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Analysis of Effects from Proximate Objects of Coupling Coils for 
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Abstract� In a wireless power transfer system via magnetic coupling resonance, the resonant frequency of the coils and the 
coupling coefficient between the coils fluctuate by the influence of the proximate objects on the coils. In order to mount this 
system on a vehicle, it is very important to be designed the coils taking this influence into account. In this paper, the influence 
of the proximate object such as a conductor or a dielectric upon the inductance and the coupling coefficient is investigated. 
And the difference of the magnetic near field in relation to the mounted position of the coil is also investigated. 
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ࡵࡌࡣ .1  
㌴ࡸᐙ㟁㸪㟁Ꮚᶵჾࢆ⡆༢㟁ࡿࡍ᪉ᘧ࡚ࡋ㠀

᥋ゐ⤥㟁ࡿ࠸࡚ࢀࢃ⾜ࢇ┒ࡀ✲◊ࡢ㸬㏆ᖺࡣᐇ⏝

࡚ࢀࡽࡵ㐍ࡀᶆ‽άື࡚࠸࠾㸪ᅜෆእ࡚࠼ぢᤣࢆ

ࡢሙྜࡓࡋᦚ㍕ᶍᨃ㌴୧ࢆࣝࢥ㸪㠀᥋ゐ⤥㟁ࡾ࠾

㟁☢Ẽⓗ࡞≉ᛶࡢホ౯ࡿ࠸࡚ࢀࡉ࡞ࡶ [1]㸬  
㠀᥋ゐ⤥㟁ࡢᐇ㝿ࡢ⏝ࡣ࡛࣮ࣥࢩ㸪ࣝࢥ࿘㎶

࿘㎶㌴୧ࡿࡅ࠾ (ᑟయ≀య 㸪㊰㠃ᮦࡸࡇࡿࡍ㏆᥋ࡀ(

㉁ࡀᑟయࡸᆅ㸪࡞ࡇࡿ࠶࡛ࢺࣝࣇࢫᵝ࡞ࠎ

᮲௳ࡿࢀࡽ࠼⪄ࡀ㸬ࣝࢥᵓᡂࣝࢥࡸ࿘ᅖࡢ⎔ቃࡀ

ኚࡿࡍ㸪ඹ୍ࡸࢫࣥࢱࢡࢲࣥࡢࣝࢥḟ -ḟ

㸪୍ࡋኚࡶಀᩘྜ⤖ࡢ㛫ࣝࢥ ḟ -ḟࡢࣝࢥ⤖ྜ

≧ែࡀኚࣝࢥྛࡵࡓࡿࡍ᥋⥆ࢲ࣮ࣆࣥࡿࢀࡉ

㸬ࡿ࠶ࡀᚲせࡿࡍࢆ⟭ィ࡚ࡋタィࢆᅇ㊰ྜᩚࢫࣥ  
㠀᥋ゐ⤥㟁ࡢศ㔝࡛ࣝࢥࢻࣀࣞࢯࡣ༢యࡢ≉

ᛶ㛵ࡣ࡚ࡋሗ࿌ ࡢ࿘ᅖࡢࣝࢥ㸪ࡀࡿ࠸࡚ࢀࡉ[2,3]

