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◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸Bearingless motors (BelMs) are characterized by integration of 
electrical motors and magnetic bearings. Driving in high-speed rotation and maintenance 
free are expected to these motors. However, super-high-speed bearingless motors are not 
still developed. This research project develops a prototype of a novel super-high-speed 
bearingless motor with 2-pole motor windings and 2-pole suspension windings. In addition, 
it is confirmed that the prototype can realize the stable operation at the super-high-speed 
rotation. 
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ࢫ㸪ࡀࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔࣋ࡢ㢮✀࡞ࠎᵝ࡝
㸪࡚ࡋࡑⲈᇛ኱Ꮫ㸪ࡸᕤ⛉኱Ꮫ㸦ETH㸧ࢫ࢖
❧࿨㤋኱Ꮫࣉ࣮ࣝࢢ✲◊ࡢ࡝࡞㸪ࡣ࡟ࡽࡉ㸪
Levitronix ௻ࡢ࡝࡞㸦ᰴ㸧ⲥཎ〇సᡤࡸ ♫
ᴗ࡟ᡤᒓࡿࡍᅜෆእ࡚ࡗࡼ࡟⪅✲◊ࡢ㸪┒ࢇ
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⏝ࡀࢱ࣮ࣔ㏿㉸㧗࡚࠸࠾࡟ศ㔝࡞ࠎᵝ࡝࡞
ࣔ㏿㉸㧗ࡿ࠸࡚ࢀࡉ⏝ᅾ౑⌧ࠋࡿ࠸࡚ࢀࡽ࠸
㸪☢Ẽ㍈ࡣࡃࡋࡶ㸪ࢢࣥࣜ࢔㸪ᶵᲔ࣋ࡣࢱ࣮
⯡୍ࡀࡢࡿࡍᨭᣢࢆ㸪ᅇ㌿Ꮚ୺㍈࡚࠸⏝ࢆཷ
ⓗ࡛ࠋࡿ࠶๓⪅ࡢሙྜࡣ㸪₶⁥Ἔࡢࡑ࡜₶⁥
Ἔ⏝࣏ࣥࡀࣉᚲせࡾ࡞࡜㸪ᐃᮇⓗࢼࢸ࣓ࣥ࡞
ࡢ⪅㸪ᚋࡓࡲࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡍ࠿Ḟࢆࢫࣥ
