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±1 000 kV直流输电线路塔头间隙冲击放电特性试验及海拔校正研究

丁玉剑，廖蔚明，孙昭英，宿志一

中国电力科学研究院

摘要： 

±1 000 kV直流在中国是一个新的电压等级，为保证设计的经济性和可靠性，需对不同海拔地区空气间隙距离的

选择进行试验研究。在北京的特高压直流试验基地和海拔 4 300 m的西藏高海拔试验基地采用相同结构的±1 000 
kV真型尺寸模拟塔头空气间隙进行了冲击放电试验，获得了相应的操作冲击和雷电冲击放电特性曲线。通过对西

藏基地得到的操作冲击放电电压采用GB/T 16927.1—1997、IEC 60071- 2和GB/T 311.1—1997标准推荐的方法

进行海拔校正，并与北京的试验基地得到的试验结果进行比较，结果表明以上 3种标准推荐的海拔校正方法已不适

用于海拔4.3 km的长空气间隙操作冲击放电。最后，按照“海拔每升高100 m，绝缘的电气强度降低相同百分

比”的原则，采用插值法计算得到了海拔4 300 m及以下地区的塔头间隙操作冲击放电电压曲线，并结合±1 000 
kV直流输电线路过电压的研究结果，计算了不同海拔下±1 000 kV直流输电线路塔头操作过电压需要的最小空气

间隙距离。在1.7 pu操作过电压下，对于海拔1 000 m及以下地区，±1 000 kV直流塔头的空气间隙距离建议为

8.6 m；当海拔为3 500 m时，建议为9.8 m。 
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Experimental Studies on Impulse Flashover Characteristics of Tower Head Air Gaps 
of ±1 000 kV DC Transmission Lines and Altitude Correction Methods

DING Yujian, LIAO Weiming, SUN Zhaoying, SU Zhiyi 

China Electric Power Research Institute 

Abstract: 

The ±1 000 kV DC transmission system is at a new voltage level in China. In order to guarantee the 

design reliability and rationality, the air clearance choice is very important and need to be researched. 
The same configuration and real size simulation tower head of ±1 000 kV DC lines were used to carry 

out impulse voltage test at the UHVDC test base in Beijing and the Tibet high altitude test base located at 
4 300 m above sea level. The test curve of flashover characteristics of switching impulse and lightning 
impulse were acquired. It is found that the altitude correction methods recommended by standards of 
GB/T 16927.1-1997, IEC 60071-2:1996 and GB/T 311.1-1997 are no longer suit for the long air gap 
discharge voltage at an altitude of 4 300 m by using the methods recommended by the three standards 
on the switching impulse test results acquired in Tibet and compared with the test results got in Beijing. 
Finally, the insertion method based on the principle of “when the altitude rises with 100 m, the related 
insulation level would drop with the equal percentage” was used to calculate the switching impulse 

discharge voltage curves below altitude of 4 300 m, and by considering the over-voltage research 
results for ±1 000 kV DC transmission lines, the minimum gap distances for ±1 000 kV DC tower head 

under switching over-voltage at different altitudes were calculated. While the switching over voltage is 
1.7 pu, the minimum air clearance on ±1 000 kV DC transmission line tower is suggested to be 8.6 m 
respectively at the attitude below 1 000 m. At the attitude of 3 500 m, it’s suggested that the minimum 

air clearance is 9.8 m.
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