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Design Method for Increasing The Input Power of Capacitive Power Transfer and Improving Efficiency 

Koki Ichiyanagi㸨, Takehiro Imura, (Tokyo University of Science)  
 

In recent years, there has been a lot of research on capacitive power transfer, most of which involves power 
transmission at high frequencies. In this paper, the efficiency and input power equations in capacitive power 
transfer are analyzed and the input power design method is discussed. It is also found that the input power is 
proportional to the frequency and the coupler capacitance, so the input power can be increased using this 
relationship, and the transmission efficiency is higher if the internal resistance is smaller. 
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1.�  ࡟ࡵࡌࡣ

㏆ᖺ࡛ࡣQiつ᱁ࡅྥ࢛ࣥࣇࢺ࣮࣐ࢫࡓ࠸⏝ࢆ඘㟁ᶵჾࡀ

㈍኎ࡢࡑࠊࡀࡿ࠸࡚ࢀࡉከ࡚࠸⏝ࢆྜ⤖⏺☢ࡀࡃ㟁ຊఏ㏦

ࡿ࠸࡚ࡗ⾜ࢆ 㟁⏺⤖ྜ᪉ᘧࠊ᪉୍ࠋ[1] CPT㸦Capacitive 
Power Transfer㸧ࡣ㔠ᒓᯈࢆ㏦ཷ㟁ࡓࡿ࠸⏝࡚ࡋ࡜ࣛࣉ࢝

㟁⏺⤖ྜ᪉ᘧࡓࡲࠋࡿ࠶Ᏻ౯࡛࡚ࡋẚ㍑࡜᪉ᘧྜ⤖⏺☢ࠊࡵ

࡜᪉ᘧྜ⤖⏺☢ࠊࡃᙉ࡟ຠ⋡పୗࡸ⇕Ⓨࡿࡼ࡟≀␗㔠ᒓࡣ

ẚ㍑࡚ࡋⰋ࠸ⅬࡀᏑᅾࠋ[4]-[2]ࡿࡍ 
⌧ᅾ㟁⏺⤖ྜ᪉ᘧࡣ㧗࿘Ἴ㸦ᩘⓒ kHz ࡽ࠿ MHz ௨ୖ㸧