ሙྜࡣ㸪ඛ࡟㏙࡟࠺ࡼࡓ࡭㸪኱ᆺ໬㸪㧗౯᱁
໬ࡓࡗ࠸࡜ၥ㢟Ⅼࡢࡽࢀࡇࠋࡿ࠶ࡀၥ㢟Ⅼࢆ
ゎỴ࡟ࡵࡓࡿࡍ㸪࡛࣋ࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔㉸
㧗㏿ᅇ㌿ࢆᐇ⌧ࡀ࡜ࡇࡿࡍᮇᚅࠋࡿ࠸࡚ࢀࡉ
 㸪60,000 r/minࡾ㝈ࡿ▱ࡢ⪅⾲㸪◊✲௦ࡋ࠿ࡋ
ࢀࡉሗ࿌ࡣ஦౛ࡓࡋ⌧ᐇࢆᅇ㌿㏿ᗘࡢ࡛ࡲ
ࡿࢀࡤ࿧࡜㉸㧗㏿ᅇ㌿ࡢ௨ୖࢀࡇ㸪ࡀࡿ࠸࡚
ᅇ㌿㏿ᗘ࡛㸪ᐇ㝿ࢆࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔࣋࡟
㐠㌿ࡓࡋሗ࿌ࡣᮍࠋ࠸࡞࠸࡚ࢀࡉࡔ 
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㸪᪂࡟ࡵࡓࡿࡍ⌧ᐇࢆ㉸㧗㏿ᅇ㌿ࡿࡼ࡟ࢱ࣮
㸪ᅗ࡚ࡋ࡜ᵓ㐀ࢱ࣮ࣔ࡞ࡓ 1 2ࠕࡍ♧࡟ ᴟ㟁
ືᶵ࣭2 ᴟ㍈ᨭᣢᵓ㐀ࢆᣢࡘ㉸㧗㏿Ọஂ☢▼
ᆺ࣋ࢆࠖࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔๓ᖺᗘ࡟࡛ࡲᥦ
᱌ࠋࡿ࠸࡚ࡋ㉸㧗㏿ᅇ㌿ࢆᐇ⌧࡟ࡵࡓࡿࡍὀ
ពࡁ࡭ࡍⅬࡣ㸪㟁ືᶵࡢ㥑ື࿘Ἴᩘࡀ㠀ᖖ࡟
㧗࡜ࡇࡿ࡞ࡃ㸪࡚ࡋࡑ㸪࣮࣋ࣔࢫࣞࢢࣥࣜ࢔
ࡶ㥑ື࿘Ἴᩘࡢ㸪㍈ᨭᣢࡣ࡚ࡗࡼ࡟ᵓ㐀ࡢࢱ
㟁ືᶵࡌྠ࡜࿘Ἴᩘࡵࡓࡿ࡞࡜㠀ᖖ࡟㧗ࡃ
ᇶᮏᵓࡢࢱ㸪࣮ࣔࡣࢀࡇࠋࡿ࠶㸪࡛࡜ࡇࡿ࡞
㐀࡟㉳ᅉࡿࡍὀពⅬ࡛ࡾ࠶㸪ࡢࡇὀពⅬࢆゎ
Ỵ࡟ࡵࡓࡿࡍ㸪᪂࡟ࡓᥦ᱌ࢱ࣮ࣔࡿࡍᵓ㐀ࡣ
௨ୗࡍ♧࡟≉ᚩࢆഛࠋࡿ࠸࡚࠼ 
(1) ┤ὶ㟁ὶࡿࡼ࡟㍈ᨭᣢไᚚ 
ศࡃࡁ㸪኱ࡣᵓ㐀ࡢࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔࣋ 
㥑ື࿘ࡢ㝿㸪㟁ືᶵ࠺⾜ࢆ㸪㍈ᨭᣢไᚚ࡚ࡅ
Ἴᩘ࠸ࡋ➼࡜࿘Ἴᩘࡢ஺ὶ㟁ὶࢆ㍈ᨭᣢᕳ
㥑ືࡢ㸪㟁ືᶵ࡜ࣉ࢖ࢱ஺ὶ㍈ᨭᣢࡍὶ࡟⥺
࿘Ἴᩘ࡟㛵ಀࡃ࡞┤ὶ㟁ὶࢆ㍈ᨭᣢᕳ⥺࡟
ὶࡍ┤ὶ㍈ᨭᣢࡢ ࣉ࢖ࢱ 2 ✀㢮࡟኱ูࢀࡉ
ሙࡓ࠼⪄ࢆ㍈ᨭᣢไᚚࡢ㉸㧗㏿ᅇ㌿ୗ࡛ࠋࡿ
ྜ㸪஺ὶ㍈ᨭᣢࡣ࡛ࣉ࢖ࢱ㸪㟁ືᶵࡢ㥑ື࿘
Ἴᩘ࠸ࡋ➼࡜㠀ᖖ࡟㧗࠸࿘Ἴᩘࡢ஺ὶ㟁ὶ
᪉㸪Ᏻᐃ୍ࠋࡿ࠶ࡀᚲせࡍὶ࡟⥺㍈ᨭᣢᕳࢆ
㟁ὶ࡞㸪㧗⢭ᗘࡣ࡟ࡿࡍ⌧ᐇࢆ㍈ᨭᣢไᚚ࡞
ไᚚࡀ㍈ᨭᣢ㟁ὶ࡟せồࠋࡿࢀࡉ㧗࿘Ἴ㟁ὶ
ࡿ࠼⪄ࢆ࡜ࡇ࠸ࡋ㞴ࡀ㟁ὶไᚚ࡞㧗⢭ᗘࡢ
㉸㧗㏿ᅇ㌿ୗ࡚ࡗࡼ࡟ࣉ࢖ࢱ㸪஺ὶ㍈ᨭᣢ࡜
ࡋ㞴ࡣ࡜ࡇࡿࡍ⌧ᐇࢆ㍈ᨭᣢไᚚ࡞Ᏻᐃࡢ
㛵ಀ࡟㥑ື࿘Ἴᩘࡢ㸪㟁ືᶵ࡚ࡗࡀࡓࡋࠋ࠸
┤࡞⬟ྍࡀ㍈ᨭᣢไᚚࡿࡼ࡟ὶ㟁ὶ┤ࡃ࡞

