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Abstract: In order to better understand the research status in the field of HVDC interference in buried pipelines by numerical simulation

technology, the research results of HVDC interference in buried pipelines at home and abroad were summarized. The method of calculation of

numerical simulation technology was introduced, the calculation principles of two numerical simulation and calculation softwares, CDEGS and

Beasy, were analyzed, and their advantages and disadvantages were compared. In addition, the application status of numerical simulation tech-

nology in the study of HVDC interference in buried pipelines was summarized. On this basic, the current problems in numerical simulation

technology were pointed out, and the future calculation direction of numerical simulation technique used for HVDC interference in buried pipe-

lines was prospected, which would provide reference and inspiration for relevant researchers and engineers.
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evaluation under HVDC interference

FLFLASE, X I 1 T R T 5 % ik L b oy 28 L 1) - 0.85 ~
-1.20 V(vs CSE) HL{ #E N ; CDEGS %& T Ha 4 T8 it
SR A TR AR AL, R R AR,
HERL 2R, 8 SR B bRl 35 V H3fili &, T
HEXF 2 R P BB AR i A T A 2

Beasy 1 HL A 1Y 11530 T R E T 11 58 0 vk oK fi
PR AR 1207 RE A T AR AR B F 5 A LAY
L S I A AR, Rz M TSR R B AR DR 4
FGE LA RN LA BE Y A A, AR AR R LR
FEEE LT AL ¢ BYEE L BUE B8 1Y Ha AL 43 A
FEH TR

V. a(a’ 6(;!)] + 8[0_ ad)j + a[a’ ad)j =0
ox\  Ox ay\ Ody 0z 0z

b=, =0, - M Ko, 24y =0
I S0 (g - $) =0
FI;%ZO

on
b, — b, =4,
AP, VORI R A (0 v o X, b SRy oR i IX 38k 9 25
AEBIHLAL 2y 2 RS [ AR AR s 1 Ayl Ll O B A AR )
HUARIBT L 5, &, A i B/ AR A H Az, A, Sl %l
B/ 042 B AROR P, fige o v A, BV S0 5 T 0 %) B A B A v
L, J, ol B EAR 2 T B A FRL VR BE , o, Al L AR
AT FL AR T ) RS R T Dl B ISFIA AR Y R e S A A
&, BIBARHLAL, o, Sy T8 B Fl it B A PR 52385 T, K
RN T Ad,,,. FFMIINHL IR

N TSR LRI RE 5 4 58 HER & BN 1 5 R AE

F56% - H64 - 202356 A IE

TEHAL B E T S AR A LR 3 28,

()5 AL ¢ &, BRI ¢ =, , #KXA Dirichlet
T BFRER 1 RS

(2) A B HGEE J 2, B J=J,, %K Neu-
man 1 FE 55 BOPRES 2 S AR

(3)AF ERHIEE J SHA 6 RBCRTE
HLBD J=£(p) B d=F(J) , WP REE 3 S %A
TR RGERUL, 55 3 KRR 2 28R
A A5 B IR % B T S AL o Bl 2 AR 2t p
USRS SN

TEBAD AR AP 2 S8 B BE B AU b AR AT BT AR PR &
GERRE R T FRAAE AT 53 S B ARG A A | PR 3R
AR 0 R S A (32 B R A G50 A A FX Bk 32
B o TEm R T, FEORIE 3 2550
FEERA BISE A | H AR A Ak A S B F i I Y A A
S AIEG EIEER A I R A P

5 Beasy AN[A] i) 42, CDEGS £ {E AR #0011 8 4 1k =&
T E: (Method of Moments, MoM ) #4727 v =5
Ty FRLE SR A | 388 o e N7 8 R L I 4 b A 5 T AR N
B A AT RIS 1 SR, AT R R o A
DN Yo b SN B =D S S E 17 7/ W {8 i R |
MultiFields #CPF43 H1 ) HIFREQ A5HR, B0 HL il Ay oL %
Yy AT R R S R W o A . OB TR
G35 o3 A /e 22 pe i 5 T Re

V.D:pe()
oB
VX E=-—
Jat
V-B=0
VxH=] +aD
U0
> = S Inzds:a =] V2 B [ aD =]
A, po A2 H HE T R T, IEEE(JIL%IE,EIE

PRI B, TE MR 22 5a =5 Oy R A A ik, W] AR
TR T O Rt Ty R AL ME— i, 7E 2 Fh
A B A T RE E e SRS
Foo AN AR A 3 AR %A

(1) R B i E s F60F e e 21 m]
(D S e O VA 7 S 1 s it < S ol £ 0 S
n+ (B, - B, =0,8#4 B,, = B,, , ALK

