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Abstract

The paper based on the research background of Jiuquan + 800 kV converter station and its trans-
mission line, constructed three-dimensional composite layered model of the soil structure near
the grounding pole, and tested resistivity the area where the line passes through Jiuquan, the ef-
fect of ESP (Earth surface potential) is analyzed. Firstly, in the special soil structure, the influence
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of the measured quantity on the DC bias grounded at the neutral point of the surrounding AC
substation was analyzed and studied. Finally, the circuit model of the straightening device based
on the soil structure is built, and used Simulink in MATLAB, the simulation study of DC magnetic
biasing treatment can provide some reference for the selection of grounding pole address and DC
magnetic biasing treatment of ultra high voltage direct current (UHVDC) projects.
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1. 5|8

H 7 Dok, RESmEREEEERME], A% - 5B +800 kV Frm EE ML R -
WHIF + 800 kV ik BELUAT R, LAK 2023 FEHFEEIIBEAR - LLZR + 800 kV 4 /a1 i Bl F AR & Bl
THMA, W HAERKXEAIFAT. BAT, FRER R E RS RO R R E 2, FRE R
R R, RGFEERE S, LHRMAER —HXIFAE2] (3] [4] [5] [6], HHr— WA A bR aGR s AT
BRI ARIIIZATH, RE AN BNBNRHIZLT, IXE 2GR B R R a e s N oKy, 2
MR BT B AL 7] [8] [9] [10] [11], 12 HEAL AR A B IR /INAZ AL ) 38 s FH 2 50, FRADBRK,
A PR, AU . B R R L AR AL TR [12] [13], 4L 2SI R S AR A
KO g, R R B RS b rp ot s B HE NS SR AR S, GBS AR I B A LI R RN
[14] [15] [16] [17], AR R =EIRBNREIZL . Merid oK. RAEIR, 00 E) W 2 4817 18]-[28],
— TR g5 R R A R Gt ok TR KRS

S3HT ESP A& 3 b B RIS 2SI R G 0 sE e 1) OGRe,  H AT, AR R AR R M AU I B AT EAS TR
i, FUH R AR AR M i P 38 ) SRR R L5 ESP 20 A . SCBR[ 12135 TP RTE &40 |2 3 i i
BOESP; SCHR[ 14150 2 Ha A7 s e B A B B RIS R 4G T ik, SRR 9% B A R4 i 1 sk
SCHR[23]45 H T — P ELIA IR L EL ISR ME ,  SCHR[26]45 T — b EL IO BG4 1) 256 B 52 s T A8CR, SCRiR[18]
[22] [28]43 BT 1 Bt il 25 72 16 28 R

SR £ 800 kV it vl O NIBATEAE, NHIRE G RN ANE RAE T B XAERH, A SO iz
RAR b S BRBAE AT b, M3 M R A 52, BRI o AT T 3 S U Ak 3R HL AT R
P EEALER, BEXTREE 0 R IEEE R, X LU AT TN Re B RS I B R R VR EE AR

2. JBR +800 kV AL EEARAR U 3R E R B H 3 ESP BN R

PR - IR+ 800 kV 4 e s ELUL a0 L R AR A8 H R 4 B0 A B 1 SRR AL ol I T R
L AR AR 1k A 78 SR T A P B AR SR A 1624 2 ke, J@ AR L L BT AR G200 52, 35 $E 5
MRAE R, RZBINEEZ, HIEZ) 5~10 em, 2KEGEPEHOREUKAS A G, HEZETFZRHEIRE
WAk LA BURE HH R AT R B2 B A
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FEZ15 0.6~0.9 m, JZJKN 0.6~0.9 m, ZEJKMEFEREAE 1291.1~1291.5 m Z [d].

@ BBk t(Qdal): SEME~KIE L, IR, BOAMA, BT, MR KALML R, EEE
DIEHOR G, N EIEER, AWA, ZEHR R ER R L. %2 KI21 s, HEELHN
129m, JZEN 13.8m, ZEMEEREAE 1278.3 m.

@ fhit(Qdal): ZEHEGRFEE, EEEKMW . KEEE, SKBEARWH, WYL, LIRSS,
HEJEE — 1k 1. ZZEETE 3.2 m bl k.
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50021-2001) A1 F1iZ )2 @R T2

O. QF @k ¥ 2 mm PLF, #% (BEEEHXEFMEY (SY/T0317-2012)IAHM &, %t
R L. JOPEEY) 3 mo WL RIERE iR S AT A, HBRRREA I S =T 0.01%~7.08%
Z ], BRI AN 20.20%, AT ) 2 He AR AR bk 3R 4 1 S B M