ὶ㍈ᨭᣢࡢࣉ࢖ࢱᵓ㐀ࡿࡍ࡜ᚲせࠋࡿ࠶ࡀ 
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࡜ᆺ࣮࣏ࣛࣔ࣍ࡸᆺ࣮࣏ࣝࢺ࢚ࣥࢡࢩࣥࢥ
ࡶࢀ࡝㸪ࡣᵓ㐀ࡓࡗ࠸ 2ᴟࡢ㍈ᨭᣢᕳ⥺࡟ᑐ
ࡣᴟᩘࡢ⥺㸪㟁ືᶵᕳ࡚ࡋ 8 ᴟ௨ୖ࡛ࠋࡿ࠶
㸪100,000 r/minࡵࡓࡢࡑ ௨ୖࡢ㉸㧗㏿ᅇ㌿
࡛㥑ືࡓࡏࡉሙྜ㸪ࡢࡑ㥑ື࿘Ἴᩘࡣ 6.7 
kHz௨ୖࡾ࡞࡜㸪⌧ᐇⓗ࡛ࢱ࣮ࣂࣥ࢖ࠋ࠸࡞
ࢺࢫࢥ〇సࡢ࣮ࣛࣟࢺࣥࢥࡢ࡝࡞ࣈ࢖ࣛࢻ
ࡣ⥺㸪㟁ືᶵᕳ࡜ࡿࡍ៖⪄ࢆ 2ᴟࡋ࡜㸪ྍ⬟
ࡀᚲせࡿࡆୗࢆ㥑ື࿘Ἴᩘࡢࢱ࣮ࣔࡾ㝈࡞
⪄ࢆ㍈ᨭᣢไᚚࡿࡼ࡟᪉㸪┤ὶ㟁ὶ୍ࠋࡿ࠶
ࡶ⥺ሙྜ㸪㍈ᨭᣢᕳࡓ࠼ 2ᴟࡿࡍ࡜ᚲせ࠶ࡀ
㸪ࡣࢱ࣮ࣔࡿࡍᥦ᱌࡟ࡓ㸪᪂࡚ࡗࡀࡓࡋࠋࡿ
2ᴟ㟁ືᶵ࣭ 2ᴟ㍈ᨭᣢᵓ㐀ࡋࡔࡓࠋࡿࡍ࡜㸪
㟁ືᶵᕳ⥺࡜㍈ᨭᣢᕳ⥺ࡢᴟᩘࡇ࠸ࡋ➼ࡀ
஫┦࡟㛫ࡢ㍈ᨭᣢไᚚ࡜㸪㟁ືᶵไᚚࡽ࠿࡜
ᖸ΅ࡿࡌ⏕ࡀᜍࡵࡓࡿ࠶ࡀࢀ㸪ᅗ ࡼࡍ♧࡟2
㍈᪉ྥࢆ࢔ࢥᅛᐃᏊࡢෆࢺࢵࢽ㸪ྠ୍ࣘ࡟࠺
ࢀࡉ☢╔࡟㍈᪉ྥ࡟ᅛᐃᏊ㛫ࡢࡑ㸪ࡋศ๭࡟
⥺㸪㍈ᨭᣢᕳ࡚ࡋࡑࠋࡿࡍᤄධࢆ▼☢Ọஂࡓ
ෆ࡛㸪8ࢺࢵࢽ㸪ྛࣘࢆ ᕳ࡟≦ᙧࣝ࢖ࢥᏐࡢ
΅㠀ᖸࢆ㍈ᨭᣢไᚚ࡜㸪㟁ືᶵไᚚ࡛࡜ࡇࡃ
໬ࡿࡍᵓ㐀ࠋࡿ࠸࡚ࡋ࡜ 
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Fig. 1.ࠉThe structure of proposed motor
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Fig. 2.ࠉThe steucture of suspension windings
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ゎᯒ㸦3D-FEM㸧ࡓ࠸⏝ࢆ☢ሙゎᯒࡾࡼ࡟㸪
ᥦ᱌ࢱ࣮ࣔࡿࡍᵓ㐀࣭ࢡࣝࢺࡢ㍈ᨭᣢຊ≉ᛶ
㍈ᨭᣢࡿࡼ࡟ᯝ㸪㸦1㸧┤ὶ㟁ὶ⤖ࡓࡋウ᳨ࢆ
ไᚚྍࡀ⬟㸪㸦2㸧㟁ືᶵไᚚ࡜㍈ᨭᣢไᚚࡢ
㠀ᖸ΅໬ྍࡀ⬟㸪㸦3㸧Ᏻᐃ࡞㍈ᨭᣢ㐠㌿ࢆᐇ
༑ศࢆ㍈ᨭᣢຊ࡜ࢡࣝࢺ࡞ᚲせ࡟ࡢࡿࡍ⌧
ࡿࡍ⌧ᐇࢆ㉸㧗㏿ᅇ㌿ࡓࡗ࠸࡜Ⓨ⏕ྍ⬟㸪࡟
ୖ࡛Ⰻዲ࡞≉ᛶࢆഛ࠿ࡽ᫂ࢆ࡜ࡇࡿ࠸࡚࠼
ࢀࡉࡔᮍࡣド᳨ࡿࡼ࡟㸪ᐇᶵࡋ࠿ࡋࠋࡓࡋ࡟
 ࠋ࠸࡞࠸࡚
ࡿࡍ㸪ᥦ᱌ࡣⓗ┠ࡢ✲◊㸪ᮏ࡛ࡇࡑ  2ᴟ㟁
ືᶵ࣭2 ᴟ㍈ᨭᣢᵓ㐀ࢆᣢࡘ㉸㧗㏿Ọஂ☢▼
ᆺ࣋ࡢࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔ヨసᶵࢻࡢࡑ࡜
㸪㉸㧗㏿ᅇ㌿ࡋ〇స࡟ᐇ㝿ࢆ࣒ࢸࢫࢩࣈ࢖ࣛ
 ࠋࡿ࠶࡛࡜ࡇࡿࡍ⌧ᐇࢆ
 