H - dl =1, 3z 25 o] DIAS 2 3758 B ) 19) 43

B2

ML S

nx(H,-H)= O’E‘Z%Hﬂ =H,

(2) HLfg A I B AR S A B Ain

o=



176 Vol.56 No.6 Jun. 2023

B A LTI BT 52 v (g S ) 2 1
nx (D, =D,)=0,83 D,, =D,

B - di = 0 EFIEIILIEE 1 S T s

Y] o3 i S i 55
nx(E,-E)=0®&%E,=E,

(3) SR LR — e SRR S
A H R R T ORI s B 3L, W] DA B R A RS
KAWL I FAH

nx(D,-D,) = O,ﬁ%‘ D,, - D,y =0,

X o RS B0 [ A T 0
FEAL R T R G AT B A AL 3 O 2 Ak
TTBUETHR, B 215 3z HAR R 561 22 s i 55 07
FEAVBUE

FRAE DA _E 2 R i AR TR, X F B A 2R
LA R R W 4 R S R A A7 i R LR
FHEHFHE R E AT 35 V, 1R CDEGS" ™ Hi 4 3k
frtfeiit, DN B4l kR B 8235, &
(EBEd =0 S i 7/ 10 7 Y VA 2 N (S = T N E K A
AJ5AN T FE AR PR AP HED  WT 2R FH Beasy 314 T8 i 15
T, DAPRUFAS T8 A7 25 e 0 T 40 o 45 3 A7 6 A2 s oA
BOR N TR A I B B AR, T e
E B E A7 i R B T B A R A A O, 2 s Ry
AT DA T P - 1A

2 Bl BB S TR AL T YU A5 B 1Y
WETEAR

o R BT YRR, T AR e AN o, % A wf
1o AR EE B A W A BT 4 S 000 A AL R 5 TR
b S T - G [ S = N1 IS = D A SIS I e 7 B
PR EA R T BT, — SR R FH 7 B
A - S R BE R b R R ik 28 4 B R B B A
P REHEA T IE
2.1 PR T

X — 1 - e B ARG , e b AR B AT,
FL Y 6 T L T 4 b A S5 3 BR AR SR T ) AN R AT, K
MR R R AR BRER T 1A A0 FL i 25 B 145
HARAED S SR, T 8 B2 30 N, TR T R U
MR A TR X 4 PR XA 2 R
i 7 N (51 DO = 16 = N =R I 7 R X B
R I TR S B AR ey B 32 R B TR R,
R HL i B AR GE AT, VAR R A T
P IEAEL A 304 VU 1T b A M X 2% 1 A b 11 T A

Mateviats Protlection

R THACH 6.9 V., 38 A S IE 2B . 38 AR [R] Hy
DX 2 b 1) - 98 40 22 485 4 0 = 8 L B ROR ] [R]—
VRS R B e PR i 22 0 T
I, P S s - R () R O, — SE ST R
D5 BT T AN ] - 39 20 058 vp s R EL IR T PR
A ARIE ) AR S PR A T RN b 2 B AT
HoE WF 5T 25 SR R BA X T34 — 1) S5 1, 3 b A ik 53l
g HHEHBH A 50 Qm 13 500 Qm B35 44
ZFWARREERIN T 50 f5, HIREE it CDEGS
D5 BN, 45 T U2 ) - g A, TEie A )2 R
F T2 A H B SR I M4 B A I R —
RO ARSI R, AR Wikt T2 LR, +
BeriAan & 2, 3R)2 TR B ARG, 4 100 Q - m, JBRE
90.1~9.0 km; IEJZ R PHAR S, 1000 Q - m; fE
SRR T T AR IR R 100 Q - m (K2
JERETCSTK) A1 000 Q - m( FJZEE R 0)2 i T8
AT RN, 1580 R )Z R 5 R KA
HLA DG R AN 3, B 25 SFE I T8 r 2 Tk th %2
IR 22 39 e B R AL [ e, RO 02 - 5454, &
JEHIEREE/NT 0.15 km B B2 T F L HIR)Z
THeE | M RZE B HERERT 9.0 km B, Bz TR
B R Z B R

100 Q + m i
———S
R+

Bl 2 kP RUZ ek

Fig. 2 Horizontal bilayer soil structure

[37]

180

150 1

BRIV
2 g B

W
(=}
T

.-
e —,

20 2 4+ s s
FJE LR km
3 R SRR AR

Fig. 3 Diagram of the relationship between surface soil

) ]
Fg5K

thickness and maximum tube ground potential*”’