᮲௳ࡢᙳ㡪ࢆ⪃៖ࡓࡋ◊✲ሗ࿌࠸࡞ࢇࡣ㸬ࡇࡑ

࡛ᮏ◊✲࡛ࡣ㠀᥋ゐ⤥㟁࠺⾜ࢆ࿘ᅖ⎔ቃࡀኚࡓࡋሙ

್ࡢࡽࢀࡑ㸪ኚࡢಀᩘྜ⤖ࡸࢫࣥࢱࢡࢲࣥࡢྜ

㸬ࡓࡋゎᯒ࡚ࡋ㛵ᙳ㡪ࡢ⏺☢㏆ഐࡢ  
ࡎࡲ 2 ࡢᆅᑟయࡢ㏆ഐ࡚࠸࠾༢యࣝࢥ࡛❶

ᙳ㡪ࢆ㏙㸪3 ᛶኚ≉ࣝࢥࡢᶍᨃ㌴୧ᦚ㍕ࡣ࡛❶

ࣝࢥ࿘ᅖࡢ☢⏺ศᕸࡢኚ࡚࠸ࡘ㏙ࡿ㸬4
㸪5࠸⾜ࢆゎᯒࡢ࡛ࣝࢹࣔ࠸㏆ᐇ㌴ࡾࡼ࡛❶ ࡲ࡛❶

ࡢ♫ᰴᘧࣥࣃࣕࢪ࣭ࢫࢩࣥࡣ࡛✏ᮏ࠾࡞㸬ࡿࡵ

᭷㝈せ⣲ἲࡢ㟁☢⏺ࢱ࣮࣑ࣞࣗࢩ HFSSTM  㸬ࡓ࠸⏝ࢆ
ᛶゎᯒ≉ࡢ༢యࣝࢥ 2  

2.1 ᙳ㡪ࡢ㠃ᑟయᯈ⫼ࡢ༢యࣝࢥ  
㠀᥋ゐ⤥㟁ࣝࢥ༢యࡢゎᯒࣔࢆࣝࢹᅗ 1(a)ࡍ♧㸬

㸬ᩥࡓࡋࣝࢥࢻࣀࣞࢯࡣᵓᡂࡢ༢యࣝࢥ ⊩ [1]
㸪ࡋ୍ྠࡣࢬࢧࡢࣝࢥḟࣝࢥḟ୍⪄ཧࢆ

ᶓࡣࢬࢧࢥ 400mm×⦪ 400mm×ཌࡉ 10mm ࡋ

ᩘࡁᕳࡢࣝࢥ㸬ࡓ 10㸪☢ᛶయ ࢺ࢙ࣛࣇ) ẚࡢࢥ(

㏱☢⋡ µr ࡣ 1800 ࢥࢻࣀࣞࢯ࡞࠺ࡼࡢࡇ㸬ࡿ࠶࡛

㸪ࡵࡓࡿࡏࡉቑຍࡾࡼࢆሙྜ㸪⤖ྜಀᩘࡿ࠸⏝ࢆࣝ

ࡾ࠾࡚ࢀࡉሗ࿌ࡀ᪉ἲࡿࡍ⨨㓄ࢆᑟయᯈ㠃⫼ࣝࢥ

[2,3]㸪ᮏ✏ࡶ࡚࠸࠾ᅗ 1(b)ࡍ♧⫼㠃㔠ᒓᯈ (5mm
ཌ ࠸ࡘᙳ㡪ࡢ㠃ᑟయᯈ⫼ࡢࡇࡣ㸬ᮏ⠇࡛ࡓࡋ⨨㓄ࢆ(

࡚ゎᯒࡿࡍ㸬ࡎࡲ㸪ᅗ 1 ᵓᡂ࡛⫼㠃ᯈࡢ 1 ㎶ࡢࡉࡁ

d ᅗࢆኚࡢࢫࣥࢱࢡࢲࣥࡢࣝࢥḟ୍ࡿࡍᑐ 3
ḟ୍ࡓࡲ㸪ࡍ♧ -ḟࣝࢥ㛫ࡢ⤖ྜಀᩘ k ࢆኚࡢ

ᅗ 4 ࡣ㸬ゎᯒ࿘Ἴᩘࡍ♧ 85kHz 㸬ࡓࡋ  
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ᅗ 5 ౯ᅇ㊰➼ࡢ㠃ᑟయᯈ⫼ࣝࢥ  
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 (b)⫼㠃ᑟయᯈࢆຍࡓࡋሙྜ  