㸱㸬◊✲ࡢ᪉ἲ 
(1) 2009ᖺᗘ 
① ヨసᶵヨసᶵヨసᶵヨసᶵࡢࡢࡢࡢタィタィタィタィ㸤㸤㸤㸤〇స〇స〇స〇స 
 ᪂࡟ࡓᥦ᱌2ࠕࡓࡋᴟ㟁ືᶵ࣭2ᴟ㍈ᨭᣢ
ᵓ㐀ࢆᣢࡘ㉸㧗㏿Ọஂ☢▼ᆺ࣋ࣞࢢࣥࣜ࢔
ࢱ࣮ࣔࢫ タィ࣭ࢆヨసᶵࡢࠖ 〇సࠋࡿࡍ௒ᅇ㸪
〇సணᐃࡢヨసᶵ࡛ࡣ㸪㉸㧗㏿ᅇ㌿ୗ࡛ࡢヨ
㦂ࢆᐇ᪋ࡿࡍணᐃ࡛࡛ࡇࡑࠋࡿ࠶㸪ᅇ㌿Ꮚᙧ
㠃㈞௜ᆺ㸦SPM⾲ࡓ࠸⏝ࢆ▼☢ࢢࣥࣜࢆ≦
ᆺ㸧ᵓ㐀ࡋ࡜㸪ࣜࣥࡢ▼☢ࢢእഃ࡟ಖㆤᮦࢆ
タࡅ㸪ᅇ㌿Ꮚᙉᗘࢆ㧗ࡿࡵணᐃ࡛ࠋ୍ࡿ࠶ ᪉㸪
ᅇ㌿Ꮚᙉᗘࡀቑ࡟࠺ࡼࡍಖㆤᮦࢆタ࡜ࡿࡅ㸪
୍⯡ⓗ࡟㸪☢Ẽⓗࣉࢵࣕࢠ࡞㛗ࡀቑຍࡓࡿࡍ
㍈ᨭᣢຊ≉ᛶ࣭ࢡࣝࢺ㸪ࡋቑຍࡀ᮰☢ࢀ₃ࡵ
㸪ࡣ࡛✲◊㸪ᮏ࡛ࡇࡑࠋࡍࡇ㉳ࡁᘬࢆపୗࡢ
᭷㝈せ⣲ἲࡿࡼ࡟ᵓ㐀ゎᯒ㸦㟼ゎᯒ㸧࡜☢⏺
ゎᯒࡢ㐃ᡂゎᯒ࠸⾜ࢆ㸪༑ศ࡞ᅇ㌿Ꮚᙉᗘࢆ
ಖࡘࡘࡕ㸪࣭᭱ࢡࣝࢺࡶ㍈ᨭᣢຊ≉ᛶࡢⰋࡃ
ࢆ⬟ᛶࡢࡑ㸪࡚ࡋࡑᅇ㌿Ꮚᙧ≧㸪࡞㐺᭱ࡿ࡞
ᘬࡁฟࡍᅛᐃᏊᙧ≧ࠋࡿࡍ࡟࠿ࡽ᫂ࢆ 
 
