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Positional Characteristics of the Coupling Coefficient in  
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Abstract  Capacitive power transfer has many important merits including less heating and more material options. But its 
positional characteristics had not been studied quantitatively and generically enough. This study cleared that capacitive power 
transfer is able to be analyzed with the same manner as magnetic resonance. The analysis on the equivalent circuit model 
showed that the positional characteristics of the efficiency are determined by coupling coefficient in the same way as magnetic 
resonance. And the coupling coefficient simulation showed the effective range is as long as that of magnetic resonance along 
the distance and is longer along the one of misalignment directions. 
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࡛ࡇࡇ Ȧ’0 Ł (LSC’S)-1/2 = (LDC’D)-1/2 = Ȧ0(1-ke2)-1/2, 
Q’S,D Ł Ȧ’0LS,D/RS,D Ȧ0ࠊࡾ࠶࡛ ࡀ Ȧ’0ࠊQ ࡀ Q’࡚ࡗ࡞࡜

ຠ⋡ᘧࡢඹ㬆⏺☢ࠊ௨እࡿ࠸ ຠࡢࡇ㸬ࡿ࠶࡛ࡌྠ࡜[9]

⋡ ᘧ ࡣ Ȧ = Ȧ’0 = Ȧ0/(1-ke2)1/2 ࠿ ࡘ rS = rD = 
(1+ke2Q’SQ’D)1/2 㸬ࡿ࡜ࢆ኱್᭱࡞࠺ࡼࡢḟࡁ࡜ࡢ  

� �222 ''11'' DSeDSe QQkQQk �� K  (3) 
௨ୖࡢゎᯒࡽ࠿┤ิ᥋⥆ࡢ㟁⏺⤖ྜᆺࡣ☢⏺ඹ㬆

㸬ᘧࡿ࠿ศࡀ࡜ࡇࡘࡶࢆᛶ≉⯡୍ࡌྠࡰ࡯࡜ ኱᭱ࡢ(3)

࠸࡜࠸࡞ࡽ࡞࡟ᐃᩘࡀ㟁※࿘Ἴᩘ࡞㐺᭱ࡾࡼ௳᮲ࡢ್

ಀྜ⤖ࡣࢀࡇࠊࡀࡿ࠿ศࡶ࡜ࡇࡿ࠶ࡀ㐪Ⅼ┦࡞࠺ࡼ࠺

㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍሙྜ↓ど࠸ࡉᑠࡀᩘ  

3.2. ୪ิ㓄ิ  
ᅗ 2(b)ࡢᅇ㊰ࡢࣇࢵ࣍ࣄ࡚ࣝ࢟࠸࠾࡟㟁ὶ๎ࡀ௨ୗ

㸬ࡿࡍ❧ᡂ࡟࠺ࡼࡢ  
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ࡇ ࡇ ࡛ YS,D Ł GS,D+jȦCS,D+1/(jȦLS,D) ࠊ Y0src,0ld Ł 
1/Z0src,0ldࠊGS,D Ł 1/RS,D ㏱㐣ࠊ཯ᑕἼࠊ㸬ධᑕἼࡿ࠶࡛
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⋠ఏ㏦ຠࡤࡽ࡞㸬ࡿࢀࡉ⾲࡟࠺ࡼࡢ Ș = Pt/Pi ௨ୗࡣ

㸬ࡿࡁ࡛ࡀ࡜ࡇࡃᑟ࡟࠺ࡼࡢ  
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 (7) 
ୖグࡢᘧࡣ☢⏺ඹ㬆ࡢຠ⋡ᘧ 㸬ࡿ࠶࡛ࡌྠࡃ඲࡜[9]

ࡣ࡛ࡇࡇ Q ࡣẚࢫࣥࢲ࣮ࣆࣥ࢖࡜್ QS,D Ł Ȧ0CS,D/GS,Dࠊ
rS,D Ł Y0src,0ld/GS,D ࡣ⋠㸬ఏ㏦ຠࡿࢀࡉ⩏ᐃ࡜ Ȧ = Ȧ0 ࠿

