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Surge Protection to Circuit Breakers
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• Most utilities sufficiently protect power 
transformers using transformer-mounted arresters 
next to bushings.

• Conversely, surge protection for circuit breakers 
lacks the attention of industry if: 
• The number of circuit breakers per a 

substation is typically large. 
• The cost of repairing or replacing a circuit 

breaker is relatively low. 
• The risk of damaging a circuit breaker from a 

lightning surge is not clear.
• However, the above judgements are in 

comparison to a power transformer. The likelihood 
and negative impact of failing or degrading an 
opened or closed circuit breaker due to a lightning 
surge are generally underestimated. 

• Negative impacts may include required breaker 
replacement and harm to substation personnel 
due to breaker misoperations. 
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IEEE-C62.22 Equation
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IEEE-C62.22 Equation
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𝐷B =
𝑐

2𝑆

1.15 ∙ 𝛿 ∙ 𝐵𝐼𝐿

1.05
− 𝑉𝑠𝑎 (1)

where:

c: Velocity of light, 300 m/μs

S: Steepness or rate of rise of the incoming surge, 𝑆 =
𝐾𝑐

𝑑𝑚

𝐾𝑐: Corona constant that determines steepness of incoming surge (kV – km/μs)

dm: Distance from a lightning stroke occurrence on a line to a substation, in km, 𝑑𝑚 =
100

𝑀𝑇𝐵𝐹∙𝐹𝑂𝑅

MTBF: Mean time between failures (years)

FOR: Flashover rate of lines (flashovers/100 km-year)

δ: Altitude adjustment factor, 𝛿 = 𝑒−
𝐴

8.6

A: Altitude, in km

BIL: Basic lightning impulse insulation level

𝑉𝑠𝑎: Voltage across the surge arrester, from junction J to ground (kV), 𝑉𝑠𝑎 = 𝑉𝑎 + 1.3𝜇𝐻/𝑚 ∗ (𝑑′ + 𝑑′′) ∗ (2 ∗ 𝑆/𝑍)

𝑉𝑎: Surge arrester FOW protective level at 0.5 μs (kV)

𝑑′: Conductor length between arrester-bus junction and arrester terminal (m)

𝑑′′: Conductor length between ground and arrester grounding terminal (m)

Z: Line surge impedance (Ω)



Typical Layout
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𝑉𝐵 = 𝑉𝑠𝑎 + 2𝑆 ∙
𝐷B
𝑐

𝑉𝐵 =
1.15 ∙ 𝛿 ∙ 𝐵𝐼𝐿

1.05

𝐷B =
𝑐

2𝑆

1.15 ∙ 𝛿 ∙ 𝐵𝐼𝐿

1.05
− 𝑉𝑠𝑎



Other Layouts
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Breaker Maintenance Scenarios
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Breaker Tripping Scenarios

12



Other Arrester Placements
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Procedure for Determining 
Surge Arrester Placements
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• We proved and verified that the equation is valid for calculating the 
maximum allowable separation distance for substation circuit breakers 
recommended by IEEE-C62.22 for various breaker-arrester positions and 
breaker closed/opened statuses. 

• This exercise also helps explain the fundamentals of separation effects and 
the importance of installing arresters as close as possible to the 
equipment they are intended to protect. 

• In addition, we explore various breaker operation scenarios including 
removing a breaker due to scheduled maintenance or a fault, which may 
influence the placement of surge arresters. 

• Furthermore, we propose an optimal surge arrester placement solution 
for a typical 138-kV breaker-and-a-half station bus. 

• Lastly, a procedure for determining arrester placements for lightning surge 
protection of circuit breakers is recommended.
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