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1. 1. 1. 1. ⥴ゝ⥴ゝ⥴ゝ⥴ゝ    

㏆ᖺ, ேయࡢጼໃࡸ㐠ື࡟㛵࡚ࢀࢃ⾜࡟ࢇ┒ࡀ✲◊ࡿࡍ

ᅔ㞴࡟㠀ᖖࡣࢢࣥࣜࢹࣔࡢ㌟యࡢே㛫ࡔᮍ ,ࡋ࠿ࡋ .ࡿ࠸

ࡼࡣ࠿ࡿ࠸࡚ࡋไᚚࢆጼໃ࡟ᵝࡢ࡝ࡀே㛫 ,࡟ඹ࡜ࡿ࠶࡛

ࡵồࡀ᪉ἲࡿࡍゎỴࢆၥ㢟ࡢࡽࢀࡇ ,ࡎࡽ࠾࡚ࢀࡉゎ᫂ࡃ

ࢫࣥࣛࣂ ,࡚࠸࠾࡟ᗙ఩ጼໃࡢே㛫 ,࡛ࡇࡑ .ࡿ࠸࡚ࢀࡽ

ಖᣢࡶ᭱࡟ᐤ୚ࡿࢀࡽ࠼⪄࡜ࡿࡍ➨ 2➨ ࡟ࢡࣝࢺࡢ᳝⭜3

ὀ┠ࡋ, ே㛫࡞࠺ࡼࡢ࡝ࡀ᝟ሗࡽ࠿ጼໃ⥔ᣢࢆࢡࣝࢺࡢⓎ

ே㛫ࡢ㸪ᗙ఩ጼໃ࡛࡟ࡵࡓࡢࡑ .ࡿ࡭ㄪࢆ࠿ࡿ࠸࡚ࡏࡉ⏕

ࢆ 㸦㛵ࢡࣝࢺࡿࡍ⏕Ⓨࡢ㸪㛵⠇ࡋ⾲࡛ࣝࢹ๛యࣔࢡ2ࣜࣥ

⠇࣮࣓ࣔࣥࢺ㸧ࢆ⟬ฟࢡࣥࣜࡢࡘ2 ࡓࡲ.ࡿࡍゅᗘ࡜㸪㢌

㡬ࡢỈᖹ᪉ྥኚ఩࡟ᑐࡢࡘ3࡚ࡋPIDไᚚྠࡀ᫬࡟ാ࡚࠸

ື ,ࡣⓗ┠ࡢ✲◊㸬ᮏࡿࡍ௬ᐃ࡜ࡿ࠸ ⏬᧜ᙳ࡚ࡗࡼ࡟ồࡵ

ࡽ࠿್࡞☜㸪ṇࢆ್ࡢゅᗘࢡࣥࣜࡿ࠶࡛ࢱ࣮ࢹ㐠ືࡓࢀࡽ

ゅᗘ᝟ሗ࠸⢒ࡢᗘ⛬ࡢ࡝㸪ࡁ࠸࡚ࡋ㔞Ꮚ໬࡟᪉ྥ࠸⢒ࡾࡼ

࡛㸪ᡤ⏝ࡢ㛵⠇࣮࣓ࣔࣥࢆࢺⓎ⏕᳨࡛ࢆ࠿ࡿࡁドࡿࡍ㸬ࡉ

᝟ࡢ࡝ ,㝿ࡿࡍ⏕Ⓨࢆࢡࣝࢺࡢಖᣢࢫࣥࣛࣂࡀ㸪ே㛫࡟ࡽ

ሗ୍ࢆ␒᭷⏝࡞᝟ሗࡶ࠿ࡢࡿ࠸࡚࠸⏝࡚ࡋ࡜ㄪࡿ࡭.    

    ࣝࢹࣔࣝࢹࣔࣝࢹࣔࣝࢹࣔ .2 .2 .2 .2

ᮏ◊✲࡛౑⏝ࢆࣝࢹࣔࡿࡍᅗ 1 ➨ ,࡛ࡇࡇ .ࡍ♧࡟ 2,

➨ 3   .ࡿࢀࡽࡵồࡾࡼᘧ(1)ࡣࢡࣝࢺࡿࡍ⏕Ⓨ࡟᳝⭜
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࡛ࡇࡇ F Ỉᖹ᪉ྥᗙ㠃཯ຊ, Nࡣ ,㖄┤᪉ྥᗙ㠃ຊࡣ f