Rt 5.4

X TSR T 7, 2 R R A G R e
BH AN AR ], Jeg 350 1) - 498 el BHL 23R e 25 5 i 45 1 1)
PRERE M, SE e 0 S 5 EO TR R T R
A ] 0 114 - 4 L L 258 24 2 5 i b 1 R AT AT 5
SEUTAB T T e Hb A RV S BRI 170 J) 350 - 19 e BH S 06F
EER TR, IR LATG L AR 2 A SR+ e
o R L R AR T AT T R I, e RS TG
WA R T | 45 5 B ) - 9 e BHRAIG, 45
TR /N R, 25 1, 45 i B S A B v R
ELUATETE W T HERE R, B, 76 R 5 AR X A T
2 e R LU T HE T5000 5 VAl b, 5 2 o 0 A 5 2 b i
(18 = 5853 J2 45 #0038 0 T RO [R] 119 - S el BHL R
FEHe T2 R B - eS8 A8 8 (i FLATRY h ME R A B, DL DR IE
TEAE A MERf M IR, SR 1 S 8 e BHL SR A 4
SR AEATHRAIE | B S $E A I 3T 1) A ] £ 9 435 44 1)
A B R R R R BE A | R B B
AR e W DB A , I O LA DU 45 SR A 7%
DA - b PPAN AN [] A 96 2R 58 X6 1L 4t 4 i 457 18 T A7 155
HE R /W05 AL I
2.2 kN e b

X TR = T LU L R G, A B A 2
S d LA RO ARAE I T KU 19 D7 vk . Xtk CSA
7662 0il and Gas Pipeline System” " 3§ i 7E— & ) +
BEAES , BRI AT X 70 km SR T 72 LR THE
FE 147k DL/T 437 “ 5 16 LR B il £ R &
D" i 2 A il 58 T T A 2% A ik X PR B S
ARSI 7R TR ZE Mo A1k 10 km 38 Bl P9 D U] B S 17 A 2
G JRATIE A TE AT R B 1 6 R o G, 2 R RE kit
TE 7 XoF 3z b e Fh, U XoF 30 A A 7 A 1 Sk SR R R
Wi (R B AT VEAG oAb, DL/T 52241 gl i | fE
ARk 8 Hp X6 T B8 1 A B AR Bk Ty R R A TR
/NTF 10 km 18 B P4 b S5 285 460 9 2 [ B 97 U B AS /s
F 50 km I B P9 b F 42 AE 2 S TR, H bl
DL, 22 A 5 4 T A B T 2 R ) - 5T AT
TR AR, AR B AT WIS A - g e
SEFUI R R I T PR B A 5 Ll SR I A B
SR R P AR B AR/, 5 e Pl A A B A T R g 1Y)
FLRZEB0/IN, B LA/, BRI, %37 A B I i P T
T, S 1o TR U 22 M 5 7 4 99 e BHL R A IR X
SRR 8 TR, BR itk =z Ah, A B 58 3 Sk
BEASTALEE AR A 52 12 Mo b 25 TS B0 N B2 210 5%
m W TR AR, WECES A S E e
FE+35 V NBRIE, 0B T B R A X 4

F56% + F64 - 2023561 Iﬂ

HEES R, 45 R A LR B 2 T H B
AL T TR, RN R R ek,
T 158 A5 148 A 3 5 BB A DA S PR A T 5 R A )
BT, S B M TR T T,
3PE RZEIE LM N 18 km,FBE IR)24 18 % 45
R 9 km, 1M - 58 pH {E X2 Mg TR, LL T
SO BRI A B 7 )23 T BEL 3 R b A
ik JE LA - 398 e B 2 S i 1) g PR ELIRE TR R A Y
GAPRE HNEPR TRRA, &R ER T
122 4 I B OF N Re— A ABR MERL 2 R FRE T8, LLE
IR AN ST TR0 S I w7 W 4R L <A B
Hi DX A T T 2 TR R R, S A B S R 1)
WA 2 W E 0 5 L VA Hb X457 R A B2 Ak ik 10
km JEFEN, HTHEAINT 35V, BRI, SR A 5L
AR DARFFEAE 8 T PORE B S R A 2 A B A A8 b R
R R (HRXFA— T e b A T8 5 T
BRI AL T , A8 T B0 XU 14 5 3555 A 2 4 O R
F3E PR B A R — 2D T R SRR ST
2.3 THBiP i

