbo, YAN Yutong, WANG Xi, et al. A review of
small signal stability studies of multi-infeed AC-DC
hybrid system[J]. Power Generation Technology, 2023,
44(4): 565-575.

R, B, AN, & SR E R RS T
THELRRI]. ARG 5450, 2024 52(9): 174-187.
LI Kang, HUANG Meng, ZHA Xiaoming, et al. An
overview of reliability analysis methods for an HVDC
transmission system[J]. Power System Protection and
Control, 2024, 52(9): 174-187.

ok, T, MW, & ETZERR YRR S AL
B AL R B 7 B 0] R E 7, 2022, 55(11):
41-50.

TANG Wei, YU Su, ZHENG Tao, et al. A novel protection

scheme of AC and DC line-touching based on coordination

of AC and DC protection[J]. Electric Power, 2022, 55(11):

41-50.

Kaite, #RE, 2R AR E IR RS HL 2
A e 8 R M R 4 o SR T AL (D). F Y 5 9 T R
2018, 34(12): 20-25.

ZHU Yihua, GUO Qi, LI Wei. Research on security and
stability characteristics and control strategy of power grid
with VSC-HVDCJJ]. Power System and Clean Energy,
2018, 34(12): 20-25.

FER, TR, fRE, & T ARIRMES L
) 2 BRSO B B S ) o A A (] R g,
2023, 56(6): 40-50.

ZHUANG Jun, WANG Deshun, GAI Chenhao, et al.
Coordinative optimization of emergency control based on
constraint consensus and differential evolution in multi-DC
infeed power grid[J]. Electric Power, 2023, 56(6): 40-50.
FI, M0, Y, & B RGMER S Re
Pt T e P 5 RO FE T[], P 0 R e PRI 5 42,
2023, 51(6): 10-20.

WANG Zengping, LIN Yifeng, WANG Tong, et al.
Challenges and countermeasures to power system relay

protection and safety control[J]. Power System Protection

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

and Control, 2023, 51(6): 10-20.
B, sE. #E O TR E R R XU 3 b Rk B
W] BF5EL 2020, 39(6): 14-18.

LIAO Yong, YUAN Yuan. Risk

countermeasure of independent controllability of imported

analysis and

components[J]. Electronic Components and Materials,
2020, 39(6): 14-18.

BIER, RIFET B R AR EORE E P B R ERA ).
W48 25 [A] 22 4=, 2018, 9(8): 90-97.

HU Zhigiang. Review on domestic production based on
the self-controlled technology[J]. Cyberspace Security,
2018, 9(8): 90-97.

DR, kb, 4k, % ARG E EAEMN%E
SRR RE R[] B ILHEAR, 2023(12): 149-151.
TANG Chengjun, LI Hongchi, JI Ling, et al. Construction of
independent and trusted network security active defense
system for power system[J]. Electric Engineering, 2023(12):
149-151.

EFE, MR, X%, 5. %8 DCS JoasfhE7 L
BARIA R[], L HAC i@ K244k, 2019, 53T 1):
24-28.

WANG Shun, LIU Mingxing, LIU Bin, et al. Discussion
on localization of DCS components in nuclear power
plant[J]. Journal of Shanghai Jiaotong University, 2019,
53(S1): 24-28.

LRER, Mg, EAKF, S B F Ak ik B
RIFRGRIF SR I]. AR, 2022, 23(3): 50-56.
SHEN Tianjiao, ZHONG Hao, WANG Yongping, et al.
Design and development of autonomous and controllable
UHVDC control and protection system[J]. Electrical
Engineering, 2022, 23(3): 50-56.

fifh, EAb, MERRE, % BB ETRATRER
WP G HOR ). - RS R 545, 2022, 50(6):
135-140.

ZHONG Wei, WANG Zhong, TAO Baozhen, et al. Software
and hardware platform technology of an independent
controllable relay protection device[J]. Power System
Protection and Control, 2022, 50(6): 135-140.

KBS, ARTT, FERMS, 5. FT AMP #EXZ AL
PRI AT S T M T IE D] AR FROR, 2024,
47(12): 37-44.

LIU Weipeng, HAO Junfang, LI Yuepeng, et al. Method
of trusted node implementation based on AMP mode
multicore processor[J]. Modern Electronics Technique,
2024, 47(12): 37-44.