㖄┤᪉ྥ㛵⠇㛫ຊ, xࡣỈᖹ᪉ྥ㛵⠇㛫ຊ, nࡣ ࢡࣥࣜࡣ

㔜ᚰཬࡧ㛵⠇ࡢỈᖹ᪉ྥኚ఩, y  ࡢ㛵⠇ࡧ㔜ᚰཬࢡࣥࣜࡣ

㖄┤᪉ྥኚ఩, θ ゅᗘ, mࡢࢡࣥࣜࡣ ,㉁㔞ࢡࣥࣜࡣ I  ࡣ

㔜ᚰ࿘័ࡢࡾᛶ࣮࣓ࣔࣥࢺ, M Ꮠ࠼ῧ ,ࢡࣝࢺ㛵⠇ࡣ 0 ࡣ

ᗙ㠃ᅽຊ୰ᚰⅬ,1,2 ,య,ୗయୖࡣ
23L  .ࡍ♧ࢆࢡ㒊ࣜࣥ⭜ࡣ 

 

 

 

 

 

 

 

 

 

 

Fig.1   2 link model 

    ࣥࣙࢩ࣮࣑ࣞࣗࢩࣥࣙࢩ࣮࣑ࣞࣗࢩࣥࣙࢩ࣮࣑ࣞࣗࢩࣥࣙࢩ࣮࣑ࣞࣗࢩ .3 .3 .3 .3

ே㛫ࡀ⮬ศࡢ㌟య )(sG ࢡࣝࢺ࡟㛵⠇ࡢ )(su  ,ࡋධຊࢆ 

ฟຊࡓࢀࡉ㛵⠇ゅᗘኚ )(sy ᶆ್┠࡜ࡉࡁ኱ࡢ  )(sR (0°), 

ཬࡧฟຊࡓࢀࡉ㢌㡬ࡢỈᖹ᪉ྥኚ఩ )(sy ᶆ್┠࡜ࡉࡁ኱ࡢ

)(sR ㄗᕪࡢ࡜(0) )(se ࡉኚ໬ࢆࢡࣝࢺࡿࡍධຊ ,࡚ࡗࡼ࡟ 

⭜ࡢࡁ࡜ࡢࡇ.ࡿ࠼⪄࡜ࡿ࠸࡚ࡋࢆไᚚࢡࢵࣂࢻ࣮࢕ࣇࡿࡏ

㒊㛵⠇ࡢไᚚ⣔ࢡࢵࣟࣈࡿࡅ࠾࡟⥺ᅗࡣᅗ 2  ,ࡾ࡞࡟࠺ࡼࡢ

ไᚚᘧࡿ࡞࡟࠺ࡼࡢ(2)ࡣ. 

 

 

 

 

Fig.2  block diagram 
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࡛ࡇࡇ )(tu 1)( ,ࢡࣝࢺ㛵⠇ࡣ te ➨࡜ᗙ㠃ࡣ 2 ➨ 3 ࡜᳝⭜

ゅᗘኚ఩, )(2ࡢ te ➨ࡣ 2 ➨ 3  ,ゅᗘኚ఩ࡢ࡜㢌㡬࡜᳝⭜

)(3 te  .ࡍ⾲ࢆㄗᕪࡢ࡜ᶆ್┠ࡢỈᖹ᪉ྥኚ఩ࡢ㢌㡬ࡣ 
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4. 4. 4. 4. ᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝ    

4.14.14.14.1    㔞Ꮚ໬㔞Ꮚ໬㔞Ꮚ໬㔞Ꮚ໬ࡓࡗࡓࡗࡓࡗࡓࡗ⾜⾜⾜⾜ࢆࢆࢆࢆሙྜሙྜሙྜሙྜྠࡢࡢࡢࡢᐃ⤖ᯝྠᐃ⤖ᯝྠᐃ⤖ᯝྠᐃ⤖ᯝ    

ࡣ࡛ࡇࡇ 2  ࡢỈᖹ᪉ྥኚ఩ࡢ㸪㢌㡬࡜ゅᗘࢡࣥࣜࡢࡘ

3  ࣂࢻ࣮࢕ࣇࡢሙྜࡓࡋ㔞Ꮚ໬ࢆゅᗘ࣭ኚ఩᝟ሗࡢࡘ

ᅗࢆᐃ⤖ᯝྠ .࠺⾜ࢆᐃྠࡢࣥ࢖ࢤࢡࢵ 3  ࡲ .ࡍ♧࡟

 ᐃㄗᕪྠࡢࢡࣝࢺࡓࡋᐃྠ࡜ࢡࣝࢺ ᐇࡢࡁ࡜ࡢࡇࡓ

ࡣ 6.1104  .ࡓࡗ࠶࡛

 

 

 

 

 

 

 

 

 