ᅗ 6 Ⓨ⏕☢⏺ࡢ⫼㠃ᑟయᯈࡢᙳ㡪  
 

ᅗ 2,3 ࡃ࠸࡚ࡋࡃࡁࢆ㸪⫼㠃ᑟయᯈࡽᯝ⤖ࡢ

ࡀࡇࡿࡍቑຍࡀ㸪⤖ྜಀᩘࡋపୗࡣࢫࣥࢱࢡࢲࣥ

ᅗࡣ㠃ᑟయᯈ⫼㟁ຊఏ㏦ࡣࢀࡇ㸬ࡿࢃ 4 ࡼࡢ

㸬ࡿ࠶ཎᅉ࡛ࡀࡇࡿ࠸࡚ࢀὶࡀ㟁ὶ ࠺  
 ࡢࣝࢥࡵࡓࡿࡍㄝ᫂ࢆపୗࡢࢫࣥࢱࢡࢲࣥ

㟁ὶືࡢసࢆ➼౯ᅇ㊰࡛⾲ࡍᅗ 5 ࡇ㸬ࡿ࡞࠺ࡼࡢ

ࢆࢫࣥࢱࢡࢲࣥࡢࣝࢥࢻࣀࣞࢯ࡛ࡇ L1㸪⫼㠃ᑟ

యᯈࡢ➼౯ࢆࢫࣥࢱࢡࢲࣥ L2㸪ࡢࡽࢀࡑ┦ࢲࣥ

ࢆࢫࣥࢱࢡ M ࡣࢫࣥࢱࢡࢲࣥᡂྜࡢࡑ㸪ࡿࡍ

2/1'1 2 LMLL −= 㸬ࡿ࡞ 2/0 2 LM< 㸪ᑟࡵࡓࡿ࠶࡛

యᯈࡀຍࡿࢀࡉ㸪ࡣࢫࣥࢱࢡࢲࣥపୗࡿࡍ㸬ᑟ

యᯈࡀࡾ࡞ࡃࡁ㸪d=800mm ௨ୖ࡛ࣥࢱࢡࢲࣥࡣ

⏕Ⓨᑟయᯈࡣࢀࡇ㸬ࡿ࠸࡚ࡗ࡞ࡃ࡞ࡰࡣపୗࡢࢫ

ࣝࢥࡃከࡀࡢࡶࡿࡍ⏕Ⓨ㏆ഐࣝࢥࡣ㟁ὶ ࡿࡍ

ࡋᑐࢫࣥࢱࢡࢲࣥࡣᑟయࡿࡅ࠾⨨ࡓࢀ㞳ࡽ

࡚ࡗ㸬ᚑࡿࢀࡽ࠼⪄ࡔࡽ࠸࡞ࡋᙳ㡪ࡰᙳ㡪ࡣ࡚

௨㝆ࡢゎᯒ࡛ࡣ d=800mm 㸬ࡓࡋ  
ྠᵝ⤖ྜಀᩘࡢቑຍ㛵ࡣ࡚ࡋ㸪ࣝࢥ༢య࡛ࡣ

ᅗ 6(a)࠺ࡼࡢᗈࡀ⏺☢ࡓ࠸࡚ࡗࡀ⫼㠃ᑟయᯈࢆຍ

⏺☢ᡂྜࡢ㟁ὶ ࡓࡋ⏕Ⓨ㸪⫼㠃ᑟయᯈࡿࡍ

ཎᅉࡀࡇࡿࡍ㞟୰ᑐ᪉ྥᑟయᯈࡀ⏺☢㸪ࡾ࡞

ᑐ⏺☢ࡿࡍ⏕Ⓨࡢࣝࢥࡕࢃ࡞ࡍ㸬ࡿࢀࡽ࠼⪄

ᑐഃ㸪ᑟయᯈࡋῶᑡࡀྜࡢ⏺☢ࡢᑟయᯈഃࡿࡍ

ࡇࡿࡍቑຍࡀಀᩘྜ⤖ࡵࡓࡿࡍቑຍࡀྜࡢ⏺☢ࡢ

㸬ࡿ࡞  
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2.2 ᆅࡢᙳ㡪  
ᮏ⠇࡛ࡣタィࢆࣝࢥࡓࡋᆅୖ㓄⨨ࡓࡋሙྜ

ᅗࡣࣝࢹゎᯒࣔࡿࡍ⏝㸬ࡿࡍゎᯒ࡚࠸ࡘᛶ≉ࡢ 7
ᶓୗ㒊ࡢࣝࢥ࠺ࡼࡍ♧ 10m×⦪ 10m×㧗ࡉ 5m
☢ẚ㏱ࡣᛶ≉ࡢ㸬ᆅࡿ࠶࡛ࣝࢹࣔࡓࡋ⨨㓄ࢆᆅࡢ

⋡ µr ࡣ 1㸪ㄏ㟁⋡ εr ࡣ 4㸪ᑟ㟁⋡ σ ࡣ 0.01 S/m ࡋ

ࡓ [4]㸬ᗋ㠃ࡀ⮬⏤✵㛫ࡢሙྜ㸪ᗋ㠃ࡀᆅࡢሙྜࢆ

ẚ㍑ࡿࡍ㸪⾲ 1 ⤖ࢫࣥࢱࢡࢲࣥ㸪ࡾ࡞࠺ࡼࡢ

ྜಀᩘྠࡶ⛬ᗘࡿ࠸࡚ࡗ࡞್ࡢ㸬ࡣࢀࡇᅇࡢ

ࡃࡃࡅཷࢆᙳ㡪ࡢᗋ㠃ࡾࡼ㠃ᑟయᯈ⫼ࡣ࡛ࣝࢥ

ᨭࡀ᪉ࡢྜ⤖ࡿࡼ⏺☢ࡶࡾࡼ⏺㸪㟁ࡇࡿ࠸࡚ࡗ࡞

㓄ⓗ࡛ࡀࡇࡿ࠶ཎᅉ࡛ࡿ࠶㸬  
ᅗ 7 ࡢࣝࢹࣔࡢ xz 㠃ࡿࡅ࠾ 3kW ఏ㏦ࡢ⏺☢ࡢ

ィ⟬⤖ᯝࢆᅗ 8 ࡋ⨨㓄㛫୰✵⏤⮬ࢆࣝࢥ㸬ࡍ♧

ẚ㍑ࢆศᕸ⏺☢ࡢሙྜࡓࡋ⨨㓄㸪ᆅ㠃ୖሙྜࡓ

㸬ࡿࢃࡀࡇࡿ࠸࡚ࡗ࡞ศᕸࡢᵝྠࡿࡍ  
 

⾲ 1 ኚࡢᛶ≉ࣝࢥࡿࡼ࿘ᅖ⎔ቃࣝࢥ  
ᗋ㠃፹㉁≉ᛶ /V� �ȣ+� /V� �ȣ+� N

⮬⏤✵㛫 ����� ����� ������

ᆅ ����� ����� ������
 

� �

ᗋ㠃

x

y

z

10 m

10 m

5 m

 
ᅗ 7 ᗋ㠃ᙳ㡪ゎᯒࣔࣝࢹ  

 