T X e L 9T 427 M A 1) T, 7R R O A
Dy LR R B Bt BT, B 7 R T 0 A Ak
LS R A P SEE st I DNE R 1 ek £ 38 s W
Wl FHRRRE , A 0 BRI, T A M
XA TE R VE A4 22 3 M A B ST X 42, A8 i
55124 e B T E S K 860 m, L T HE 50 A BYARSE
HFHL A 1 000,2 000,3 000,4 000,5 000 A i & H,
TR, TR 5 AR M KRR, g
1 A OV BIF ST T ORURIE | B2 R R 4 b A T
JETEA LI | 1 2 S BOR 4 H AR R IR A RS L T
ELAR A T PR A (H 20 T 52 fr T8, Ak 5 K
PR B A TE AR LU, Bl nT SR R R T T Y
MR, BRAh, TR R L B T, B P9 A i T A
A R0 2 fift 05 S8 FVBR o 5 48 1 ATl 32 R T (AR
P IS GB 509912014 “ B H 4 4144 18 B T
PRy E AR AR e 7 e B BB AR | 43 B4 2% A HE
TP RIS AR AR R A T 32 4 22 b
FHHEAT T IFEAFGT, 48 T 53 B b 25 R4 = B A £
P R AR 2 S TN & B i
3BT S5 B E T 0 B4 2 nT KA B X N
BEZ B B T, 1H R R X A 2 3 T
PRI, BSR4 B 400 25 (1% 2 ff 45 it vT B e 7 i
M — 5 AT, A IR 5E 3 R A AT
SR 2 i ) HE SR R L HE AL B B B R G s 9 R e



178 Vol.56 No.6 Jun. 2023

AETRR F Beasy SR BV RARAEMEAT T T
PErPAl S5 B b, o i R ARG e J 301, Te ik
RIUHOR BT B SR i, A A T I 10 AR B
i RN 3 JAR iR HE sl v 9 A e PR I TR B A
LR X TR MO HEVR , 35 2 70 48 b 67 28 v O o
G B HAR AR K A8 3 R 7 5 B E A R A T
M AR I T KT A e it B 58 T HE 122
[ETHER G BT Wl A v R R A I 2 378 N T ER |
N1 km 1S km B RSN B0 21 %H1 5 %, X HE
AR Y T e R MR S 0% R L 4
B 1,5,10,15 km P8R, 158 T80 B, SRy R
REKIZEIE P R B e R B I 1 A PR A T R 1Y)
A, PR 55 1 2 0] e 35 o ) S 35 E LU
ReEAIR At 1 A P 23 s B TR, I ey 545
) VA, AR TR 3%, SR, % T4 38 7 [
IR R LR T 0 A, T8 S 58 ol k37 ok 3 2 bk 37
R I AR N T AR B K, T E AR TG B T
A7 F 20, T LA E B4 5 o 2 A T, 3 2 0 (A 400 4
ARIEFTHE AT, [ B 75 B2 45 B3 S B it T 2% 1
W HoA R AT OB Bror 21 BeAbh, T A
PR HERACR 6T B A 26, BN TE I s 42 il 40
V183 it T FTZE U 6 T 1) 22 B 38 e FRL VR A4, 1 SR
BEASOGHAE T 118 LS R BF AR B e 900 2% B 04 7 T, AR
it NS 5 47 5 i i I A T 7 D L 9 2 T 0 AR AL
B, LSS IR BT A A S M 20 F i e s HE
T LSRN T 037, n] DAAEAEA 7 B 203 R
P HETE B0, X b A S A A2 4 7 30 ) 5 R ALY
PO FTREAT AOHER B, A0 HERUAUR

3 B BRI V)it gLty )8 S5 i 5
Jilil

BEXTLA 20 A , RS BB AR UL B A AT DA AT 15 T
ELR T PEH -5 DA , (EJ2 A SRR E K B (E A U
PRGN 7 SN T B, R UL, TR 483 52 8
LU U A 22 figp RS, 30 7 S AR SRR T A SRt AT o
TRABETE P, i 75 A 2R LA TRl (1) 45 i A
IR S RO R W T RORS B A 32 2R, U H
A0 AR AR rby SO e i B S AR /N9 L P 1 - 8
R | HAR R RS B 5 12 A M ) IS RS ]
B FEOT RS PR A AR K E 55 (2) E
SE AL PRI, DA (I ok B2, ey AR B BE R
TGS b DR PR B M E A7 0 AT 5, DT 5 2l 308 % 4
MR B T A S P Y 22 AR R L R