ఏࡢ㧗࿘Ἴ࡛ࠊࡋ࠿ࡋࠋ[7]-[5]ࡿ࠸࡚ࢀࢃ⾜࡟ࢇ┒ࡀఏ㏦ࡢ࡛

㏦ࡀ୺ὶ࡛ࡾࡲ࠶ࡣ⏤⌮ࡿ࠶ศࠊࡎࡽ࠾࡚ࡗ࠿㟁※ࡢฟຊ

㟁ຊ࡜࿘Ἴᩘࣛࣉ࢝࡜ᐜ㔞ࡢ࡜㛵ಀᛶࡀ᫂☜࡞࠸࡚ࡗ࡞࡟

࠿࠿࡟㛫ࣛࣉ࢝ࠊࡋࢆᕤኵ࡟ൾᅇ㊰⿵ࡣ࡛[9]ࠊ[8]⫣ᩥࠋ࠸

ࠊᩥ࠸⾜ࢆ኱㟁ຊ໬࡛࡜ࡇࡿࡍࡃࡁ኱ࢆ㟁ᅽࡿ ᭱ࡣ࡛[10]⫣

㐺㈇Ⲵࢆㄪᩚ࡛࡜ࡇࡿࡍຠ⋡᭱ࡢ኱໬୍ࠋࡿ࠸࡚ࡗ⾜ࢆ᪉

࡛ࡲࢀࡇࡀ✲◊ࡢ࡚࠸ࡘ࡟タィ᪉ἲࡿࡍࡃࡁ኱ࢆ㟁ຊࠊ࡛

ࠊ⋠ຠ࡜࿘Ἴᩘࡢఏ㏦ࡿࡅ࠾࡟㟁⏺⤖ྜ᪉ᘧ࡚ࡗࡼࠋ࠸࡞࡟

㟁※ࡢฟຊ㟁ຊࡢ㛵ಀࢆồࢆ࣒ࢬࢽ࣓࡛࢝࡜ࡇࡿࡵゎ᫂ࡋ

 ࠋࡃ࠸࡚

2.� S-Sᅇ㊰ࡢᘧࡢᑟฟ 

ඹ᣺࡟ิ┤ࢆࣝ࢖ࢥධࡿࢀ S-S ᅇ㊰ࡢ➼౯ᅇ㊰ࡣ Fig. 1
ඹࡣෆ㒊᢬ᢠࡢࢺ࣮ࣞࣉ㔠ᒓࠋࡿࡁ࡛ࡀ࡜ࡇࡍ⾲࡟࠺ࡼࡢ

᣺⏝ࡢࣝ࢖ࢥෆ㒊᢬ᢠ࡜ẚ㍑࡚ࡋ༑ศ࡟ᑠࠊࡵࡓ࠸ࡉ㔠ᒓ

 ࠋࡿࡍ࡜ࡢࡶ࠸࡞ࡋ៖⪄ࢆෆ㒊᢬ᢠࡢࢺ࣮ࣞࣉ
➼౯ᅇ㊰ࡽ࠿ຠ⋡ η࡜㟁※ࡢฟຊ㟁ຊ P1ࡢᘧࢆᑟฟࡿࡍ

ࠊ᭱ࡓࡲࠋࡿ࡞࡟࠺ࡼࡢᘧ(5)~(1)ࡢ௨ୗ࡜ 㐺㈇Ⲵ RLopt(6)ࡣ
ᘧࠋࡿ࡞࡟࠺ࡼࡢ 

 

 
ᅗ 1� CPT ࡢ S-S ➼౯ᅇ㊰ 

Fig. 1� S-S equivalent circuit diagram of CPT 
 

ᅗ 2�  㛵ಀࡢෆ㒊᢬ᢠ࡜ࢫࣥࢱࢡࢲࣥ࢖ࡢࣝ࢖ࢥ
Fig. 2� Relationship between coil inductance and 

internal resistance 
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㟁※ࡢฟຊ㟁ຊࡢᘧࡾ࡞࠿ࡀ↹㞧ࠊࡵࡓࡿ࡞࡜ࡢࡶ࡞௨

ୗࡢ᮲௳(7)~(9)ᘧࢆ௦ධࠊ࡛࡜ࡇࡿࡍ⡆༢໬ࡍ࡜ࡢࡶࡿࡍ

 ࠋࡿ

ܮ ൌ ଵ
஼ఠమ          (7) 

ଵܥ ൌ ଶܥ ൌ  (8)         ܥ
ܴଵ ൌ ܴଶ ൌ Ͳ�ȳ         (9) 
ฟຊ㟁ຊࡢ※㟁ࡓࡋᑟฟ࡚࠸⏝ࢆ௳᮲ࡢࡽࢀࡇ P’1 ࡣᘧࡢ

(10)ᘧࠋࡿ࡞࡜ 

ଵܲ
ᇱ ൌ ௏మ

ඨ ೖమ
ഘమ಴మ൫భషೖమ൯

         (10) 

ࠊ࡛݇ࡇࡇ ൏ ͲǤ͵ࡢሙྜ࡟ͳ െ ݇ଶ ൎ ͳ(10)࡜ࡿࡍ࡜ᘧ(11)ࡣᘧ
 ࠋࡿࡏ⾲࡟࠺ࡼࡢ

ଵܲ
ᇱ ൌ ௏మ

ට ೖమ

ഘమ಴మήభ

ൌ ఠ஼
௞
ܸଶ   (11) 

