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Abstract: The Changji—-Guquan ultrahigh-voltage direct current
(UHVDC) project is the first +1,100 kV UHVDC project
in the world. The UHVDC transmission line in this project
passes through Qinling mountain at an altitude of 2,500 m
through a 30-mm-thick ice coating in the Shaanxi Province of
China. However, the design scheme is the key problem in the
project construction. In this paper, the primary design principle
including the selection of the multi-bundled polar conductor and
the ground wire for a 30-mm heavy ice area, and the number
of units of insulator strings, insulator set and fittings, the air
gap at the tower, lighting protection, type of tower, tower
load, and so on, is summarized and discussed in depth based
on the successful design experience of the Changji—-Guquan
UHVDC project. The study results will provide theoretical and
experimental experience for other UHVDC projects.
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Table 1 Parameters of selected conductors
8XJL1/ 8XJLHA4/  8XIJLHAL/
G2A- G2A- G2A-
sgme 1250/100 1250/100 1250/100
TEWSE  NEHEE  WNESEE
E4RE REEKYE HREER%
| EEe) R 84X 4.35 84X4.35 84X 4.35
L 19X2.61 19X2.61 19X2.61
S/ mm’ 1350.03 1350.03 1350.03
HA%/mm 47.85 47.85 47.85
2H/ (kg'km') 42523 42523 42523
Z?Cfl’iﬂﬂ 0.023 0.024 81 0.026 94
THEHLIK 77 /KN 329.85 448.45 523.35
PR /GPa 65.2 65.2 65.2
/*tﬁﬂi%? 20.5 20.5 20.5

PNV FAAE30 mmyK X AL vkt 4088 71 KR

R2 SEBRKIHENREHRLERY
Table 2 Ability of ice overload and aluminium safety
factor of selected conductors

o JLI/G2A-  JLHA4/G2A-  JLHAI/G2A-
=ES 1250/100 1250/100 1250/100
FREERE 25 3.4 4.0
Bk L,=300m 50.61 70.10 81.86
ot
ﬁ’;ﬁ L,=500m 48.59 65.87 76.27
B
fmm  L,=700m 47.59 63.71 73.36
.
B NL) 81.45 81.42 80.77
A /MPa
D 2SS 1.96 3.62 3.90
= IR
Lz PN 35.49 35.48 35.08
# /MPa
LA FE 451 8.32 8.98

WRIGTHRER, - FLRIPIKRE ) i 20K
AR AFARFE/ D IPBRAE R Hk S LA AR
PG AR B X T WLAR3

K3 BEEAEBEREERTILR GTHZESY%)

Table 3 Initial investment and annual cost comparison
of selected conductors(discount rate 8%)
8 XJLHA4/ 8§ XJLHA1/
X -
SLES 5 : ;gé//ﬁ)zoA G2A- G2A-
1250/100 1250/100

EXES a7

— 2 133.6 2161.1 21579

/ (J37C - km™)

B/ (OC kWh') 0.4 0.5 0.4 0.5 0.4 0.5

3500h 246 329 263 351 283 377

HEFEDR
Fi/ (i 4000h 299 399 320 426 345 459
. -1
LMD 0h 352 470 377502 406 542
3500h 3184 3266 3238 3326 3254 3348
R
JCJi 4000h 3237 3337 3295 3402 3316 343.1
J6 km™)
45000 329.0 3407 3352 3478 337.8 3513
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28 K H8 X ILHA4/G2A-1250/100 B 49 85 rh o 40 45 4
SR VISR E LR vk BE

1.2 HbZRiEE

AR A R B, TR ik
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FHI BRS04 5 HHOPGW-240.
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FLRER R . SR SCER[ 11T R B 4 21 I B2
WA L

k=19947>" | 7<1.5m/s D)
k=3.66(V-d)"'",V=1.5m/s (2)

K KNG LT AR BUG s o BEMER N
S0% TG B R AGARIAR , pum; VA ZE S KU, mis.

