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Abstract:

In the design of EHV/UHV power transmission projects, the selection of air gaps is very important for it
impacts on the sizes of transmission towers and distances among various electrified constructional
elements within substations or converter stations. Rational design of air gap not only concerns secure
and stable operation of power system, but also direcly bears up on construction cost of the project.
Generally speaking, the air gap to withstand switching overvotlage needs maximum air gap length than
those withstanding power frequency overvoltage, DC overvoltage or lightning surge, thus the switching
impulse flashover characterisitics of typical air gaps of transmission tower, and those in substations and
converter stations is one of the important factors impacting on security and economy of transmission
projects, and is also the main foundation in the design of EHV/UHV AC/DC transmission projects. The
discharging characteristic of air gap under switching overvoltage is related to such factors as the form
of electrode, distance between electrodes, the waveform of the applied votlage and so on. To provide
reference for more in-depth researches in future in this field, the experimental studies on switching
impulse flashover characteristics of air gaps home and abroad are summarized, including various
switching impulse flashover characteristics and factors impacting the characteristics.

Keywords:

KRS H #1 2010-03-18 & [7 H #] 2010-07-21 M4 kR & i H #1 2011-01-18
DOI:

HEWH:

IR R

e & A -

Y& Email: guchen@epri.sgcc.com.cn

EEPE T

[1] 5K3C5e, TUKIE, Ao6IE, 5. Frm R HRBARMIT]. HEEHL LR, 2007, 27(22): 1-7.
Zhang Wenliang, Yu Yongging, Li Guangfan, et al. Researches on UHVDC technology[J].
Proceedings of the CSEE, 2007, 27(22): 1-7(in Chinese). [2] ik3Cx:, BRI, TES|, &, AR¥EEK
Hu DX RIS =660 KV ELIATZR B T8 2 R SRR 28 (A6 (9] h AL C R4, 2008, 28(34): 1-6.



Zhang Wenliang, Liao Weiming, Ding Yujian, et al. Selection of the minimum air clearance for 660
kV double-circuit DC transmission line tower in different altitude areas[J]. Proceedings of the CSEE,
2008, 28(34): 1-6(in Chinese). [3] #hiHse, BN, T L&, 4. £800 kv E Uitk i LA T Ial BB Ry
PR M B BB B BE[0]. HMEIAR, 2008, 32(22): 8-12. Sun Zhaoying, Liao Weiming, Ding

Yujian, et al. Air gap flashover characteristics and selection of gap distances for 800 kV UHVDC
transmission project[J]. Power System Technology, 2008, 32(22): 8-12(in Chinese). [4] fMiF#, 2=
PRUE, fEk—, 5§, 2800 KVHE i A SRR SR RS [I]. By, 2006, 39(10): 47-51. Sun
Zhaoying, Li Qingfeng, Su Zhiyi, et al. Study on external insulation of air gap of 2800 kV DC system
[J]. Electric Power, 2006, 39(10): 47-51(in Chinese). [5] #MEZE, BN, 75& -, %. +800 kVH
itk L R A U] SRR E R BORTFEI]. MR, 2008, 32(22): 13-16. Sun Zhaoying, Liao
Weiming, Su Zhiyi, et al. Test study on the altitude correction factors of air gaps of 800 kV UHVDC
projects[J]. Power System Technology, 2008, 32(22): 13-16(in Chinese). [6] %5, JAk, &I,
S, 750 KV L2 BT B 18] AN 5 00 4V b o 8 R s RS2 [3] . WL 7K O R Bt fE, 2007, 23(8): 8-
11. Chen Yong, Wan Qifa, Meng Gang, et al. Influences of tower gap and tower leg width on
switching impulse discharge voltage of 750 kV transmission line[J]. Advances of Power System &
Hydroelectric Engineering, 2007, 23(8): 8-11(in Chinese). [7] M&5i, &K, %, 4. 750 kVIAEXN
[ e L B 2 D) B LR PR AP [9]. iR 4R, 2008, 34(10): 2118-2123. Chen Yong , Meng

