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1. 緒 言 

3-D FEM analysis of the real composite wing is 

impossible 
 

Electric current analysis (1-2 m length, t=10 – 20 mm )  

Electric current analysis is indispensable for spark analysis. 

 

Lighting strike Thermal Spark  
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Toughened CFRP laminates 
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目 的 

• 直交異方性場の電流解析 

 

• ポテンシャル流れを用いた簡易解析 

 

• FEMとの比較検討 



2.直交異方性場の電流  
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Electric current density is  calculated 

using partial differentiation of electric potential 

Equation of continuity of electric current 



yx

yx





  ,

Coordinate conversion 

0
2

2

2

2











yx
yx







0
2

2

2

2



















Potential  satisfy the Laplace’s equation on the coordinate of  

and . 

Orthotropic 

Isotropic 

(Laplace’s equation) 



Potential flow of perfect fluid without eddy current 

Velocity potential 
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Eqation of continuity 

Complex potential function is obtained for the case that a source 

locates (-a,0) and a sink locates (a,0). 
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3.Electric current flow analysis using  potential flow 



Let us consider a case of source 
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Electric current density analysis of cross section 
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Semi-infinite body 
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4.Comparison with FEM 
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薄板近似（板厚方向に電位差の差異なし） 
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Application to Laminated CFRP 

Difficult point 

 (1) Conductance varies by z 
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Difficult point 

(2)How to deal with angles plies 
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If the laminate comprise of a single angle such as  

45o-ply, the laminates can be calculated by rotation 

of coordinates. 



(1) Cross-ply laminates 

  (Angle ply is difficult: not orthotropic) 

 

(2) Partial differentiate of potential 

 is the same as that of single ply 

 (Obtained from the result of this analysis) 

Simple model for laminated CFRP 

Unidirectional thick CFRP Cross-ply laminated CFRP 
x



Same 



Cross-ply laminate 
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New lamination theory for thick CFRP 
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x

y

(3)We cannot obtain  Fxy() because 

 the results of the thick unidirectional 

 CFRP has no electric current due to 

 the interaction term. 
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ポテンシャル解析による今後 

• はく離の影響を評価可能  

 

２重湧き出し はく離 
２重湧き出しを設置することではく離面に垂直な 

電流をキャンセルして解析可能 

たくさんの実験やFEM解析なしではく離位置と大きさの同定 

が可能となる可能性がある 
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異方性による直流電流の表皮効果 
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交流電流の表皮効果厚さ 

雷撃損傷などは直流電流解析で近似可能 



６. 結 論 

(1) 直交異方性の導電率を示し，座標変換により 

  完全流体のポテンシャル流で解析可能であること 

  を示した． 

(２)直交積層においては，ポテンシャル流で電流密度 

  が解析可能である 

(３)寄与度関数を用いた解析により．厚板CFRPを２
次元解析する導電率の積層理論を提案し，その有
効性を示した． 

（4）交流表皮効果を解析し，CFRPでは異方性の効果
の方が大きいことを示した． 


