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Electromagnetic Analysis Coupled with Motion for High Speed Circuit Breakers of

Eddy Current Repulsion using the Tableau Approach

Toshie Takeuchi*, Member, Kenichi Koyama*, Member, Mitsuru Tsukima*, Non-member

Electromagnetic field analysis coupled with motion using the tableau approach has been applied to high

speed circuit breakers of eddy current repulsion mechanisms. This breaker has an opening time of 1ms and

a break time less than 1 cycle (20ms). The driving part of the breaker is composed of electromagnetic

repulsion mechanisms and disk springs with nonlinear characteristics. The mechanisms are composed of two

fixed coils and one repulsive plate. A numeric experiment has been applied about the dynamic behavior of

the electromagnetic repulsion mechanism using the equivalent circuit method. Calculation results were good

agreement with both of measurement results and calculation results by FEM on an experimental model. In

addition, repulsion forces depending on material conductivities have been researched.
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Fig.1. Diagram of single phase of high speed cir-
cuit breaker.
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Fig.2. Electric circuit.
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Fig.3. Cross section of experimental model.
01 Doooood
Table 1. Specifications of experimental model.

Coil outside diameter 100 mm

inside diameter 42 mm
Repulsion plate diameter 110 mm
Gap 5 mm
Spring constant 103 N/mm

Initial contact pressure 1900 N
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Fig.5. Equivalent circuit of induced current.
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Table 2. Materials of repulsive plate.

Material

Cu plate Pure Al plate Al plate

Conductivity(S/m) 5.0e+7 3.5e+7  2.5e+7
Skin depth(mm) 4.5 5.3 6.4
Density(10°kg/m?) 8.9 2.7 2.7
Resistance of induced coil(£2) 2.7e-5 4.1e-5 4.8e-5
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Fig.6. Gap dependence of mutual inductance.
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Fig.7. Results of currents on fixed coil and strokes
of repulsive plate.
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Fig.8. Calculated repulsion forces.

gboooooobobobooboooooboobooboo
gboobooooooboobobooboooooboobooboo
oo0o000ooOooOobobooooooDobooooooo
oo0o0o0o0ooOooOoboobobooooDoooooobooo
OO00oo0oDoO0o00oDO0o0O0O000oDboOO t=2msec
0O000000oDoooo000000000UOFEMO
gboooooooboboboboooooooobogooboo
goboobooboobooboobooboobooon
gboooooogoboboboboooooooobogooboo
gboooooooboobobooooooooooboooboon
oboooooobooboboboboooooo
oooboobooboboboooooboobobooo

IEEJ Trans. PE, Vol.124, No.6, 2004



goooooocooooooobooo

N
-

O, @ The tableau approach
results
A, A FEM results

o 1 " 1 'y 1 " 1 L 1
2 3 4 5 6,
Conductivity (S/m) [x107]

09 0D0oO0O0o0oooooo

Fig.9. Materials of repulsive plate and driving
efficiencies.
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app. Fig. 1. Model of thin cocentric coils.
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