 ᐃ ᐃ ᐃ ᐃ ࡢࡢࡢࡢ㍈ᨭᣢຊ≉ᛶ㍈ᨭᣢຊ≉ᛶ㍈ᨭᣢຊ≉ᛶ㍈ᨭᣢຊ≉ᛶ࣭࣭࣭࣭ࢡࣝࢺࢡࣝࢺࢡࣝࢺࢡࣝࢺ②
 〇సࡿࡍヨసᶵ࡚࠸⏝ࢆ㸪ᥦ᱌2ࠕࡿࡍᴟ
㟁ືᶵ࣭2ᴟ㍈ᨭᣢᵓ㐀ࢆᣢࡘ㉸㧗㏿Ọஂ☢
▼ᆺ࣭࣋ࢡࣝࢺࡢࠖࢱ࣮ࣔࢫࣞࢢࣥࣜ࢔㍈ᨭ
ᣢຊ≉ᛶ᳨࡚࠸ࡘ࡟ウ࡛࡜ࡇࡿࡍ㸪ୗグࡢ≉
㛗ࢆᣢࢆ࡜ࡇࡘᐇᶵࡶ࡚࠸࠾࡟ᐇドࠋࡿࡍ
㸦1㸧┤ὶ㟁ὶࡿࡼ࡟㍈ᨭᣢไᚚྍࡀ⬟㸪㸦2㸧
㟁ືᶵไᚚ࡜㍈ᨭᣢไᚚࡢ㠀ᖸ΅໬ྍࡀ⬟㸪
㸦3㸧Ᏻᐃ࡞㍈ᨭᣢ㐠㌿ࢆᐇ⌧࡟ࡢࡿࡍᚲせ
ࡢⓎ⏕ྍ⬟㸪࡟༑ศࢆ㍈ᨭᣢຊ࡜ࢡࣝࢺ࡞ 3
 ࠋࡿ࠶࡛࡚࠸ࡘ࡟㛗≉ࡢࡘ
 