B FELIALTE R O f 1) 1 3R R A7 22 S e R B I () IR S HCE 06, s My s e s e A B
FELAE A SR 35 O A b 1) 28 28 B R LR ) LR R R R TR R IR, AT A,
HM AR R G, HRME AR, LIEOABEER « FIREEAE, LRy EMBTER, Sit
SR TARK M, AR B S I 1 AR R R AR R, (D FTR:
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At pge me 0 SRR EHIRIOREL ¢ WIS F R IR A A
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Figure 1. The soil model diagram of three-dimensional composite layered
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AR S S R 75 FT S5 X S gt A v ol 8 f BEL 2R A A I U BEAT e v, KRB BRI 2 100~1000
Qm, BT KT 1000 Q-m, 1 FKE R 30~100 Q-m, — X EIL RN 300 Q' m. ZIKY
HBHZ A 300 Q-m I, [ 3P 500 Q-m BH0F] 2000 Q-m I, JFiAAL I 35 1 B sk,
51 1) BTG I 5™ L, WA IR AR M 22.3% 38 N F 34.2%. Hh3 HLA7E I AR 300 Q-m
AR N H HL N 1500 A B, BEEEE B 5 km £ 50 km HhR A7 M 44.8 V £ 3.8 V.

T 3 s B A (3) BT -

R=pL/S ©)
X p AHBLE, LASARKEGIH HIEEIEE), S A E e mm AR (AR R, 7 SR 330 sl 12 b
1 420 m A1 300 m [F].Co LR FA ).
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3.1. XREERPHE[ERERAER ST

e LB ELUR R A XUMAB AT SRR TN, R A Iz AT, BRI B Ak,
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Figure 2. The diagram of UHVDC transmission system
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Figure 3. The Mechanism diagram of DC magnetic biasing
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HREEA LA 750 kV 22 HLA MR, 750 KV A LS AR AR A =S A AR AR R AR, s
JEANE S 37 ARG BB, Rk, B @ R NSRS, B RS AR 48 Hh 1 e r o AS
B, HRHARIRENE &, L i ZRE B MRS, IXFERE K T AR R 28t AR e 2% Rk e I A
PRBNFNE 1K . BT = SR RS R 28 a0 ] 4 R
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Figure 4. The diagram of single phase auto transformer
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3.3. SCi B ot BT 32 e 38 [ 2% A 2

RN SR - IR + 800 kV 4 & By H TR AE B ARE AT 77 2T X V09 S5t X A v HEL I (22
TSR, 7E RS0 BUA B RHIX 110 kV LU E RS A RS 26 & LA K 2447
M

ARUREAT IS 23 PR, B 7 ANPGRS AN 8 ANWIsS o %5 15 ANk 26 & EARFATH % S E R E
Tt T P AR T SRR 20 I, A\ FLIR 500 A B [ 7 far A2 200 MW, AHBFEI 1000 A B ¥ 671 £ 42 400 MW,
NHEEEIE 1500 A B G247 2 600 MW o 32 B A5 o W st i 47 Ve o B0 P R 0, Sk e s DA T 2%
PRBNMEL, 1 AR HIEAT THCT, A AR X 110 kV K PAF H R 55 2 1) 6 A8 e 2800
N R SEHE RR

Table 1. The Statistics table of ground current at measuring point

= LM SRR RG T E R R

TRV A AL TR 3\ HRIEAT T AL HR(A)
HLL(A) 0 500 1000 1500
KTET 6 A BT A% 0 6 10 14
B RNHLE(A) 0 19.1 24.9 38.6

W ERAE, ERARCKHIZAT TOL R, AR RS R, PR S A bk B R S 750 kv H
A H Sl AR R 2 N HBFRIR B K, 6] 5~7 BT J9 R B 3 B AR 35T 1) 5 FR AR RS PEVE N 1500 A R K HiE 47
T I AR e AT B R R IR, B R N HB FRR R 38.6 A

RAE (750 kV BRI FRIE) (Q/GDW157-2007)H#15E, %% 750 KV A8 # 3k K i i A8 4R
FUEHAE 100 pm, JEFIRZNH K 30 pm, “FIEAKT 60 pm. MEFE KT 80 dB HIbR#E, H 750 kV
AR F i IR 2 R3¢ 2~4 P .