(11)ᘧࡽ࠿ධຊ㟁ຊࡣ࿘Ἴᩘࣛࣉ࢝࡜ᐜ㔞࡟ẚ౛࡜ࡇࡿࡍ

ࣉ࢝࡜࿘Ἴᩘࡣ࡟ࡵࡓࡿࡍ኱㟁ຊ໬ࠊࡾࡼ࡟ࢀࡇࠋࡿ࠿ศࡀ

ࣛᐜ㔞ࢆ኱ࡀ࡜ࡇࡿࡍࡃࡁᚲせ࡛ࠋࡿ࠶ 

3.� ຠ⋡࡜ධຊ㟁ຊࡢ⌮ㄽィ⟬ 

ඹ࡚ࡗࡼ࡟ඹ᣺࿘Ἴᩘࠊ࡟ࡁ࡜ࡓࡋ࡜ᐃ୍ࢆᐜ㔞ࣛࣉ࢝

᣺ࡣࢫࣥࢱࢡࢲࣥ࢖ࡢࣝ࢖ࢥኚ໬ࡢࣝ࢖ࢥࠊࡵࡓࡿࡍෆ㒊

᢬ᢠࡶኚ໬ࡢࣝ࢖ࢥࠊ࡚ࡗࡼࠋࡿࢀࡽ࠼⪄࡜ࡢࡶࡿࡍෆ㒊᢬

ᢠࡢኚ໬ࢆ⪃៖᳨࡟ࡵࡓࡿࡍウẁ㝵ࢫࣥࢱࢡࢲࣥ࢖࡚ࡋ࡜

ࡿ࡞␗ࡢ 2 ࣥࢱࢡࢲࣥ࢖ࡢࣝ࢖ࢥࠊ࡚ࡋసᡂࢆࣝ࢖ࢥࡢࡘ

ࢲࣥ࢖ࡢࣝ࢖ࢥࠊࡓࡲࠋࡓࡵồࢆ㛵ಀᘧ(12)ࡢෆ㒊᢬ᢠ࡜ࢫ

ࢆࡢࡶࡓࡋ♧ࢆ㛵ಀࡢෆ㒊᢬ᢠ࡜ࢫࣥࢱࢡ Fig. 2  ࠋࡍ♧࡟
ݎ ൌ ͲǤͲͲͻͷܮ ൅ ʹǤͲ�ሾȳሿ   (12) 
ᘧ(1)(2)ࡢධຊ㟁ຊࡢ※㟁࡜⋠ຠ࡛࠼࠺ࡓࡋ៖⪄ࢆࡽࢀࡇ

ࡽ࠿ Mathematica ࡁ࡜ࡢࡇࠊ࠾࡞ࠋࡓࡗ⾜ࢆゎᯒ࡚࠸⏝ࢆ

ଵܥ �ൌ ଶܥ� �ൌ �ͳͶͲ��	݇ࠊ� ൌ �ͲǤͳܸࠊ� ൌ �ͳͲͲࠋࡓࡋ࡜�� 
(7)ᘧ(12)࡜ᘧࡽ࠿ඹ᣺࿘Ἴᩘࡀప࠸ሙྜ࡟ෆ㒊᢬ᢠࡀ኱

Fig. 3ࠊ࡚ࡗࡼࠋࡿ࠿ศࡀ࡜ࡇࡿ࡞ࡃࡁ ቑຍࡢෆ㒊᢬ᢠࡽ࠿

Fig. 4ࠊࡓࡲࠋࡿ࠿ศࡀ࡜ࡇࡿࡍపୗࡣ⋠ఏ㏦ຠ࡚ࡗࡼ࡟ ࠿

ࡅཷࢆᙳ㡪ࡢෆ㒊᢬ᢠࡢࣝ࢖ࢥࡾࡲ࠶ࡣධຊ㟁ຊࡢ※㟁ࡽ

ࡓࡿࡍド᳨ࢆጇᙜᛶࡢᘧ(11)ࠊࡓࡲࠋࡿࢀྲྀࡳㄞࡀ࡜ࡇ࠸࡞

ࠊࡓࡲࠋࡍ♧࡟௨ୗࢆᯝ⤖ࡓࡗ⾜ࢆゎᯒ࡚࠸⏝ࢆᘧ(2)ࠊ࡟ࡵ

݇ࡁ࡜ࡢࡇ ൌ ͲǤͳܸࠊ ൌ ͳͲͲྛࡢࡑࠋࡓࡋ࡜��Ⅼࢱ࣮࣓ࣛࣃࡢ

ࢆ Table 1  ࠋࡍ♧࡟
Fig. 5㹼7ࠊTable 1 ࿘࡜ᐜ㔞ࣛࣉ࢝ࡣධຊ㟁ຊࡢ※㟁ࡽ࠿

Ἴᩘ࡟ẚ౛ࡀ࡜ࡇࡿࡍㄞࠋࡿࢀྲྀࡳ 
 

�

ᅗ 3� ຠ⋡ࡢ➼್⥺ᅗ� � � � � � � � � � � � � � � ᅗ 4� 㟁※ࡢධຊ㟁ຊࡢ➼್⥺ᅗ 
Fig. 3� Efficiency contour map� � � � � � � � � � � � �  Fig.4 Input power contour map  
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ᅗ 5� ᐜ㔞 C ฟຊ㟁ຊ࡜ P1  㛵ಀ(f =500 kHz)ࡢ
Fig.5�  Relationship between capacitance and input 

 