(2) 2010ᖺᗘ 
① ㉸㧗㏿ᅇ㌿⏝㉸㧗㏿ᅇ㌿⏝㉸㧗㏿ᅇ㌿⏝㉸㧗㏿ᅇ㌿⏝ࡢࡢࡢࡢ࣒ࢸࢫࢩࣈ࢖ࣛࢻ࣒ࢸࢫࢩࣈ࢖ࣛࢻ࣒ࢸࢫࢩࣈ࢖ࣛࢻ࣒ࢸࢫࢩࣈ࢖ࣛࢻࡢࡢࡢࡢ㛤Ⓨ㛤Ⓨ㛤Ⓨ㛤Ⓨ
 ⌧ᐇ⌧ᐇ⌧ᐇ⌧ᐇࡢࡢࡢࡢ㉸㧗㏿ᅇ㌿㉸㧗㏿ᅇ㌿㉸㧗㏿ᅇ㌿㉸㧗㏿ᅇ㌿࡜࡜࡜࡜
 ๓ᖺᗘࡓࡋ࡟࠿ࡽ᫂࡟࡛ࡲヨసᶵࣝࢺࡢ
࡟㸪㉸㧗㏿ᅇ㌿࡚࠸ᇶ࡙࡟㍈ᨭᣢຊ≉ᛶ࣭ࢡ
ᑐᛂྍ⬟࡞㟁ືᶵ㏿ᗘไᚚ⣔࡜㍈ᨭᣢไᚚ
⣔ࡢ ᵓࢆ࣒ࢸࢫࢩ࣮ࣝࣟࢺࣥࢥࡿ࡞ࡽ࠿ࡘ2