5 8B By 2 2 7 EE S I A IR e A R AS I FL I (AR B T8 AT, OE MR N PR B K FLA A 1500
A, GERE B, ERA KIS AT TR, B M R K, AT AR R s N b IR Y R
Fo T TAR BT B KIS AT HIAE 5000 A, QAN SRECH 200 BELIR i ya B, 23 7™ B 500 A8 3t L Y 11 22 4
FaEIBAT
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Figure 5. The DC current of 1# transformer
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Figure 6. The DC current of 2# transformer
E 6. 24T ERER
50
40 1
30

204

B (A

-10 4

=20 4

=30

-40

T T
8:10 8:208:30 8:40 8:50 9:00 9:10 9:20 9:30 9:40 9:50 10:0010:1010:20
B (mind

Figure 7. The DC current of 3# transformer
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Table 2. The vibration noise of 1# transformer

2. IR ERIREE

‘ HLE(A)
W A5 4%
0 500 1000 1500
750 kV A ys 14 IRIRIRE(um) 2.4~21.7 4.2~26.1 3.4~254 3.4~238
T2 A 75 (dB) 84.6-92.5 82.2-90.3 80.9-92.9 83.1~91.6
750 kV sy 14 IRIRIE(um) 3.7~20.4 3.1~49.1 3.6~333 3.6~16.5
E4 B B 75 (dB) 86.6~95.8 86.5~91.6 84.1~91.8 83.6~93.0
7501 Ak 14 TRIRIE(um) 42-26.5 5.4-41.3 3.1~33.6 3.9222
A CH B 75 (dB) 88.5-96.4 88.7~97.5 90.3~97.3 91.5-94.5
Table 3. The vibration noise of 2# transformer
3. WL E ERENIRE
‘ HE(A)
W A5 4%
0 500 1000 1500
750KV Mk on  TRIRIE(um) 2.4-20.6 3.1-25.2 3.5-24.4 3.5~17.8
e I 7% (dB) 82.8-92.4 81.0~89.1 80.4~92.1 81.3~90.2
750 kv Asr ik o PRI (um) 3.3~19.3 4.2~474 3.4~29.6 3.7~18.4
LA B A I 75 (dB) 83.6~94.6 84.3~90.1 82.1~91.5 82.8~93.3
750 KV AsH s 2 PRI (um) 3.9~25.8 5.6~39.9 3.3~31.9 3.8~21.1
T CAl 75 (dB) 87.9-95.9 89.6-98.1 89.2-98.3 91.7-95.6
Table 4. The vibration noise of 3# transformer
= 4. WL EBIRBNIE S
‘ HLIT(A)
=2 7S
0 500 1000 1500
750 KV A5 HL 3 34 PRI () 2.3~22.7 3.9~25.8 3.3~26.1 3.4~175
A A 75 (dB) 83.6-91.9 81.7-91.5 81.2-92.9 82.9-92.1
750KV A rhyh 3 HRIE(um) 3.2~18.3 3.3~48.4 3.7~32.3 3.7~16.9
E& B 1 7 (dB) 83.9~93.9 85.8~90.9 83.9~92.1 82.9~93.0
IS0k Ak HRE(um) 4.1-25.9 53425 3.4-31.5 3.7~19.6
EZCH I 75 (dB) 87.7-95.6 89.8~97.3 91.2-96.3 92.0~94.3
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Figure 8. The electrical schematic diagram of capacitance DC bias governance device
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Figure 9. The Simplify the circuit diagram of
capacitance DC bias Governance device

E 9. BABERMELHIE R B E L KRE

FAE 2 C1 29093000 pF. L1 A28 sbias 5 20 iR SR OB R B2 EH, JLEN 500 pH,
D5 PR E 245, R1CNBCRFE, HAEN 0.1 Q, R2 AFELMERFE, R3 ML, R4 R
BEHT, C2 18N 4 uF, D5 Fl R1 EEZLE IGBT kWi /o SLIlSait, #ife IGBT AT Wik A .

HAE AP HCER A 0 (3) From:

Z =R+ jX =|Z|arg(p) &)
X, Z 9P, ROVEHGERL, COAMRERE, o AMPIA, X=1/oC.

4.2. IESH
£ MATLAB #AF R H Simulink #EEe b #5805 BUH S K], 132 IGBT Al & RN 600 V, il
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Figure 10. The Simulation result graph
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M FIE, XA R IGBT HENE. 1E 1.5 s B R ZI Tk 2 2 200 A, 2 s BF IGBT MR, H
JE%) 300 V, IGBT ) FiBIERS 45 5, IGBT W7, L NINFI koS, A 55 B B E A7 2.5 s 1,
WO, BRE A A NE, IGBT BiiA%E, IGBT W kR FEH . THESGREY, %
IER-S it ZRESI DO NN i R EA 7 R 1 aticl] = 8 e | NE R e R LR e

5. &hig

R e L ELILARY HL AR SEAE AN AR K T BN AN P 2 AT I, RS AR 1 EL U R i 2 S Bi%
M B A PR A2 A I A e AR EL LWL 45 R G AR IS AT SR AN R, 3 EE RS i R LA (324K
M2 LA B S AR I R S A G D 2 DS, Bt R LR ARG I, RN AR M R B R
Py B, BB S ™, L R AR I 11.9% . A SEI RS 2, A2k
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