ࡘ rS = rD = (1+ke2QSQD)1/2  㸬ࡿ࡜ࢆ኱್᭱ࡢ௨ୗࡁ࡜ࡢ
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ᅗ ��㟁⏺⤖ྜ㒊➼౯ᅇ㊰ࡢ 7�Ȉኚ᥮ .�

� �222 11 DSeDSe QQkQQk �� K  (8) 

௨ୖࡢゎᯒࡽ࠿୪ิ᥋⥆ࡢ㟁⏺⤖ྜᆺࡣ☢⏺ඹ㬆

ࡋࡔࡓ㸬ࡿ࠿ศࡀ࡜ࡇࡘࡶࢆᛶ≉⯡୍ࡌྠࡃ඲࡜ Q ್

ࡢࢫࣥࢱࢡࢲࣥࢥࡃ࡞ࡣ᢬ᢠ࡛ࡣẚࢫࣥࢲ࣮ࣆࣥ࢖࡜

ẚ࡚ࡋ࡜ᐃ⩏ࡿ࡞࡟࡜ࡇࡿࢀࡉ㸬  
 

4. ఩⨨≉ᛶࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ  
㏦ཷ㟁ჾ඲యࡢእᙧᑍἲࡿ࠶୍࡛ྠࡀሙྜࡢỈᖹ

㓄ิ࣭ᆶ┤㓄ิࡢ㟁⏺⤖ྜᆺ࡜☢⏺ඹ㬆ᆺࡿࡅ࠾࡟⤖

ྜಀᩘࡢ఩⨨≉ᛶࢺ࣓࣮ࣥࣔࢆἲ ẚ㍑ホ࡚࠸⏝ࢆ[10]