x

z

300

30

3

0.3

☢⏺ A/m ⮬⏤✵㛫

 
(a)⮬⏤✵㛫୰㓄⨨ࡓࡋሙྜ  

�

x

z

ᆅࣔࣝࢹ

⮬⏤✵㛫
300

30

3

0.3

☢⏺ A/m

 
� (b)ᆅୖ㓄⨨ࡓࡋሙྜ  

ᅗ 8 ⮬⏤✵㛫ᆅࣔࡢࣝࢹ☢⏺ศᕸẚ㍑  

3 ᶍᨃ㌴୧ᦚ㍕ࣝࢥࡢ≉ᛶゎᯒ  
3.1 ゎᯒࣔࣝࢹᆅࡢᙳ㡪  
ᛶ≉ࣝࢥࡢሙྜࡓࡋᦚ㍕ᶍᨃ㌴୧ࢆࣝࢥ

ᅗࢆᗙᶆࣝࢹ㸬ゎᯒࣔࡿࡍゎᯒ࡚࠸ࡘ 9 㸬㠀ࡍ♧

᥋ゐ⤥㟁ࡽࣝࢥⓎ⏕ࢆ⏺☢ࡿࡍホ౯ࡿࡍሙྜࡣ㸪

ᗋ㠃ࢆᑟయ࡚ࡋホ౯ࡿࡍ㸬ࡋࡋ㸪㠀᥋ゐ⤥㟁ࡢᐇ

㝿ࡢ⏝ࡣ࡛࣮ࣥࢩ㸪ᗋ㠃ࡀᆅ࡞࠺ࡼࡢ⤯⦕య࡛࠶

ᶍࢆࣝࢥ㠀᥋ゐ⤥㟁࡛ࡇࡑ㸬ࡿࢀࡉᐃࡀࢫ࣮ࢣࡿ

ᨃ㌴୧ᦚ㍕ࡓࡋሙྜࡢᗋ㠃ᮦ㉁ࡢ㐪᳨ࢆ࠸ドࡿࡍ㸬

⦪ࡣࢬࢧᑟయ࡛ࡢ≦ᙧ⟽ࡣᶍᨃ㌴୧࡛ࡇࡇ

1700mm×ᶓ 1700mm×㧗ࡉ 1250mm 㸬ࡓࡋ  
ᮏ୍ࣔࡢ࡛ࣝࢹḟࢫࣥࢱࢡࢲࣥࡢࣝࢥ Ls1 

ḟࢫࣥࢱࢡࢲࣥࡢࣝࢥ Ls2 ಀᩘྜ⤖ k ⤖⟭ィࡢ

ᯝࢆ⾲ 2 ᑟయᯈ㠃⫼ࣝࢥ㸪ࡣ࡛ࣝࢥ㸬ᮏࡍ♧

ࢱࢡࢲࣥࡶ࡚ࡋຍࢆ⟽㸪ᶍᨃ㌴୧ᑟయࡵࡓࡿ࠶ࡀ

㸬࠸࡞ࢇࡣኚࡢಀᩘྜ⤖ࡸࢫࣥ   
 

ᶍᨃ㌴୧ᑟయ⟽

☢⏺ศᕸほ ⥺

ᗋ㠃

x

y

z

$
%

& '

 
 ᅗ 9  㠀᥋ゐ⤥㟁ࣝࢥ㌴㍕ࡢゎᯒࣔࣝࢹ  

 
 
⾲ 2 ᶍᨃ㌴୧ᦚ㍕ࡢࣝࢥᗋ㠃ᮦ㉁ᑐࡿࡍኚ  

ᗋ㠃፹㉁≉ᛶ /V� �ȣ+� /V� �ȣ+� N

ᆅ ����� ����� ������

ᑟయ ���� ����� ������
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3.2 ᗋ㠃≉ᛶᑐࡢ⏺☢ࡿࡍẚ㍑᮲௳  
ḟᗋ㠃ࡀᆅࡢሙྜᑟయࡢሙྜ࡛ࡢ㏆ഐ☢⏺