 
ᅗ 6� ᐜ㔞 C ฟຊ㟁ຊ࡜ P1  㛵ಀ(f =1 MHz)ࡢ

Fig.6� Relationship between capacitance and input 
 

 
ᅗ 7� ࿘Ἴᩘ f ฟຊ㟁ຊ࡜ P1ࡢ㛵ಀ(C =140 pF) 

Fig.7�  Relationship between frequency and input 
 

4.� ᐇ㦂ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩ࡜ẚ㍑ 

ᐇ㦂ࠊࡾࡼ࡟࡜ࡇ࠺⾜ࢆTable. 1 ࡍド᳨ࢆጇᙜᛶࡢ್ࡢ

ࢆ⨨ᐇ㦂⿦ࠋࡿ Fig. 8 ࡣᐇ㦂⣔ࡢࡇࠋࡍ♧࡟ 4 ᯛࡢ㔠ᒓࣉ

ࣃࣕ࢟ൾ⿵ࠊࢱࢡࢲࣥ࢖ൾ⿵ࠊࣛࣉ࢝㏦ཷ㟁ࡓ࠸⏝ࢆࢺ࣮ࣞ

ᕫᐜ㔞⮬ࡣᮏᐇ㦂࡛ࠋࡿ࠶ᅇ㊰࡛ࡿ࡞ࡽ࠿᢬ᢠ㈇Ⲵࠊࢱࢩ

࡜௜௡ଶܥࠊ�௜௡ଵܥᕫᐜ㔞⮬ࡿࡍᮏ᮶᭷ࡀࣛࣉ࢝㏦ཷ㟁ࡣଶܥࠊ�ଵܥ
⿵ൾܥࢱࢩࣃࣕ࢟௘௫ଵܥࠊ௘௫ଶࠋࡿ࠸࡚࠸⏝ࢆᐇ㦂࣮࣓ࣛࣃྛࡢ

ࢆࢱ Table 2  ࠋࡍ♧࡟
࣑ࢩ࡜ᐃ⤖ᯝ ࡓࡗ⾜࡚࠸⏝ࢆࢱ࣮࣓ࣛࣃᐇ㦂ࡢࡽࢀࡇ

ࢆィ⟬⤖ᯝࡢࣥࣙࢩ࣮ࣞࣗ Table 3 Table 3ࠋࡍ♧࡟ ᯝ⤖ࡢ

ܥࡽ࠿ ൌ ͳͶͲ��	ࡢࡁ࡜ࡢ⤖ᯝࡀィ⟬࡜ẚ㍑࡜ࡇࡿ࡞␗࡚ࡋ

࠸࡚ࡋ㉳ᅉ࡟࡜ࡇࡿ࠸࡚ࢀࡎࡀඹ᣺ࡣࢀࡇࠋࡿࢀྲྀࡳㄞࡀ

݂ࠋࡿࢀࡽ࠼⪄࡜ࡿ ൌ ͶͺͶ���ߟࠊࡁ࡜ࡢ� ൌ ͻ͹ǤͲΨࠊ ଵܲ ൌ
Ͷͷ͹ǤͲࡾ࡞࡜��� ᐃ⤖ᯝ݂ࠊࡓࡲࠋࡿࡍ⮴୍ࡰ࡯࡜ ൌ
ͻͺ͸���ߟࠊࡁ࡜ࡢ� ൌ ͻͷǤͷΨܲࠊ ଵ ൌ ͻ͵ͳǤͲࡶࡽࡕࡇࡾ࡞࡜���

 ᐃ⤖ᯝࠋࡿࡍ⮴୍ࡰ࡯࡜ 
ࡋ㛵࡟㒊ศࡿ࠸࡚ࡗ࡞ࡃ㧗࡟≉ࡀߟ⋠ຠࡢᐃ⤖ᯝ ࠊࡓࡲ

ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡀෆ㒊᢬ᢠࡢࣝ࢖ࢥࡓ࠸⏝ᐇ㦂࡛ࠊ࡚

ィ⟬࡛⏝ࡶࡾࡼࡢࡶࡓ࠸ᑠࡼ࡟࡜ࡇࡓ࠸࡚ࡗ࡞࡜ࡢࡶ࠸ࡉ

 ࠋࡿࢀࡽ࠼⪄࡜ࡔࡢࡶࡿ
௨ୖࡢᐇ㦂⤖ᯝࠊࡽ࠿㟁※ࡢධຊ㟁ຊࡣ࿘Ἴᩘࣛࣉ࢝࡜

ᐜ㔞࡟ẚ౛(11)ࠊ࡛ࡢࡿࡍᘧࡢጇᙜᛶࡀド᫂ࠋࡓࢀࡉ 
�

�

⾲ 1� ຠ⋡࡜㟁※ࡢฟຊ㟁ຊ C = 70 pF , 140 pF , 280 pF 
Table 1� Efficiency and input power C = 70 pF , 140 pF , 280 pF 