ZEFE. SylixOS KAUSEI#AE RS SE PR #r[)].
RSN RGN, 2021, 21(4): 14-17.

LI Xiaocheng. Real-time performance analysis of SylixOS



Shb e s

AT, S

R ELI (R R LR 8 SRR AL 5

- 165 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

large real-time operating system[J]. Microcontrollers &
Embedded Systems, 2021, 21(4): 14-17.

PN, SylixOS SCFFf % A A I REMER )], A ML
Hig NaRRGLR A, 2021, 21(6): 7-10.

LI Xiaocheng. Overview of SylixOS safety container[J].
Microcontrollers & Embedded Systems, 2021, 21(6):
7-10.

PClExpress® Base Specification. Revision 2.0. PCI-SIG,
December. 20, 2006

TR, XU, ZEERME, . —FhET R M A PCle
ZHHUILE BT R[], BT HARRBIH, 2023, 46(9):
103-108.

ZHANG Jian, LIU Weipeng, LI Yuepeng, et al. A PCle
switch address allocation scheme based on virtual
endpoints[J]. Application of Electronic Technique, 2023,
46(9): 103-108.

KA, ARERMG, XU, 4. 5T VxWorks ff) PCle %
AL RGN BCTHT]. B EOR, 2023(17): 173-175.
ZHANG lJian, LI Yuepeng, LIU Weipeng, et al. Driver
design for VxWorks-based PCle multiplexer system[J].
Electric Engineering, 2023(17): 173-175.

VR, 5, M, 55 TDM SLR7E Ik B f
FIRIHI]. B RGERY 5156, 2010, 38(23): 238-240.
JIANG Dabhai, YANG Min,

LI Baoxiang, et al

Application of TDM bus in HVDC power transmission[J].

Power System Protection and Control, 2010, 38(23):
238-240.
WO, REN, KIS, BB E ARG R R A A

TEEIRLEL 734 B AMAI[)]. B TREROAR, 2018, 37(5):

81-85.

CHANG Yong, SHEN Zhigang, ZHANG Peng. Analysis
on ferromagnetic resonance mechanism of voltage divider of
the converter transformer bushing and its suppression[J].
Electric Power Engineering Technology, 2018, 37(5): 81-85.
EEE, $ARK, T, & BT EJEARIRR HVDC LI
K 103 SURIEAE BH[T]. A TREER, 2020, 39(3):
192-199.

YUE Yafei, HU Han, YU Hai, et al. Design of Ethernet
103 dual network communication in HVDC based on
graphical programming[J]. Electric Power Engineering
Technology, 2020, 39(3): 192-199.

PEBS T e, BEARSMRIPEE B 26 ¥
Sy LI AER: GB/T 14598.26—2015[S]. Jb 5t
F b AR, 2016.

China Electrical Equipment Industry Association. Measuring

[23]

relays and protection equipment—part 26: electromagnetic
compatibility requirements: GB/T 14598.26—2015[S].
Beijing: Standards Press of China, 2016.

MaEn, SoNR, DR, . R EER R RGN
HRFIELT]. FMER, 2006, 30(22): 1-5.

TAO Yu, MA Weimin, MA Yulong, et al. Control
characteristics of UHVDC power transmission system[J].
Power System Technology, 2006, 30(22): 1-5.

B, AR, TKEFS, . ET IR E R ERE
R ARG e EEB S NAD]. BARGRTTS
4, 2020, 48(6): 180-187.

SU Jinguo, LI Tai, ZHANG Ailing, et al. Full-digital

simulation modeling and application for control and

[24]

[25]

protection system based on HVDC project platform[J].
Power System Protection and Control, 2020, 48(6): 180-187.

i HEA: 2024-05-31;
EE BN

BRAA1978—), B, Mit, HALEF, NEBLHZ
SR 35 B B AR T AAT R AR TAF; E-mail: guangianj@
dlwg.net

Bk (1972—), %, @f54%, AFH, SHRIALNF,
IEZELAM B2 R F & A F L T4, E-mail:
xjhvde fyg@163.com

X ERME (1980—), F, Ald, HRIART, NEHEL
AmBIEF Ry FERBESFFL .
liuweipeng_xjgc@163.com

&EIHER: 2024-08-16

E-mail:

(%m# K B