࣑ࢩ㸪ᅇ㊰࡚ࡋィ⟬᪉ἲࡢ⏺☢㸬㏆ഐ࠺⾜ࢆẚ㍑ࡢ

ḟ୍ࡓࡵồࡽࢱ࣮ࣞࣗ -ḟࡢࣝࢥ㟁ὶ್㟁ὶ

┦ᕪ࡚࠸⏝ࢆ㸪㟁☢⏺ࢆ⏺☢࡛ࢱ࣮࣑ࣞࣗࢩィ⟬ࡍ

ࡿ࠸࡚ࢀࡉᥦࡀ᪉ἲࡿ [5]㸬ࣝࢥࡣ࡛ࡇࡇ࿘ᅖ⎔ቃ

ࢫࣥࢱࢡࢲࣥࡾࡼኚࡢ L ಀᩘྜ⤖ࡸ k ࡋኚࡀ

㸬ẚ㍑ࡿ㏙࡚࠸ࡘ௳ẚ㍑᮲ࡢ⏺☢ࡿࡅ࠾ሙྜࡓ

ఏ㏦㟁ຊࡣ࡛ୖࡿࡍ P  㸬ࡿࡍࡇࡿ࠼ᥞࢆ௳᮲ྜᩚ
㟁☢⏺ඹᅇ㊰࡚ࡋ㸪ᅗ 10 ࡍ♧ LC ┤ิඹᅇ

㊰ࢆᐃࡿࡍ㸬࡛ࡇࡇᅗ 10 ࡢ r ࡼ㖡ᦆࡢࣝࢥࡣ

ὶᢠ㸪L┤ࡿ 㸪Cࢫࣥࢱࢡࢲࣥࡢࣝࢥࡣ ඹࡣ

ᐜ㔞࡛ࡿ࠶㸬୍ḟࣝࢥḟࣝࢥࡢ୍ྠࡣࣝࢥ

ḟḟ୍ࡣࢱ࣮࣓ࣛࣃࡢࡽࢀࡇ㸪ࡵࡓࡿ࠸࡚࠸⏝ࢆ

࠸㏆࡙ࡀᑟయࡢ࿘ᅖࣝࢥ㸪ࡓࡲ㸬ࡿ࠶୍࡛ྠ࡛

ࢀࡽ㐽ࡾࡼ㠃ᑟయᯈ⫼ࡣᙳ㡪ࡢࡑ㸪ࡶሙྜ࡛ࡓࡁ࡚

㸬ࡿࡍࡿࡁど࡛↓ࡵࡓࡿ  
ࡉ㗦ࡢඹࡢඹᅇ㊰ࡁࡢࡇ Q ࡣ rLQ /ω= ࠶࡛

ࢫࣥࢲ࣮ࣆࣥฟຊࡢࡁ࠸㧗ࡀ⋠ఏ㏦ຠࡶ㸪᭱ࡾ

Ropt㸪ࡓࢀࡀྜᩚࡕࢃ࡞ࡍሙྜ᭱ࡢ㐺㈇Ⲵࡣ㸪௨ୗ

ࡿ࡞࠺ࡼࡢ [6]㸬  

2)(1 kQrRopt += � � � � � �  �   � (1) 

ᐇ㝿࡚࠸࠾ࣝࢥࡢ kωL ࡚ࡋᑐ r ࠸ࡉ༑ศᑠࡣ

㸬ࡿࡁ㏆ఝ࡛࠺ࡼࡢ௨ୗࡣ㸪᭱㐺㈇Ⲵࡵࡓ  

LkLkrRopt ωω ≈+= 22 )( � � � � � � (2) 

ᚑ࡚ࡗ㸪㈇Ⲵࡢᾘ㈝㟁ຊ୍ࢆᐃ್ P ࡓࡋ⟭ィ࡚ࡋ

ሙྜ㸪ࣝࢥ㟁ὶࡣ௨ୗࡿ࡞࠺ࡼࡢ㸬  

LkPI ω/= � � � � � �  �  � �  � (3) 

௨ୖࡽ㸪࿘ᅖ⎔ቃࡢኚࢫࣥࢱࢡࢲࣥࡾࡼ L
ಀᩘྜ⤖ࡸ k ࡣ⏺☢㏆ഐࡢሙྜࡓࡋኚࡀ (3)ᘧࡢ㟁

ὶ್ࢆ㟁☢⏺ࣝࢥࡢୖࢱ࣮࣑ࣞࣗࢩධຊࡇࡿࡍ

㸪ࡁࡢࡇ㸬ࡿࡁ࡛ࡀẚ㍑࡚ࡋ௳᮲ྜᩚࡢ୍ྠ࡛

ḟࣝࢥ㟁ὶࡢ┦୍ࡣḟࣝࢥ㟁ὶࡢ┦ࡽ 90
ᗘ㐜ࡿࡍࡿࢀ [5]㸬  

k

㈇
Ⲵ
R

㟁
※

C C

LL
r r

୍ḟඹᅇ㊰ ḟඹᅇ㊰

 
ᅗ 10 㟁☢⏺ඹᅇ㊰  

 
 