ܥ   ൌ ͹Ͳ��	 ܥ ൌ ͳͶͲ��	 ܥ ൌ ʹͺͲ��	 

݂ ൌ ͷͲͲ���� 
 ͵�ሾΨሿ ͻ͵Ǥ͵Ͷ ͻʹǤͷ͸ ͻͲǤͻߟ

ଵܲ�ሾ�ሿ ʹͳǤͺͷ Ͷ͵Ǥ͹Ͳ ͺ͹Ǥ͵Ͷ 

݂ ൌ ͳ���� 
 �ሾΨሿ ͻͷǤ͵ͷ ͻ͵Ǥ͹͸ ͻͲǤͶͻߟ

ଵܲ�ሾ�ሿ Ͷ͵Ǥ͹͵ ͺ͹ǤͶʹ ͳ͹ͶǤ͹ 
 
 

 
ᅗ 8� ᐇ㦂⿦⨨ 

Fig.8� Experimental equipment 
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Table 2� Experimental condition 

ܥ  ൌ ͳͶͲ��	 ܥ ൌ ͳͶͲ��	 ܥ ൌ ʹͺͲ��	 ܥ ൌ ʹͺͲ��	 

݂�ሾ���ሿ ͷͲͲ ͳͲͲͲ ͷͲͲ ͳͲͲͲ 
 ሿ ͳͶͷǤͲ ͳͶͷǤͲ ʹͺͶǤ͹ ʹͺͶǤ͹	�ଵ�ሾܥ

 ሿ ͳ͵ͻǤ͹ ͳ͵ͻǤ͹ ʹͺͲǤͳ ʹͺͲǤͳ	�ଶ�ሾܥ
 ሿ ͳ͸Ǥ͹Ͷ ͳ͸Ǥ͹Ͷ ʹ͸Ǥʹ͹ ʹ͸Ǥʹ͹	�௠�ሾܥ
 ଵ�ሾȳሿ ͹Ǥ͸ͷ͸ ͶǤʹ͵ͷ ͵ǤʹͶͻ ʹǤ͹ͷͶݎ
 ଶ�ሾȳሿ ͺǤͲͻͶ ͶǤͷͺͶ ͵Ǥ͹͹ͳ ʹǤ͹ͺ͹ݎ
 ʹሿ ͹ͳͶǤʹ ͳ͹ͺǤͺ ͵͸͵Ǥͺ ͻͳǤͻ�ଵ�ሾɊܮ
 ሿ ͹ʹʹǤʹ ͳͺͲǤͻ ͵͸͵Ǥ͸ ͻͳǤ͹͸�ଶ�ሾɊܮ
ܴ௅௢௣௧�ሾȳሿ ʹͶͷǤͳ ͳ͵͹Ǥ͹ ͳͳͷǤͲ ͷͶǤͶ͵ 
ܸ�ሾ�ሿ ͳͲ ͳͲ ͳͲ ͳͲ 
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Table 3� Comparison of measurement results and 
calculation results 

 
ܥ ൌ ͳͶͲ��	 ܥ ൌ ʹͺͲ��	 

ィ⟬  ᐃ ィ⟬  ᐃ 

݂ ൌ ͷͲͲ���� 
 �ሾΨሿ ͻʹǤͷ͸ ͻͶǤ͸Ͳ ͻͲǤͻ͵ ͻ͹ǤͶ͸ߟ

ଵܲ�ሾ��ሿ Ͷ͵͹ǤͲ ʹ͹ͳǤͲ ͺ͹͵ǤͶ ͺͳͺǤͲ 

݂ ൌ ͳ���� 
 �ሾΨሿ ͻ͵Ǥ͹͸ ͻͶǤ͵Ͳ ͻͲǤͶͻ ͻ͵Ǥ͹ͳߟ

ଵܲ�ሾ��ሿ ͺ͹ͶǤʹ ͷͲ͵ǤͲ ͳ͹Ͷ͹ ͳ͸͹͸ 
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