ZUSH UK X AE G 15 R A, T T Y ML TG TS
e, LRIEAC IR AL TR R SRR B 90.02 mg/em’.
KRB N 1.79 m/s. BEMERS0% 758 kb
HH16.7 pm, WIEASHAG 2.0, B LA
h#40.04 mg/em®, A ERRIG X

HRAE P R o R BRI B T 0, FK Xy
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YT BIKVHES, ANRISSHLEZ TG BivkiEge
ZERBUN, TR E S AEIE 45 T
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JE TGRSR IEIE I 51 R8N, BT R T B
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BRI, e AR UKIN R IR B L VKR
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Table 4 Configuration of suspension string
(at an altitude of 2500 m)

ER B = ﬂiiT}iE i’k ﬂiif}irf % ?E/?"';E
210 kN (170 mm) 109 122 122
BI5X 420 kN (205 mm) 90 101 101
550 kKN (240 mm) 79 86 86

AL, T DK Ay e TR D Xk R T S
ik SRRV GUEGTE SE

i 5K 268 2% 1 83 LKA B, Aoy R AR BRI
FLE T MALKINBE I T8 h, 1 8] 5
TGk —2, BCE SIS,

R5 MKBHEEFERE (GEK2500m)

Table 5 Recommended configuration of tension string

(at an altitude of 2500 m)
BX S S EE R
B 550 kN7 88
Ri5X
550 kKN =A% 79
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D E¥TAERE T Rz S gt
Y 2% £ XU J S 2R AT 23 ASURTBR Y B 5 0 %
TR E HEL R Ul 133K
Uson, = LS e
(1-30y)-K,
A USMEERE, 1100 kV; K+ K058 E
TLHLE R A R R IEREG KRS R
1155 on Ry as SRR i i R 78 S R A, B
0.9%.
2) BAELH TR 23 SR PR
IR S SRR X AT 114 2 =] AR M50 Y6 # A o
, K. K.
Usp, = mlj n (4)
K. U NEEBITHE, 1122 kV; K. K505
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PR AR o s SRR ERAE v v R ik i F
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FRAE I R R T e A I L an B L 7R o FT O,
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Fig. 1 Distribution of switching overvoltage
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Fig.2  Switching impulse discharge characteristics at different altitudes
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Fig. 3 DC discharge characteristics for conductor-tower gap
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Table 6 Minimum tower gap distance under DC voltage and
switching impulse voltage at an altitude of 2500 m

14 BHRRERE RNESER/m
HiiHE 1.43 4.0
BB HBE (1.5 pw) 1.08 9.0
PR BE (1.58 pu) 1.08 9.6

AfOL, PR H AR R .S pu R A A ] BRE
[ 1.58 puZiK iz SRIBRIE I/ INA0.6 m, A F T/
PESL RO .

2.4 PHEFRP

30 mmE pK X BEHIE T8 MM, mil, WS
& H }30 d/a. 4351 % FH o AU AR RN A7 e b A T
Sali ARG N R, 152 5 vk X B Y Sz ki it 75 7K
Vo RGNS R INET. RN

xR7 HERGTWMEKEMRENEZE
Table 7 Back striking lighting withstand level and flashover rates

T EERFEER/(Q - m) 500~1000  1000~2000 2000
T4 B FH/Q 20 25 30
i K RA 213 192 181
IR 2% 322
SR 0.050 0.086 0.115

(% (100 km-a)™)

®8 ARFRPHTIHIERERNEER

Table 8 Shielding failure flashover rates under various shielding angles
R/ -10 -15
WK —filih fiAth —fglid ml

et NG R/
(Y& (100 km-a)™")

0.503 0.891 0.322 0.570

AL, BT 1100 KV FHREK . 55
157170 NP e N =/ N i R S b LSS W)
NNy AR TE N

EA TRAL N HEER . TR, ¥k
BT AT S50, W s R M R A L R
KF-15° , 2L dBkR=0.058K/ (100 kmea), il
B SCHR[20] e o Bk el 45 1 2% {H0. 17/ (100 km-a)
R o



Vol. 3 No. 3

MiEE: 30 mm BKKX = 1100 kV FaEEm&EIRIT 259

3 BEAXREFEHGFHRIEIERF
3.1 @BFEELEIE

H A S 2 K Bk IR 5 K ) 4 % - AH TR AR
YR AZ 450, AR EE PRIXAE 2RI B 2, B HR IR [a]
HEH 1000 mm. i 5K 82 B E] FEH 1200 mm.