౯ࡓࡋ㸬ࡎࡲࡣ࡛ࡇࡇ౑⏝ࡓࡋ㏦㟁ჾཷ࡜㟁ჾࡢ⤖ྜ

⣔࡜ࣝࢹࣔࡢ⤖ྜಀᩘࡢ⟬ฟ᪉ἲࢆㄝ᫂ࠊࡋḟ࡟ z ᪉
ྥ㊥㞳ࠊx, y ᪉ྥ㍈࣮ࣚࠊࣞࢬ᪉ྥᅇ㌿ࡢࣞࢬ 4 ࡢࡘ

఩⨨≉ᛶࡢ࡚࠸ࡘ࡟⤖ྜಀᩘࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝࢆ

⪃ᐹࡿࡍ㸬  

4.1. 䝰䞊䝯䞁䝖ἲ䝰䝕䝹䛸⤖ྜಀᩘ䛾⟬ฟ᪉ἲ  
㏦㟁ჾཷ࡜㟁ჾࡣᅗ 4 㸬ྛࡿࢀࡉ໬ࣝࢹࣔ࡟࠺ࡼࡢ

ࠊࡾ࠾࡚ࡗ࡞ࡽ࠿㟁Ⅼ⤥࡜ࣉ࣮ࣝ⥺ᑟࠊ㟁ᴟᯈࡣࣝࢹࣔ

ࢬ࢖ࢧ࡛⛠ᑐࡣ㟁ჾཷ࡜㏦㟁ჾࡶ࡚࠸࠾࡟⣔ࡢࢀࡎ࠸

ࡣ 140 mm x 100 mm 㟁ᴟࡿࡅ࠾࡟㸬㟁⏺⤖ྜᆺࡿ࠶࡛

ᯈࡣ 5 mm 㛫㝸ࡢ㖡࣓ࣝࢹ࡛ࣔࣗࢩࢵ໬ࡿ࠸࡚ࢀࡉ㸬

ᆶ┤㓄ิᆺࣈ࢕ࢸࢡ࢔ࡿࡅ࠾࡟㟁ᴟࡣࢬ࢖ࢧࡢ 50 mm 
x 40 mm ࡣ㊥㞳ࡢ࡜㟁ᴟࣈࢩࢵࣃ࡛ 5 mm㸬඲࡚ࡢ㟁ᴟ

ࡣ⥺ᑟ࡜ 5 mm ࡛ศ๭ࡿ࠸࡚ࢀࡉ㸬  
⤖ྜಀᩘࡢ⟬ฟࡣ࡟ᅗ 5 ࡌྠ࡟࠺ࡼࡿ࠸࡚ࢀࡉ⾲࡛

ࡓ࠼ኚࢆタᐃࡢධฟຊ࡚ࡋᑐ࡟ࣝࢹࣔ 2 ᅇ࣑ࣞࣗࢩࡢ

㸬1ࡿ࠶ᚲせ࡛ࡀࣥࣙࢩ࣮ ࣏ࡢ㏦㟁ഃࡣタᐃ࡛ࡢ┠ࡘ

ࢺ࣮ S ࢺ࣮࣏ࡢ㟁ჾഃཷࠊࡋ㟁ᅽ※࡛ບ㉳ࢆ D ⤡▷ࢆ

ࢫࣥࢱࢩࣃᕫ࢟ࣕ⮬ࡿࡅ࠾࡟㸬㟁⏺⤖ྜᆺࡿࡍ CS ⤖࡜
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(a) Ỉᖹ㓄ิ㟁⏺⤖ྜᆺ   (b) ᆶ┤㓄ิ㟁⏺⤖ྜ
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Z

Port S

Port D 䃥

 
(c) ☢⏺ඹ㬆ᆺ  
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ࢫࣥࢱࢩࣃࣕ࢟ྜ Cm ࡾࡼ࡟㟁ὶ๎ࡢࣇࢵ࣍ࣄࣝ࢟ࡣ

௨ୗ࡟࠺ࡼࡢ㟁※㟁ᅽ Vsrc ࣮࣏ࡓࢀࡉࢺ࣮࣑ࣞࣗࢩ࡜

ࢺ S, D 㟁ὶࡿࡅ࠾࡟ ISS, IDS 㸬ࡿࢀࡉ⾲࡛  
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2 ࢺ࣮࣏࡟㏫ࡣタᐃ࡛ࡢ┠ࡘ D ࢺ࣮࣏࡚ࡋບ㉳ࢆ S

ࢫࣥࢱࢩࣃᕫ࢟ࣕ⮬ࡢࡘ࡜ࡦ࠺ࡶࡿṧࠊࡋ⤡▷ࢆ CD
ࢫࣥࢱࢩࣃࣕ࢟ྜ⤖࡜ Cm ࡀ 1 ࣙࢩ࣮࣑ࣞࣗࢩࡢ┠ࡘ

㸬ࡿࢀࡉ⾲㟁ὶ࡛ࡓࢀࡉࢺ࣮࣑ࣞࣗࢩ࡟ᵝྠ࡜ࣥ  
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ࡽ࠿ࢫࣥࢱࢩࣃࣕ࢟ࡢࡽࢀࡇ ke = Cm/(CSCD)1/2 = 

-ISD/(ISSIDD)1/2 = -IDS/(ISSIDD)1/2 ࡵồࡀಀᩘྜ⤖࡟࠺ࡼࡢ

㸬ࡿࢀࡽ  
☢⏺ඹ㬆ᆺࡢሙྜୖࡶ࡚࠸࠾࡟グࡢ㟁⏺⤖ྜᆺ࡜

⤖⏺☢ࡽ࠿㟁ὶ๎ࡢࣇࢵ࣍ࣄࣝ࢟࡟࠺ࡼࡢ௨ୗࡃࡌྠ

ྜಀᩘ k 㸬ࡿ࠶࡛⬟ฟྍ⟭ࡀ  
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 (11)  
ᅉ࡟ࡳ௨ୖࡢ⪃ᐹ࡛ࡣ㟁ᴟᯈࡸᑟ⥺࣮ࣝࡢࣉ᢬ᢠ