Mateviats Protlection

W55 (3) AR B ) T+ S oM L A R 5 v
5 MV T 7 3 3 3 T R AL, G R P 5 R T
I3 B AR B R AR S RO T RE R 24, B M 7[R
I PR LR MR SRS AT IR A 3 L UL, 75 AR Al
Ul RN T 1) S B L A i A% 17 20, 22 IR AZ Ay L
BB B PR T R R 5 AT S LA BT (4)
AE O 4 Z Arp R T AN BE B Al M7 FURE TN TR B o
AL BB ST , b T BRI B B E ISP fF O,
JET R AN T A F 2 MR AT EHIE,

4 s

b0 b R T Y=o =p A S I /N 1 SO E
WUERIT T LS R, W/ N 2 AR A M R AL , 42 A
ik R A AR e 8 v BHL AR AR A A Y 3
Py o i HE VR 00 B2 Sk S R X T DL AR T K
- XSGt Oy ST LI SE R TR R A8 =
FIER| PR32 R B TR E R, IR
R R A T A Bl 2R T/ IR, b /5 ik — 2
FERRAARAU B A, LASR vy 550 00 1 4 1 A 2 e 4 it
MOIEFHPE . 5, W 00 Jr FVAE T 5 i 8 N7 TR 3 5 B
JEAILT AR A7 W DU A b LA B, 22 R A A B
Y 22T T ) T8 A v s 0 00 2 fip
DA A S T AN

[ & % x # ]

(1] ZEz, #HEEE, £7%. &6 B o RGN 4

JEAEER T SBR[ T ] 8 iRk 22 5 B i HOR,
2016, 28(3) :263-268.
QINRZ, DUY X, JIANG Z T. HVDC transmission system
for buried metal pipes current status of interference research
[J].Corrosion Science and Protection Technology,2016,28
(3):263-268.

(2] 9% &, BPHF, MRA) SR B R G b i Y 5

M K AR AT TE £k M R[], BRPEHL Ty, 2017,45
(3):27-32.
SU L, ZHAO D D, FU C Z. Review and prospect on influ-
ence of grounding electrode current in HVDC system and its
suppression method [ J ]. Shanxi Electric Power, 2017, 45
(3):27-32.

(3] AaIAnFn, M &, s B 2R e sl X U
T [J]. SN AR, 2016,19(8) 42-46.
HE Y H, XIAO L S. Summary analysis of the impact of
HVDC grounding electrode on oil and gas pipelines [ J ].
Guizhou Electric Power, 2016, 19(8) :42-46.

(4] PP e Bt i p 2 g oo 5 2 < s A5 3 1) T 40 AL



Rt 5.4

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

FEBRTEL D ] AR - VY AR, 2014

LI D D. Study on the interference law of HVDC transmission
line to a buried metal pipeline[ D]. Chengdu; Southwest Pe-
troleum University,2014.

SV R M. i H At v, 3 %o 0 5 3 P A6 11495 )
[J]. MR, 2017,5(2) :196-203.

WU J W, SONG P. Effect of high voltage incoming current
on potential of buried pipeline [ J]. Electric Engineering,
2017,5(2) :196-203.

YR 1R /A o T LA i P R X R ) T T
BB A 5 0 A [0 ). 0 5 By 4, 2017, 38 (2)
142-146.

LI Z J. Field test and analysis of interference of high or ultra
high voltage direct current transmission system to under-
ground steel pipeline[ J]. Corrosion & Protection,2017,38
(2) :142-146.

INERE, R, B S T B AR G R
PEREEE M [J]. 8 i 5 B4, 2017,38(8)
631-636.

SUN J G,CAO G F, HAN C C. Influence of HVDC Trans-
mission System Ground Electrode on West-East Gas Pipeline
[J]. Corrosion & Protection. 2017,38(8) :631-636.
B,k P AR AR A X T R &
MLt B A A R 3 B [ 7], RARR S5 410, 2010, 28
(5):22-26.

CHENG M, ZHANG P. Analysis of influence of ground en-
try current of Yulong Ling ground pole on buried steel pipe-
line of West - East gas transmission [ J]. Natural Gas and
0il,2010,28(5) :22-26.

LT, HER, # RS WEERNREXNHREE
AP LU D7 L [ T]. B S B g, 2018, 39
(3):222-226.

JIANG Z T, CAO G M, ZHONG L, et al. The interference
law of urban infrastructure to oil and gas pipeline and its
identification method[ J ]. Corrosion & Protection, 2018, 39
(3):222-226.

o M, IR ARk, S5 IR R H o A
ERTHRP[T]. hEAI R A (HARBE) |
2017,41(6) :167-170.