3.3� ᗋ㠃≉ᛶᑐࡿࡍ㏆ഐ☢⏺ࡢẚ㍑  
๓⠇ࡢ᮲௳࡛㏆ഐ☢⏺ࡢィ⟬࠺⾜ࢆ㸬ᅗ 9 ゎᯒࣔࡢ

ᅗࢆᯝ⤖ࡓࡋ⟭ィࢆ⏺☢ࡢᶍᨃ㌴୧࿘ᅖࡢ࡛ࣝࢹ 11
ḟ୍ࡣࡉ㧗ࡢ⥺ 㸬☢⏺ศᕸほࡍ♧ -ḟࡢࣝࢥ୰

ᚰࡢ㧗ࡋࡉ㸪ᶓ᪉ྥࡣᶍᨃ㌴୧ᑟయ⟽ࡽ 20cm 㞳

ࡣ㸬ఏ㏦㟁ຊࡿ࠶㊥㞳࡛ࡓࢀ 3kW 㸬ࡿ࠶࡛  
ࡢࣝࢥࡣ⏺☢ࡢᑟయ⟽࿘ᅖࡽᯝ⤖ࡢࡇ x ㍈ (୰

ᚰ㍈ )᪉ྥࡶ᭱ࡀ࠸ࡁ㸬᭱ࡢࡑ್ࡣᗋ㠃ࡀᑟయࡢሙ

ࡣྜ 11.79 A/m㸪ᗋ㠃ࡀᆅࡢሙྜࡣ 5.18 A/m ࡗ࡞

ࡇࡿ࡞ࡃࡉᑠࡣ⏺☢᭱ࡀ᪉ࡢᆅࡀ㸪ᗋ㠃ࡾ࠾࡚

ᅗࡢࡢࡇ㸬ࡿࢃࡀ 9 ࡢ xz 㠃ࢆ⏺☢ࡢᅗ 12 㸬ࡍ♧

ᅗ 12(a)ࡢ⤖ᯝࡽᗋ㠃ࡀᑟయࡢሙྜ㸪☢⏺ࡣ z>0 ࡢ

⠊ᅖࡋᏑᅾ࠸࡞ࡋ㸬୍᪉࡛ᅗ 12(b)࠺ࡼࡢᗋ㠃

ࣝࢿ࢚Ẽ☢ࡋศᕸࡶᆅෆ㒊ࡣ⏺☢ሙྜ㸪ࡢᆅࡀ

ᅗࡵࡓࡿࢀࡉศᩓᗈ⠊ᅖࡀ࣮ࢠ 11 ᆅୖ㒊࠺ࡼࡢ

㸬ࡿ࡞ࡃࡉᑠࡣ⏺☢ࡢ  

㻜

㻞

㻠

㻢

㻤

㻝㻜

㻝㻞

㻝㻠

㻜 㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥

☢
⏺

㻭
㻛
㼙

☢⏺ศᕸほ ⥺ୖ㊥㞳 㼙

ᗋ㠃ᑟయ ᗋ㠃ᆅ

A B C D A

 
� � � � � � � ᅗ 11 ☢⏺ィ⟬⤖ᯝ  

� �  

x

z

ᶍᨃ㌴୧

ᑟయᗋ

300

30

3

0.3

☢⏺A/m

 
(a)ᗋ㠃ᑟయࡢሙྜ�  

�  

x

z

ᆅࣔࣝࢹ

ᶍᨃ㌴୧

300

30

3

0.3

☢⏺ A/m

 
(b)ᗋ㠃ᆅࡢሙྜ  

ᅗ 12 ☢⏺ศᕸ  
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4.㠀᥋ゐ⤥㟁ࡢࣝࢥ㌴୧ᦚ㍕⨨ࡿࡼㅖ