ᡂศࡣ↓ど࡛ࡿ࠸࡚ࡋ࡜ࡢࡶࡿࡁ㸬  

4.2. 䝅䝭䝳䝺䞊䝅䝵䞁⤖ᯝ䛸⪃ᐹ  
⤖ྜಀᩘࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ⤖ᯝࡣᅗ 6 ࡢࣇࣛࢢࡢ

ඹ⏺☢ࡣ㟁⏺⤖ྜᆺࡢỈᖹ㓄ิ࡚ࡌ⥲㸬ࡓࡗ࡞࡟࠺ࡼ

㬆࡜ẚ㍑ࠊࡋゅᗘࣞࢬ≉ᛶࢆ㝖ࡢࣝ࣋ࣞࡌྠࡰ࡯࡚࠸

⤖ྜಀᩘࡓࡋ♧ࢆ㸬୍᪉ᆶ┤㓄ิࡢ㟁⏺⤖ྜᆺࡣゅᗘ

㸬ࡓࡋ♧ࢆಀᩘྜ⤖࠸పࡶ᭱ࡁ㝖ࢆᛶ≉ࣞࢬ  
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(a) タᐃ 1㸸࣏࣮ࢺ S ບ㉳࣭࣏࣮ࢺ D ▷⤡  
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(b) タᐃ 2㸸࣏࣮ࢺ S ບ㉳࣭࣏࣮ࢺ D ▷⤡  

 
ᅗ 5 ⤖ྜಀᩘ⟬ฟࢺ࣮࣏ࡢࡵࡓࡢධฟຊタᐃ  

4.2.1. ㊥㞳 (z ᪉ྥ )≉ᛶ  
Ỉᖹ㓄ิ㟁⏺⤖ྜᆺࡢ⤖ྜಀᩘࡣ☢⏺ඹ㬆ᆺ࡯࡜

ಀྜ⤖ࡢ㸬ᆶ┤㓄ิ㟁⏺⤖ྜᆺࡓࡗ࠶࡛ࡉࡁ኱ࡌྠࡰ

ࡢ௚ࡣᩘ 2 ࡇࡀࡿ࠸࡚ࡋ♧ࢆ್࠸ప࡟᭷ព࡚࡭ẚ࡟ࡘ

⏺㟁ࡿࡍ⏕Ⓨࡽ࠿㟁ᴟࣈࢩࢵࣃ࡜㟁ᴟࣈ࢕ࢸࢡ࢔ࡣࢀ

ᆶ┤㓄ࡢࡇ㸬ࡿࢀࡽ࠼⪄࡜ࡵࡓࡿ࠸࡚ࡗྜࡋᾘࡕᡴࡀ

ࡢᚋࡣẅ┦ࡢ⏺㟁ࡿࡅ࠾࡟ิ 3 ㉳ࡶ࡚࠸࠾࡟ᛶ≉ࡢࡘ
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(a) z ᪉ྥ㊥㞳≉ᛶ  
 

10-4

10-3

10-2

10-1

100

0 20 40 60 80 100 120 140

C
ou

pl
in

g 
co

ef
fic

ie
nt

, k
 o

r k
e

Misalignment, x [mm]

Ỉᖹ㓄ิ㟁⏺⤖ྜᆺ
ᆶ┤㓄ิ㟁⏺⤖ྜᆺ

☢⏺ඹ㬆ᆺ
10-4

10-3

10-2

10-1

100

0 20 40 60 80 100 120 140

C
ou

pl
in

g 
co

ef
fic

ie
nt

, k
 o

r k
e

Misalignment, x [mm]