3.2 BHFHEENFE

HR A T UK X SEBR B 2k 5 1, B e ek VI 46 2%
- £ 5 R OB R AR XUBC S50 KN AL PR = Hc420 kN
550 KNAEZ . Ayt G o oK DCAT 35 1 e IR B A1 7 oK
RN [A) 5 B4 2T BR LR A B8 1T 1 B — IR 2 55 1O
VER B PR R A 2% B R R R 4 A B T
HFRER.

I i

i, L] ——

B4 BEHREE
Fig.4 Schematic of suspension string
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Fig. 5 Schematic of tension string
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Fig. 6 Schematic of double V-style rigid jumpers
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Fig. 7.~ Comparison of suspension towers
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Fig. 8 Arrangement of traditional strain tower and
separate strain tower
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Table 9 Tower planning results

KE EH EAR K*
BE ER/m HE HE 2 EH 14EE Kvi&
/m /m (%) /m
51~63
ZC30301 (66~72) 420 650 450 0.8
51~69
Z 2 .
C3030 (72-90) 550 800 450 0.7
JC30301 51~60 500 +600/300 0~30 250~500
(63~72) o
JC30302 3160 500 £600/300 30~60 250~500
(63~72) o

Ve 4 5 I RSB T FERRR S 4V KPP0 S,
4.3 BKXEELMEERIFH

B S A B T AR SR A B Sk B A B, Y
PR ALRIAIEE . B LA IR A L R i BT e S A
XPATE . HhZ 5 AR LA A K-S

SRR, H UK DX 2RI ] B e 4 2% 1 R
KR VERIE MR, 32 HL G PR R R RS =k 25 /<[]
PRl o TR KSR ] R 2 P L RS ], die/ M ]
#5422 mo

T H UK XS RN, AR 58 DI 25 42 0 Bt
UK BRER I 2 SR 118 S M 2 1 28 (B B 0615 Sk RS
FEMIVE o S ik ) /)N 0P AR - D % i A
M2k FR1HI & A HL g N L IR TR . FEVK
X B ZRIE M2k SO 23 mid ARt AR K, ek
PR SR B 23 me

10444 RESE S A B A2 1 25 R0 HE 930 mmER
URIX AT IE PR ]

4.4 IHETHBERESHRAS

HHTH E £+ 800 kVHE vk X 28 % £ U5 i 2h 11531
KB AT, 324 B SCHR 221 B0 B FTFHE fo 4580 T
BUEETTHER . + 1100 KV IR 7KZE 1% 10 58 vk XU 3%
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Table 10 Influence of load combination on the weight of
suspension tower

HHAGHNX HE BELLE
HALE 211.6 86.5%
HARA G AR EIIK 238.5 97.5%
HEARE B IFK 2143 87.6%
R TRAE 244.6 100%

H: OFEANEGEIERK TN HOK A 8T W TH: QR
VKIEH45 mm.

£ 11 AEEHAEITICI03025EHIF T

Table 11  Influence of load combination on the weight of strain tower

HHAERN HE/L BENLLL
ARG E 258.2 89.5%
IR G AR VK 278.1 96.4%
FAAA+IEIK 284.7 98.7%
SR T I A 288.5 100%

e QEEARY AR TI Bk T L4 THL. Witk Tl Q6%
VKJELHR45 mm.

10 30 mmEEik X BRI B 4 [F]
Fig.10  Single-line diagram of typical towers at 30 mm heavy icing area
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Fig. 11 Photographs of tower test
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