YANG C, LIZ L, YANG R J, et al. Interference and protec-
tion of buried pipelines due to HVDC grounding electrode
[J]. Journal of China University of Petroleum, 2017,41(6) .
166—-170.

NICHOLSON P. High voltage direct current interference with
underground/underwater pipelines: The 65th NACE annual
conference[ C]. Houston: NACE,2010.

PR e, BRI T I U A L A M Y T

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

F56% - H6H - 202356 A Im

PB4 4 5 [0 ] A i Ak T il 5 B 4, 2019, 36
(5):13-19.

JIANG K K, GE C G. Interference of HVDC grounding elec-
trode to buried pipelines and protective measures[ J]. Petro-
chemical Corrosion and Protection, 2019,36(5) :13—-19.
JBE AR, ok, BTSRRI R AR R A
AP I S AL T ] Az, 2021, 40(1)
7-12.

GU Q L,JIANG Y T,CAO G F, et al. Interference monito-
ring and Influence Law of HVDC grounding pole to buried
pipeline[ J]. Oil & Gas Storage and Transportation, 2021,
40(1):7-12.

iz, MHEE, R, & S EER TR T X80 Y
TR L3 i) IS MR AL BB AT A e [T ]
LB, 2017, 54(6) :886-894.

QINRZ, DU Y X, LU M X, et al. Study of Interference
Parameters Variation Regularity and Corrosion Behavior of
X80 Steel in Guangdong Soil under High Voltage Direct Cur-
rent Interference[ J|. Acta Journal of Metal, 2017, 54(6) :
886-894.

DAI N W, CHEN Q M, ZHANG ] X, et al. The corrosion
behavior of steel exposed to a DC electric field in the simula-
ted wet-dry cyclic environment[ J]. Materials Chemistry and
Physics,2017,192(5) :190-197.

A8 IR, TROCH AR S SR TR B LN
VU R 7 8 e RIS [0 ] ik < T TR, 2019,
38(12):97-102.

XIONG J, ZHANG W Y, DU Y X, et al. Corrosion law
study on pipeline steel in southwestern soil under high volt-
age direct interference[ J]. Oil and Gas Field Surface Engi-
neering, 2019,38(12) . 97-102.

LK. e T LU i L AR e AR K i 3 e A AT
FSZIR [ )]l BT TR, 2014,5(7) :23-24.

YING B. Influence of ground pole of HVDC system on safe
operation of long distance transmission pipeline[ J]. Oil and
Gas Field Surface Engineering, 2014,5(7) .23-24.

GB/T 3805-2008 , H#fIKHL [T (ELV) FR{E[ S .

GB/T 3805-2008, Extra low voltage (ELV) limit[ S].
LAGACE P J, HOULE J L, GERVAIS Y, et al. Evaluation
of the voltage distribution around toroidal HVDC ground
eletrodes in n - layer soils [ J ]. IEEC Trans Power Deliv,
1988,3(4) :1 573-1 575.

WROKHH, i), R OR. T BRI 10 A e A R U
Gioyhr[J]. EREIR, 1994(1) :3-7.

CHENG Y M, SHI G D, ZHAO Z D. Analysis of ground
electrode current field of circular DC transmission[ J]. High

Voltage Technique,1994(1) ;3-7.



Iw Vol.56 No.6 Jun. 2023

[21]

(22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

B FLI R A F A b 4 R A T 1 L S
M oA [ D ). AR ARAEH IR, 2018,

QIAN C. Research on the electromagnetic influence of
ground current from DC earth electrode on the buried metal
pipeline[ D ]. Jilin: Northeast Electric Power University,
2018.

T, LI A A F Y o 3L 8 45 J 7 T FEE o 52 )
MBEFE[ D] dbat At Jss (dEst) | 2016.

SHANG S Z. Research on the corrosion influence of ground
current from DC earth electrode on the buried metal pipeline
[D]. Beijing: North China Electric Power University ( Bei-
jing) , 2016.

BRI, sk, MHEE. AR T SR [ M ]
JEAC LA Tl AL, 2015.

LU M X, ZHANG L, DU Y X. Corrosion and control in the
oil and gas industry[ M ]. Beijing: Chemical Industry Press,
2015.

BRI, X/ING, TREE S5, B BTGRP A BB
(D) —FAREDFIH R R ORENB AL [T ]
L THLIE, 1997,65(5) :36-38.

QIAN HJ, LIU X G, ZHANG S X, et al. Numerical simula-
tion of cathodic protection in Tubes (II) — Finite difference
method for calculating potential distribution in large diameter
tubes[ J]. Chemical Machinery, 1997,65(5) :36-38.
SRS, BEZE. A7 BR2E 700k S I I A T B AR (R 47 i
PRAL A [T ], P EJE 5 B A4, 1994, 14(1)
77-81.