⠏࡟ࡽࡉࠋࡿࡍ㸪ྠ࡟࣮ࣛࣟࢺࣥࢥࣝࢱࢪࢹ
ᮇࡶࣈ࢖ࣛࢻࢱ࣮ࣂࣥ࢖ࡿࡍ〇సࡋ㸪㉸㧗㏿
ᅇ㌿ୗ࡚࠸࠾࡟Ᏻᐃ࡞㍈ᨭᣢ㐠㌿ࢆᐇ⌧࡛
ࡇࡿࡍ㛤Ⓨࢆ࣒ࢸࢫࢩࣈ࢖ࣛࢻ⬟㧗ᛶࡿࡁ
 ࠋࡿࡍ⌧ᐇࢆ㸪㉸㧗㏿ᅇ㌿࡛࡜
  
㸲㸬◊✲ᡂᯝ 
 ᅗ ヨసࠋࡍ♧ࢆ┿෗ࡢヨసᶵࡓࡋ〇స࡟3
ᶵࣉࢵࣕࢠࡢ㛗ࡣ 0.3mm ࢲࢳࢵࢱ㸪ࡾ࠶࡛
࢘ࣥᖜ0.1ࡣmmࡓࡲࠋࡿ࠸࡚ࡗ࡞࡜㸪Unit1,2 

ᅗ 3 ヨసᶵࡢ෗┿ 

Fig. 3  The photographs of the prototype. 

(a) The photograph of the prototype. 

 (b) The photograph of the rotor shaft. 

 

(a) ヨసᶵ඲యࡢ෗┿ 

(b) ᅇ㌿Ꮚࡢ෗┿ 
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Fig. 4  The photograph of the control system. 