≉ᛶࡢẚ㍑  
๓❶࡛ࡣ㸪⟽ࢆᶍᨃ㌴୧ࡓࡋሙྜࣝࢥࡢ࿘ᅖࡢ

ᑟయࡸᗋ㠃ࡢᮦ㉁ࣝࢥࡿࡼ≉ᛶࡢኚ㛵࡚ࡋ㏙

࠸㏆ᬑ㏻⏝㌴ࡾࡼࡀࢬࢧࡸ≦ᙧࡣ࡛❶㸬ᮏࡓ

㌴୧ࣔࣝࢹᦚ㍕ࡓࡋሙྜࣝࢥࡢ≉ᛶ☢⏺ศᕸࡢ

ẚ㍑࠺⾜ࢆ㸬㌴୧ࣔࡢࣝࢹእほࢆᅗ 13㸪xz 㠃ࡅ࠾

ᅗࢆ㠃ᅗ᩿ࡿ 14 ࡣ㛗ࡢ㸬㌴୧ࡍ♧ 4500mm ᖜࡣ

1700mm㸪ᗋ㠃ࡣᑟయࡓࡋ㸬  
ᅗࡣ⨨ᦚ㍕ࡢࣝࢥ 14 ᚋ᪉㓄⨨㸪୰ኸ࠺ࡼࡢ

㓄⨨㸪๓᪉㓄⨨ࡢ㸱㏻ࡓࡋࡾ㸬୰ኸ㓄⨨ࡣ㌴యࡢ୰

ኸ  㓄 ⨨ ࡋ 㸪 ᚋ ᪉ 㓄 ⨨ 㸪 ๓ ᪉ 㓄 ⨨  ࡣ ࡑ ࢀ ࡒ ࢀ

1500mm 㸪㌴యࡋᑟయࡣ㸬㌴య㒊ࡓࡋ㛫㝸ࡢ

ᚋ㒊࣮ࣃࣥࣂࡢ㒊ࡣ⤯⦕య࡛ࡵࡓࡿ࠶㟁Ẽᐃᩘࢆタᐃ

㸬࠸࡞࠸࡚ࡋ  
ᮏ࡚ࣔ࠸⏝ࢆࣝࢹ㟁☢⏺ࡽࣥࣙࢩ࣮࣑ࣞࣗࢩồ

ࢫࣥࢱࢡࢲࣥࡢࣝࢥḟ୍ࡓࡵ Ls1㸪ḟࡢࣝࢥ

ࢫࣥࢱࢡࢲࣥ Ls2㸪⤖ྜಀᩘ k ⾲ࢆ 3 㸬ࡍ♧  
 
� � � � � �

x

y

z

☢⏺ศᕸほ ⥺

A

B

C

D

4500mm1700mm

ᗋ㠃

㌴୧ࣔࣝࢹ

 
ᅗ 13 ㌴୧ᦚ㍕ࣝࢥゎᯒࣔࣝࢹ  

� � � � � �

2250mm 2250mm

1500mm1500mm

㌴య㒊

㒊࣮ࣃࣥࣂ

x

z

ᗋ㠃

ᚋ᪉㓄⨨ ୰ኸ㓄⨨ ๓᪉㓄⨨

 
ᅗ ⨨㓄⨨ࣝࢥ  14  

 
 
 
 

 
 