ZHNAG M D,YIN Z A. The finite difference method is used
to calculate the potential distribution of submarine pipeline
under cathodic protection[ J]. Chinese Journal of Corrosion
and Protection, 1994 ,14( 1) ;77-81.

BB, AR, 505 R AR SO B A £ B ) H A7
oA 1], PEIE RSB AR, 1996,8(1) :29-36.
QIU F, XU N X. Potential distribution on the outside of steel
tank bottom plate under cathodic protection [ J ]. Chinese
Journal of Corrosion and Protection, 1996,8(1) :29-36.
MUNN W D. CATHODIC PROTECTION ATTAINS NEW
RECORD[J]. 1989, 33
(5):23-25.
DEGIORGI V G,

Highways & Heavy Construction,

III E, LUCAS K E. Scale effects and veri-
fication of modeling of ship cathodic protection systems|[ J].
Engineering Analysis with Boundary Elements, 1998, 22
(1) :41-49.

B, SRboT, fEg, A, il ORI PR A
U B BEHRTIEL T]. KRR T 2Bl 1998,8
(5):90-94.

LIANG X W, WU Z Y, MENG X J, et al. Study on com-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Mateviats Protlection

puter aided optimization design of regional cathodic protec-
tion in oilfield [ J]. Journal of Tianjin Textile Institute of
Technology, 1998,8(5) :90-94.
WO, A B R ORE SRR EMARA MR
X H 4 J A T PRI p e [0 . b S B, 2019, 40
(12):902-906.
GUT, BAI F, YUE C, et al. Effect of high voltage DC
grounding current on buried metal pipeline corrosion [ J].
Corrosion & Protection,2019,40(12) :902-906.
WO, BB, NIRRT AR R R R AR
SREEE MRS E ] S P, 2019, 40
(7):68-73.
GU T, BAI F, LIU Z J, et al. Influence parameters of
HVDC system on buried metal pipeline corrosion[ J]. Corro-
sion & Protection,2019, 40(7) :68-73.
RIS, RFaR. 7 1 - VR B TR AR Ak P42 4
WA SR )]. LSl e, 1999, 33(12) .
1 494-1 497.
XU S Z, ZHU Z S. Calculation and analysis of ground pole
in preselected pole site of Luchao Port - Shengsi DC project
[J]. Journal of Shanghai Jiaotong University, 1999, 33
(12) 1 494-1 497.

DF, SR, B AL S R 4 R A
EE%[J]. LRI A, 2008, 32(2):71-75.
CHI X H, ZHANG Y J. The protective distance between the

TE Y B

DC grounding pole and the metal pipe in the earth[ J]. Pow-

er Grid Technology, 2008, 32(2) .71-75.

ﬁﬂﬂﬂ@ S, RUED,SF. e R A
T R A S (1], I URIE , 2021, 40(3) -

256-261.

HU Y B, WU Z P, WU S Q,et al. Consideration on the in-

fluence of HVDC grounding pole on buried pipeline corrosion

and its control[ J]. Oil & Gas Storage and Transportation

2021, 40(3) :256-261.

AN TR v T UL M A X I 3T ) H T e S By A

SBTI]. MRS, 2019, 2(1) :89-94.

FU L H. Analysis of electromagnetic interference and protec-

tion of HVDC ground pole to adjacent pipeline[ J]. Electric

Porcelain Arrester, 2019, 2(1) :89-94.

B,y S U A 1 b S 2 4 e A T

JE T[T ], BTRECAR , 2013, 7(6) : 71-76.

FANG Y Y, LU J. Analysis on the Influence of HVDC

Grounding Electrode’ s Ground Current on the Corrosion of

Buried Metal Pipelines[ J]. Southern Power System Technol-

ogy, 2013,7(6) :71-76.

B SRERIE Rk A, A e S ER AR  HE Mh  J  E

E?;?FEFE{”’HC?}EE’JE?HHU]J?%‘»EEWF,2020,41(4):



Rt 5.4

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

43-47.

LV C, ZHANG Y X, LI Y F,et al. Effect of Soil Environ-
ment on HVDC Interference to Buried Metal Pipeline[ ] ].
Corrosion & Protection, 2020, 41(4) :43-47.

HWIENE, A B, R, SR, RRe R LA M A X B
TS I PEAG (D], R R, 2009, 35(7).
343-327.