Ỉᖹ㓄ิ㟁⏺⤖ྜᆺ
ᆶ┤㓄ิ㟁⏺⤖ྜᆺ

☢⏺ඹ㬆ᆺ

(b) x ᪉ྥ㍈ࣞࢬ (z = 10 mm) 
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(c) y ᪉ྥ㍈ࣞࢬ (z = 10 mm) 
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(d) ࣮ࣚ᪉ྥゅᗘࣞࢬ (z = 10 mm) 
ᅗ 6 ⤖ྜಀᩘ఩⨨≉ᛶࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝ  

 
-23-



 
  
 

 

㸬ࡿࡁᐹ࡛⪄࡜ࡿ࠸࡚ࡗࡇ  

4.2.2. ㍈ࣞࢬ (x ᪉ྥ ) ≉ᛶ  
Ỉᖹ㓄ิ㟁⏺⤖ྜᆺࡀᖖࡶ᭱࡟㧗࠸⤖ྜಀᩘࢆ♧

ࡣࢀࡇ㸬ࡓࡋ x ᪉ྥࡣ࡚࠸࠾࡟⤖ྜಀᩘࣟࢮࡢⅬࡢཎ

ᅉࡿ࡞࡜㟁⏺ࡢ཯㌿ࡀ㉳ࡿࢀࡽ࠼⪄࡜ࡵࡓ࠸࡞ࡽࡇ㸬

ᆶ┤㓄ิ㟁⏺⤖ྜᆺ࡛ࡣ☢⏺ඹ㬆ᆺࡶࡾࡼᑠࣞࢬ࠸ࡉ

ඹ㬆ᆺ࡛⏺☢ࡣࢀࡇ㸬ࡓࢀ⌧ࡀⅬࣟࢮ࡚࠸࠾࡟⨨఩ࡢ

࡟ࡉࡁ኱ࡢ㏦㟁ჾ඲యࡀ㊥㞳ࡢ࡛ࡲ⨨཯㌿఩ࡢ⏺☢ࡣ

ẚ౛࡞࠺ࡼࡿࡍ☢⏺ศᕸࡀస࡟ࡢࡿࢀࡽᑐࠊࡋ㟁⏺⤖

ྜᆺ࡛ࠊࡣ㟁⏺ࡢ཯㌿఩⨨ࡢ࡛ࡲ㊥㞳ࡀ㏦㟁ჾ඲య࡛

ࡿࡍẚ౛࡟ࡉࡁ኱ࡢ㟁ᴟࣈ࢕ࢸࢡ࢔࠸ࡉᑠࡾࡼࡃ࡞ࡣ

㸬ࡿࢀࡽ࠼⪄࡜ࡵࡓࡿࢀࡽసࡀ㟁⏺ศᕸ࡞࠺ࡼ  

4.2.3. ㍈ࣞࢬ (y ᪉ྥ ) ≉ᛶ  
Ỉᖹ㓄ิ࡜ᆶ┤㓄ิࡢ୧᪉ࡢ㟁⏺⤖ྜᆺ࡚࠸࠾࡟

☢⏺ඹ㬆ࡶࡾࡼᑠࡢࣞࢬ࠸ࡉ఩⨨࡛ࣟࢮⅬ࠸࡚ࢀ⌧ࡀ

ࡶ࡚ࡗ࠶Ỉᖹ㓄ิ࡛ࡣࢀࡇ㸬ࡿ y ᪉ྥ࡛ࠊࡣ㟁⏺ࡢ཯