ᅗ 4 ไᚚࡢ࣒ࢸࢫࢩ෗┿ 



 

 

 

㸪 㟁ὶᘧኚ఩ࡣ࡟Ỉᖹ(α) , 㖄┤(β ) ᪉ྥࡢ
ィࡀ(ࢧࣥࢭࣉࢵࣕࢠ)ࢧࣥࢭ 4 ᮏタ⨨࡚ࢀࡉ
㠀᥋ゐ᳨࡛ࢆኚ఩ࡢᅇ㌿Ꮚࡾࡼ࡟ࢀࡇ㸪ࡾ࠾
ฟࡿࡁ࡛ࡀ࡜ࡇࡿࡍᵓ㐀ࠋࡿ࠸࡚ࡗ࡞࡜ᅗ 4
ࠋࡍ♧ࢆ┿෗ࡢ࣒ࢸࢫࢩࣈ࢖ࣛࢻࡓࡋ㛤Ⓨ࡟
ヨసᶵࡣ࣒ࢸࢫࢩࣈ࢖ࣛࢻࡢ㍈ᨭᣢ⏝,㟁ື
ᶵ⏝ࡢ  ࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ࠿ไᚚ⣔ࡢࡘ2

 ప㏿ᅇ㌿ࡽ࠿㧗㏿ᅇ㌿࡛ࡲᖖ࡟Ᏻᐃࡓࡋ

㍈ᨭᣢไᚚ࠿ࡿ࠶࡛⬟ྍࡀ☜ㄆࡵࡓ࠺⾜ࢆ

500r/min ࡽ࠿ 20,000r/min ㏿ຍࣉࣥࣛࡢ࡬

ヨ㦂ࠋࡓࡗ⾜ࢆᅗ ࡗ⾜ࢆຍ㏿ヨ㦂ࣉࣥࣛ࡟5

 㸪α1,   β1࠾࡞ࠋࡍ♧ࢆᅇ㌿Ꮚኚ఩Ἴᙧࡢ㝿ࡓ

ࡣ Unit 1㸪α2,  β2 ࡣ Unit 2ࡿࡅ࠾࡟ᅇ㌿Ꮚ

ࣛࡣヨ㦂࡛ࡢࡇࠋࡿ࠶ኚ఩Ἴᙧ࡛ࣝ࢔ࢪࣛࡢ

ᅇ㌿Ꮚࡋධຊࢆ*ᅇ㌿㏿ᗘᣦ௧್ωࡢ≦ࣉࣥ

㸪500r/minࡓࡲࠋࡿ࠸࡚ࡏࡉ㏿ຍࢆ ࡽ࠿

15,000r/min ࢱࣝ࢕ࣇࢢࣥ࢟ࢵࣛࢺ㸪ࡣ࡛ࡲ

㸪15,000r/minࡾ࠾࡚ࡗ⾜ࡶൾไᚚ⿵ࡢ࡝࡞

௨ୖࡢᅇ㌿㏿ᗘ࡛ࡣ⿵ൾไᚚࢆษ࡚ࡗ㍈ᨭ

ᣢไᚚࡢࡇࠋࡿ࠸࡚ࡗ⾜ࢆኚ఩Ἴᙧࡽ࠿

500r/min ࡽ࠿ 20,000r/min 㸪ไᚚ୰ᚰ࡛ࡲ

60µm±ࡽ࠿ ࡀᅇ㌿ᾋୖ㐠㌿࡞⠊ᅖ࡛Ᏻᐃࡢ

㧗㏿ᅇ㌿ࡿ࠸࡚ࡗษࢆ㸪⿵ൾไᚚࡾ࠾࡚࠼⾜

᫬ࡶ࡚࠸࠾࡟ప㏿ᅇ㌿᫬࡜ኚࡎࡽࢃᏳᐃࡋ

ࡁㄆ࡛☜ࡀ࡜ࡇࡿ࠸࡚࠼⾜ࢆ㍈ᨭᣢไᚚࡓ

ᖸ࠸࡞ࡁど࡛↓ࡣ㸪ప㏿ᅇ㌿᫬࡛࡚ࡗࡼࠋࡿ

΅ຊࡢᙳ㡪ࡀ㸪㧗㏿ᅇ㌿᫬࡛ࡣᑠࡀ࡜ࡇ࠸ࡉ

☜ㄆ࡛ࡽ࠿࡜ࡇࡢࡇࠋࡓࡁ㸪15,000r/min ௨

ൾ⿵࡞ᚲせࡀ⟭₇࡞㞧「ࡣᅇ㌿㏿ᗘ࡛ࡢୖ

ไᚚࡎ࠸⏝ࢆ㸪PIDไᚚ࡛ࡳࡢไᚚྍ⬟࡛࠶

 ࠋࡿ࠼࠸࡜ࡿ
 ᅗ ࡟6 20,000r/minࡽ࠿ 60,000r/minࡢ࡬
ᅇ㌿Ꮚኚ఩Ἴࡢ㝿ࡓࡗ⾜ࢆຍ㏿ヨ㦂ࣉࣥࣛ
ᙧ㸪ᅗ ࡟7 60,000r/minᐃ㏿≧ែࡢᅇ㌿Ꮚኚ
఩Ἴᙧࠋࡍ♧ࢆᅗ 6 ࡽ࠿ 20,000r/min ࡽ࠿
60,000r/min 50µm±ࡽ࠿㸪ไᚚ୰ᚰ࡛ࡲ ࡢ
⠊ᅖ࡛Ᏻᐃ࡞ᅇ㌿ᾋୖ㐠㌿ࡇࡿ࠸࡚࠼⾜ࡀ
㸪ᅗࡓࡲࠋࡿࡁㄆ࡛☜ࡀ࡜ ࡽ࠿7 60,000r/min
᫬࡛ࡣ㸪ไᚚ୰ᚰ40±ࡽ࠿µm ⠊ᅖ࡛Ᏻᐃࡢ
㸪ᮏヨࡣࢀࡇࠋࡿ࠸࡚࠼⾜ࡀᅇ㌿ᾋୖ㐠㌿࡞
సᶵࣥ࢘ࢲࢳࢵࢱࡢᖜ±100µm ศ௨ୗ༙ࡢ
ࡣࢱ࣮ࣔࡿࡍ㸪ᥦ᱌ࡵࡓࡿ࠶࡛ 60,000r/min
ᅇࡓࡋᏳᐃࡶ࡚࠸࠾࡟㉸㧗㏿ᅇ㌿᫬࠺࠸࡜
㌿ᾋୖ㐠㌿ࡀᐇ⌧࡛ࠋࡿ࠼࠸࡜ࡿ࠸࡚ࡁ 
㸪࡞ᚲせ࡛࠼࠺ࡿࡍ⌧ᐇࢆ㸪㉸㧗㏿ᅇ㌿ࡓࡲ 
෇⟄ᆺᅇ㌿Ꮚࢆഛࡓ࠼᪂࡞ࡓᵓ㐀ࡢ☢Ẽ☢
 ࠋࡓࡋウ᳨ࡶ࡚࠸ࡘ࡟ཷ
 
 
 
 
 
 

Unit1 

Unit2 

Fig. 5  Rotor displacement profiles on acceleration 

from 500 r/min to 20,000 r/min. 

ᅗ 5 500r/minࡽ࠿ 20,000r/minࣉࣥࣛࡢ࡬ຍ㏿ 

ヨ㦂᫬ࡢᅇ㌿Ꮚኚ఩Ἴᙧ 

Unit1 

Unit2 

ᅗ 6 20,000r/minࡽ࠿ 60,000r/minࣉࣥࣛࡢ࡬ຍ㏿ 

ヨ㦂᫬ࡢᅇ㌿Ꮚኚ఩Ἴᙧ 

Fig. 6  Rotor displacement profiles on acceleration 

from 20,000 r/min to 60,000 r/min. 

ᅗ 7 60,000r/minᐃ㏿᫬ࡢᅇ㌿Ꮚኚ఩Ἴᙧ 

 Fig. 7  Rotor displacement profiles under 60,000r/min. 

Unit1 

Unit2 
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