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ZnO Nonlinear Resistors for Lightning Arrestor with World's Highest Operating Voltage
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Development work for the miniaturization of lightning arrestors has been continuously progressing. If the operating voltage (gradient voltage) of the
zinc oxide (ZnO) elements for lightning arrestors is increased, significant miniaturization of lightning arrestors can be attained by reduction of the number of
Zn0O elements.

Toshiba already developed high-gradient ZnO elements with an operating voltage of 400 V/mm in 1997, and has now developed ultrahigh-gradient
Zn0O elements that have an operating voltage of 600 V/mm. These ultrahigh-gradient elements were applied to a gas-insulated switchgear (GIS)
lightning arrestor for 800 kV systems, and attained a 40 % reduction in the volume of the lightning arrestor.
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ZnO elements for lightning arrestor
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Trend in development of ZnO elements
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ZnO element manufacturing process

3.2 600V/mmIOOOOO

gooboobooobbbooobboobooon
gooboboboooooooobobbobbobbobbobb
00o0ooDooooooooDooDoeovV/mmooon
gobooggoboooobooodlimAdOODOOO
ggooboobboooobpoobobbooobbbbooon
gogbobogobbbooooboboooobbooon

59

I B B




1,000 —

000 VimmO

10°° 1072 107t 10* 10° 10°
000Ad

O00znOOOOOOOOOOOOOOOOOOOOOOOODOO
gooo0o0oooooo

Current-voltage curves and microstructures of ZnO elements
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Model of operating voltage increase in microstructure
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Temporary overvoltage energy absorption capability
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Structures of lightning arrestors for 800 kV GIS
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