⾲ 3 ㌴୧ᦚ㍕ࣝࢥࡢ≉ᛶ  

⨨㓄ࣝࢥ /V� �ȣ+� /V� �ȣ+� N

ᚋ᪉㓄⨨ ����� ����� ������

୰ኸ㓄⨨ ����� ����� ������

๓᪉㓄⨨ ����� ����� ������
� � � � �  

� � �  

0

2

4

6

8

10

12

14

16

㻜 㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥 㻝㻜 㻝㻝 㻝㻞 㻝㻟 㻝㻠

☢
⏺

A
/m

☢⏺ศᕸほ ⥺ୖ㊥㞳 m

ᚋ᪉㓄⨨ ୰ኸ㓄⨨ ๓᪉㓄⨨

A B C D A

 
� � � � � ᅗ 15 ㌴୧࿘ᅖࡢⓎ⏕☢⏺  

 
ࣥࢱࢡࢲࣥࡶ࡚ࡋኚࡀ⨨㸪ᦚ㍕ࡽᯝ⤖ࡢࡇ

ࢫ Ls1㸪Ls2 㠃ᑟ⫼ࣝࢥࡣࢀࡇ㸬࠸࡞ࡰࡣኚືࡢ

యᯈࢆ㓄⨨ࡿ࠶࡛ࡵࡓࡓࡋ㸬ᮏ࡚࠸⏝ࢆࢱ࣮࣓ࣛࣃ⟬

ฟࡓࡋ㸪ఏ㏦㟁ຊ 3kW ᅗࡢ࡛ 13 ⥺ ศᕸほ⏺☢ࡢ

ᅗࢆ⏺☢ࡿࡅ࠾ 15 ࡣ㸬☢⏺ฟຊࡍ♧ 3 ᵝྠ❶

୍ḟḟࣝࢥ㛫ࡢ୰ᚰࡢ㧗࡛ࡉ㸪㌴୧➃ࡽ 20cm㸪

㞳ࡓࡋୖࣥࣛࡓࢀ㸬  
ᮏ⤖ᯝࡽ㸪ࡢࣝࢥᦚ㍕⨨ࡾࡼ㌴୧࿘ᅖࡢ☢

⏺ᙉᗘࡣኚࡋ㸪๓᪉㓄⨨࡛ࡣ㌴୧๓᪉☢⏺ࡶ᭱ࡀ

ࡃࡁ (13.36A/m)㸪ᚋ᪉㓄⨨࡛ࡣ㌴୧ᚋ᪉☢⏺ࡶ᭱ࡀ

࠸ࡁ (9.94 A/m)㸬୰ኸ㓄⨨࡛ࡣ㌴୧ࡢഃ᪉ࡶ᭱ࡀࡁ

ࡣ್ࡢࡑ㸪ࡀ࠸ 6.39 A/m ⨨ᚋ᪉㓄ࡸ⨨๓᪉㓄ࡾ࠶࡛

 㸬ࡓࡗࢃࡀࡇ࠸ࡉᑠࡿࡍẚ㍑⏺☢᭱ࡿࡅ࠾
� � � � � �  
5� ࡵࡲ  
ᮏ◊✲࡛ࣝࢥࡣ࿘㎶⎔ቃࡿࡼ㠀᥋ゐ⤥㟁ࢥ

ࡋゎᯒࡾࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ⏺☢㟁ࢆᛶኚ≉ࡢࣝ

ࡿࡍ⨨㓄ࢆᑟయᯈ㠃⫼ࣝࢥࢻࣀࣞࢯࡢ㸬༢యࡓ

ቑࡣ㸪⤖ྜಀᩘࡋపୗࡣࢫࣥࢱࢡࢲࣥࡢࣝࢥ㸪

ຍࡀࡇࡿࡍศࡓࡗ㸬ࡽࡇࡢࡇ⫼㠃ᑟయᯈࡼ

ࣝࢥ㸪ࡵࡓࡿࡍ㞟୰ᑐ᪉ྥᑟయᯈࡀ⏺☢ࡾ

ࡢ㏆᥋ࡓࡋᑟయࡢᙳ㡪ࡀࡇࡿࡁ࡛ࡃࡃࡅཷࢆศ

㸬ࡓࡗ  
ḟࢆࣝࢥᶍᨃ㌴୧ࡾྲྀࢫࢡࢵ࣎ࡓࡅሙྜ㸪

ᑟࡀᮦ㉁ࡢ㸪ᗋ㠃ࡃࡁࡶ᭱ࡀ⏺☢ࡢ㍈᪉ྥࡢࣝࢥ

యࡢሙྜẚ㍑࡚ࡋ㸪ᗋ㠃ࡀᆅࡢሙྜࡢ᪉ࡣ⏺☢ࡀ
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ᑠࡀࡇࡿ࡞ࡃࡉศࡓࡗ㸬ࡽࡇࡢࡇ㟁Ἴᬯᐊࡸ

ᐇࠊẚ௳ホ౯᮲ࡢᑟయࡀᗋ㠃ࡢ➼ࢺࢧࣥࣉ࣮࢜

⏝⎔ቃ࡛ࣥࣙࢩࢵ࣑࢚ࠊࡣᙉᗘࡀపῶࡀࡇࡿࢀࡉ

ᐃࠋࡿࢀࡉ  
᭱ᚋ㸪ࡾࡼᐇ㝿ࡢ㌴୧㏆ࡢࣝࢥࣝࢹࣔ࠸

ࡢ๓᪉㸪୰ኸ㸪ᚋ᪉ࢆ⨨ 3 ㏻࡛ࡾ㓄⨨ࢆ⏺☢࡚ࡋィ⟬

ࡽࣝࢹᯝ㸪㌴୧ࣔ⤖ࡢࡑ㸬ࡓࡋ 20cm 㞳ࡓࢀ⨨࡛

ࡣ್᭱ࡢ⏺☢ࡿࡅ࠾⨨㸪ྛ㓄ࡿࡍ⟭ィࢆ⏺☢ࡢ

୰ኸ㓄⨨ࡀ㸪๓᪉㓄⨨ࡸᚋ᪉㓄⨨ẚ㍑ࡶ࡚᭱ࡋపࡃ

㸬ࡓࡗศࡀࡇࡿ࡞   
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[6] ᑠ⣸බஓ (ⴭ )㸪͆ 㟁Ẽ⮬ື㌴ࢫࣞࣖ࣡ࡢࡵࡓࡢ⤥
㟁ࣛࣇࣥᵓ⠏㸪͇ ᇼὒ୍㸪ᶓ⾜㞝 (⦅ )㸪p.10㸪
ฟ∧㸪2011㸬࣮ࢩ࣒࢚࣮ࢩ   

 

-42-