Gang , Xie Liang, et al. Research on air-gap discharge characteristics of 750 kV one tower double-
circuit transmission line[J]. High Voltage Engineering, 2008, 34(10): 2118-2123(in Chinese). [8]
Taniguchi S, Okabe S, Takahashi T, et al. Air-gap discharge characteristics in foggy conditions
relevant to lightning shielding of transmission lines[J]. IEEE Transactions on Power Delivery, 2008, 23
(4): 2409-2416. [9] Taniguchi S, Okabe S, Takahashi T, et al. Discharge characteristics of 5 m
long air gap under foggy conditions with lightning shielding of transmission line[J]. IEEE Transactions
on Dielectrics and Electrical Insulation, 2008, 15(4): 1031-1037. [10] Gallet G, Leroy G, Lacey R,
et al. General expression for positive switching impulse strength valid up to extra long air gaps[J].
IEEE Transactions on Power Apparatus and Systems, 1975, 94(6): 1989-1993. [11] Taniguchi S,
Okabe S, Asakawa A, et al. Flashover characteristics of long air gaps with negative switching
impulses[J]. IEEE Transactions on Dielectrics and Electrical Insulation, 2008, 15(2): 399-406. [12]
Aleksandrov G N, Podporkyn G V. Analysis of experimental data on the electric strength of strength of
long air gaps[J]. IEEE Transactions on Power Apparatus and Systems, 1979, 98(2): 597-605. [13]
Bogdanov O V, Dikoj V P, Krylov SV, et al. Dielectric strength of external insulation and air gaps
under live woring on EHV and UHV transmission lines[C]//CIGRE 1994 Session, Paris, 1994: 1-6.

[14] Menemenlis C, Mcghllis D. Switching impulse breakdown of air gaps with application to the design
of EHV/UHV external insulation[C]//International Conference on Large High Voltage Electric Systems,
Boulevard Haussmann, Paris, 1974: 1-12. [15] Watson W, Ryan H M, Flynn A, et al. The voltage-
time characteristics of long air gaps and the protection of substations against lightning[C]//International
Conference on Large High Voltage Electric Systems, Boulevard Haussmann, Paris, 1986: 1-6. [16]
Lings R. EPRI AC transmission line reference book: 200kV and above[R]. 2004, EPRI. [17] The Les
Renardieres Group. Breakdown phenomena of 5m and 10m rod-plane gaps in air with positive
switching impulses[R]. France: CIGRE SC33, 1972. [18] Udo T, Tada T, Watanabe Y. Switching
surge sparkover characteristics of air gaps and insulator strings under nonstandard conditions[J]. IEEE
Transactions on Power Apparatus and Systems, 1968, 87(2): 361-367. [19] Cortina R,
Garbagnatienel E, Pigini A, et al. Switching impulse strength of phase-to-earth UHV external
insulation[J]. IEEE Transactions on Power Apparatus and Systems, 1985, 104(11): 3161-3168. [20]
Rizk F A M. Switching impulse strength of air insulation: leader inception criterion[J]. IEEE
Transactions on Power Delivery, 1989, 4(4): 2187-2195. [21] Boehne E W, Carrara G. Switching
surge insulation strength of EHV line and station insulation structures[C]//Conference International des
Grands reseaux Electriques a Haute Tension, Boulevard Haussmann, Paris, 1964: 1-11. [22]
Bortnik I M, Belyakov N N, Djakov A F. 1200kV transmission line in the USSR the first results of
operation[C]//International Conference on Large High Voltage Electric Systems, Boulevard
Haussmann, Paris, 1988: 1-6. [23] Rizk F A M. Critical switching impulse strength of phase-to-
phase air insulation[J]. IEEE Transactions on Power Delivery, 1993, 8(3): 1492-1506. [24]
Watanabe Y. Switching surge flashover characteristics of extremely long air gaps[J]. IEEE
Transactions on Power Apparatus and Systems, 1967, 86(8): 933-936. [25] Menemenlis C, Harbec
G. Switching impulse breakdown of EHV transmission towers[C]//IEEE PES Vinter Meeting, New

York, 1973: 255-263. [26] GB/T 16927.1—1997, I EIRIH AT —#5r: — Bl ZoR[S]. [271 77
Sk BRI, R, AF. 1000KVAZ VA L 4 i LA B A m) U Fe R MERER AT ST [R] . iR [ M i ) RIS
B, 2008.

AT i KA S

Copyright by FLM# A