㌿఩⨨ࡀ㏦㟁ჾ඲య࡛ࡾࡼࡃ࡞ࡣᑠ࠸ࡉ༢యࡢ㟁ᴟࡢ

኱࡟ࡉࡁẚ౛ࡿࡍ㊥㞳࡞࠺ࡼࡿࡁ࡛࡟㟁⏺ศᕸࡀసࡽ

㸬ࡿࢀࡽ࠼⪄࡜ࡵࡓࡿࢀ  

4.2.4. ゅᗘࣞࢬ (࣮ࣚ᪉ྥ ) ≉ᛶ  
Ỉᖹ㓄ิ㟁⏺⤖ྜᆺ࡟ࡳࡢ 180 ᗘẖࣟࢮࡢⅬࡀぢࡽ

ࡀ㟁㟁ᴟཷࡣゅᗘ࡛ࡢࡽࢀࡇ㸬ࡓࢀ 2 ࡢ㏦㟁㟁ᴟࡢࡘ

㛫ࢆᶫΏ࡞࠺ࡼࡿࡍࡋ㓄⨨ࠊࡾ࡞࡟ᮏ᮶࣏࣮ࢆࢺ㏻ࡗ

࡚㈇Ⲵ࡬㏻ࡿࡌ᪉ྥ࡬ὶࡁ࡭ࡿࢀ㟁ὶཷࡀ㟁㟁ᴟෆ࡛

㸬ࡿࢀࡽ࠼⪄࡜ࡵࡓ࠺ࡲࡋ࡚ࡋࢺ࣮ࣙࢩ  
 

ࡵ࡜ࡲ .5  
☢⏺ඹ㬆ᆺྠ࡜ᵝࡢ↓ḟඖࢱ࣮࣓ࣛࣃゎᯒ࠺⾜ࢆ

㟁⏺⤖ྜᆺࡢホ౯ᡭἲࢆᥦ᱌࡚ࡗࡼ࡟ࢀࡇࠊࡋ㟁⏺⤖

ྜᆺࡢఏ㏦ຠ⋡ࡣ☢⏺ඹ㬆ࡃࡌྠ࡜ࢀࡑࡢ Q ྜ⤖࡜್

ಀᩘ࡟౫Ꮡ࡚ࡗࡼࠊ࡜ࡇࡿࡍ୧᪉ᘧࡢ఩⨨≉ᛶࡢẚ㍑

࡟࠿ࡽ᫂ࢆ࡜ࡇࡿ࠶࡛⬟ྍ࡚ࡗࡼ࡟ẚ㍑ࡢಀᩘྜ⤖ࡣ

㸬ࡓࡋ  
⏺㟁ࡾࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩἲࢺ࣓࣮ࣥࣔ࡟ࡽࡉ

⤖ྜᆺࡢ⤖ྜಀᩘࢆ☢⏺ඹ㬆ᆺ࡜ẚ㍑ホ౯ࠊࡋ௨ୗࡢ

㸬ࡓᚓࢆᐹ⪄࡞࠺ࡼ  
Ỉᖹ㓄ิ㟁⏺⤖ྜᆺࠊࡣ z ᪉ྥࡢ㊥㞳࡚࠸ࡘ࡟☢⏺

ඹ㬆ࠊࡢ➼ྠ࡜x ᪉ྥࡢ㍈࡚࠸ࡘ࡟ࣞࢬ☢⏺ඹ㬆ୖࢆ

ᅇࡿ≉ᛶࡓࡋ♧ࢆ㸬୍᪉ࠊゅᗘ180ࠊ࡚࠸ࡘ࡟ࣞࢬrࡈ

㸬ࡓࡋ♧ࢆᛶ≉ࡘࡶࢆ㞽Ⅼ࡟࡜  
ᆶ┤㓄ิ㟁⏺⤖ྜᆺࡣゅᗘࡁࡒࡢࢆࣞࢬỈᖹ㓄ิ

㟁⏺⤖ྜ࡜☢⏺ඹ㬆ࢆୗᅇࡿ≉ᛶࠊࡀࡓࡋ♧ࢆゅᗘࢬ

ᅇୖࢆỈᖹ㓄ิ㟁⏺⤖ྜᆺࡎࡓᣢࢆ㞽Ⅼࡣ࡚࠸ࡘ࡟ࣞ

㸬ࡓࡋ♧ࢆᛶ≉ࡿ  
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