DONG X H, YNAG W, TANG C, et al. Evaluation on cor-
rosion of nearby tower network by UHV direct current[ J].
High Voltage Technique, 2009, 35(7) . 343-327.
TR, 2R, 2R A e A r ol 2 e D) ) ok
B 55 M BRI FE HE S [ D). 8 iRk 5 B P R
2018, 30(3) :8-12.

FENGNZ, L1 ZZ, LI HT, et al. Research progress of
corrosion protection and monitoring technology for grounding
networks in high voltage substations[ J]. Corrosion Science
and Protection Technology, 2018, 30(3) .8-12.

FXRIE, B 8, M AE. 5 S F 3 I ) A
JERRREIEAR T ], @R SRR, 2016, 28(2) -
5-9.

WANG T Z, XU X,HAO J T, et al. Remote corrosion moni-
toring technology for grounding network of high voltage sub-
station [ J ]. Corrosion Science and Protection Technology,
2016, 28(2) :5-9.

CSA 766219, Oil and pipeline systems[ S].

DL/T 437-2012, & J& ELH B EOR S S].

DL/T 437-2012, Technical guidelines for high voltage DC
grounding poles[ S].

DL/T 5224-2014, = F B B R HBAR [P R SR i AR
MAEE[S].

DL/T 5224 - 2014, Technical specification for design of
HVDC earth return system[ S].

A5 ME. R U A b AR H U 3 20 A R T 5
[D]. 3k NEHBHERY:, 2019.

LI Y. Research on current distribution characteristics of
ground electrode in UHVDC transmission[ D ]. Baotou; In-
ner Mongolia University of Science & Technology,2019.
HETR, SR, 2K, SF. R A A
EHERTIREANSZ2WEE[]]. RBRK T, 2019,
39(3) .125-132.

CAO GF, GUQL, JJIANGYT, etal. Current Inference of
HVDC ground electrode to buried Pipelines and its personal
safety distance[ J]. Natural Gas Industry, 2019, 39(3):
125-132.

TR, BB RO A T T M 4 R A
By EE B R K RS [1]. S R ER, 2019, 55(5):
136-143.

[47]

(48]

[49]

F56% + F6H - 2023561 181

CAO F Y, BAI F. Research on the factors influencing the
protective distance of buried metal pipeline under the inter-
ference of DC earthed electrode current[ J]. High - voltage
Electrical Apparatus,2019, 55(5) :136-143.
GB 50991 -2014 , 3 4y 44 i 4 38 1090+ e B 97 B2 A A
HE[S].
GB 50991 - 2014, Technical standard for DC interference
protection of buried steel pipelines[ S].
BOHERS , 25 A 1, o RIS, A5, v T B s AR 0 T A
BT R B o5 (1], A Ak T 45 = R 22 3l
2017, 30(6) :75-80.
ZHAO Y L, L1 Z L., FANG X P, et al. Research on inter-
ference and protection of high voltage DC grounding pole to
buried pipeline[ J]. Journal of Petrochemical Universities,
2017, 30(6) :75-80.
J %, TFVE, SRR Rl R ARG E AZ R R
AR TR A0 1ok 5 B 4 S A A [0 ] ob I g A
Bl 2019, 15(7) :156-160.
ZHOU Y, JIANGZ T, MA X M, et al. Case study on corro-
sion and protection of onshore oil and gas pipeline subjected
to high voltage DC grounding electrode interference[ J]. Chi-
na Safety Production Science and Technology, 2019, 15
(7) :156-160.

[(mE: A E]

(EEF 155 W)
[74] LIUJH, LIUF H, XU J, et al. Effect of current density on

[75]

[76]

[77]

interface structure and performance of CF/B - PbO, elec-
trodes during zinc electrowinning[ J]. Ceramics Internation-
al, 2020, 46( 2) . 2 403-2 408.
VEOE, PN, A SR BREFAERL MR ZOR A A A
FEEL IO B = R (] S REM B, 2016, 47 (10):
10 118-10 123.
XU J, ZHOU S G, ZHU P X, et al. Electrochemical prop-
erties of layered composite electrode materials based on car-
bon fiber [ J]. Journal of Functional Materials, 2016, 10
(47). 10 118-10 123.
RAMS J, URENA A, ESCALERA M D, et al. Electroless
nickel coated short carbon fibres in aluminium matrix com-
posites[ J]. Composites Part A Applied Science and Manu-
facturing, 2007, 38(2) :566-575.
XU JC, YUH, XIA L, et al. Effects of some factors on the
tribological properties of the short carbon fiber - reinforced
copper composite [ J ]. Materials and Design, 2004, 25,
489-493.

[ SEREX]