 

fig3  the experimental value and estimated value of 

joint torque 

ᅗ 3 㸦ࢱ࣮ࢹጼໃྛ ,ࡾࡼᯝ⤖ࡢ 1e , 2e ,
3e 㸧ࢆ㔞Ꮚ໬ 

 ࡃࡁ኱࡝࡯ࢀࡑࡣㄗᕪࡢࢡࣝࢺ ᐇ࡜ࢡࣝࢺᐃྠ ,ࡶ࡚ࡋ

 ࡣࢱ࣮ࢹጼໃྛࡢே㛫 ,ࡾࡼ࡜ࡇࡢࡇ .ࡿ࠿ࢃࡀ࡜ࡇ࠸࡞

᝟ሗ㔞ࡾ࡞࠿ࢆⴠࢫࣥࣛࣂࡶ࡚ࡋ࡜ಖᣢࢆࢡࣝࢺࡢ෌⌧ࡍ 

 ࡞ࡃ㧗࡝࡯ࢀࡑࡀ⢭ᗘࡢࢱ࣮ࢹጼໃࡢே㛫 ,ࡁ࡛ࡀ࡜ࡇࡿ

 ศࡀ࡜ࡇࡿ࠶ࡀᛶ⬟ྍࡿ࠼⾜ࢆಖᣢࢫࣥࣛࣂ㸪ࡶሙྜ࡛࠸

 .ࡓࡗ࠿

 

4.24.24.24.2    ྛྛྛྛጼໃጼໃጼໃጼໃࢆࢆࢆࢆࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹḞⴠḞⴠḞⴠḞⴠࡓࡏࡉࡓࡏࡉࡓࡏࡉࡓࡏࡉሙྜሙྜሙྜሙྜྠࡢࡢࡢࡢᐃ⤖ᯝྠᐃ⤖ᯝྠᐃ⤖ᯝྠᐃ⤖ᯝ    

 ࡵࡓࡢಖᣢࢫࣥࣛࣂࡀ᝟ሗࡢࢱ࣮ࢹጼໃࡢ࡝ࡣ࡛ࡇࡇ 

 ࡑ.ࡿ࡭ㄪࢆ࠿᝟ሗ࡞㔜せ␒୍࡟ࡢࡿࡏࡉ⏕Ⓨࢆࢡࣝࢺࡢ

 ሙࡓࡗ࠸࡚ࡏࡉḞⴠࡘࡎࡘ୍ࢆ᝟ሗࡢࢱ࣮ࢹጼໃྛ࡛ࡇ

 ࡣไᚚ⣔ࡢࢀࡒࢀࡑ .ࡿ࡭ㄪࢆ࠿ࡿ࡞࡟ᯝ⤖࡞࠺ࡼࡢ࡝ྜ

ḟᘧ࡛⾲ྠྛࡓࡲ .ࡿࢀࡉᐃㄗᕪࡢ⤖ᯝࢆ⾲ 1   .ࡍ♧࡟

[PDไᚚ, 1e  [ሙྜࡢࡋ࡞
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Table1  The result of each identification tolerance 

 1e 2e ࡋ࡞ 3e ࡋ࡞  ࡋ࡞

ྠᐃㄗᕪ 21.4329 8.1187 6.3882 

⾲ ࡜ ,ࡾࡼ1
3e ࡃࡁ኱ࡾࡲ࠶ࡣᐃㄗᕪྠࡶ࡚࠸┬ࢆ᝟ሗࡢ

1e ,ࡀ࠸࡞ࡽ࡞ 㠀ᖖࡀᐃㄗᕪྠ ,ࢁࡇ࡜ࡓࡏࡉḞⴠࢆ᝟ሗࡢ

ᅗ .ࡓࡗ࡞ࡃࡁ኱࡟ 4 ࡟ 1e ࢆᯝ⤖ࡢሙྜࡓࡏࡉḞⴠࢆ᝟ሗࡢ
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 fig4   the experimental value and estimated value of 

joint torque (no 1e ) 

ᅗ 4 ࡁ኱ࡀㄗᕪࡢࢡࣝࢺ ᐇ࡜ࢡࣝࢺᐃྠ ,ࡶࡽ࠿ᯝ⤖ࡢ

ࡿࡍ⌧෌ࢆࢡࣝࢺࡢಖᣢࢫࣥࣛࣂࡣே㛫ࡾࡲࡘ .ࡿ࠿ࢃ࡜࠸

➨࡜ᗙ㠃 ,ࡁ࡜ 2 ➨ )ゅᗘኚ఩ࡢ࡜᳝⭜3 1e ᭷␒୍ࢆ᝟ሗࡢ(

ࡇ࠺࠸࡜࠸㧗ࡀᛶ⬟ྍࡿ࠸࡚ࡋ⌧෌ࢆࢡࣝࢺ࡚ࡋ࡜᝟ሗ࡞⏝

 .ࡓࡗ࠿ࢃࡀ࡜

5. 5. 5. 5. ⤖ゝ⤖ゝ⤖ゝ⤖ゝ    

ᮏ◊✲࡛ྛࡣጼໃࢆࢱ࣮ࢹ㔞Ꮚ໬ࡓࡋሙྜ, Ḟⴠࡓࡏࡉሙ

ࡢྜ 2 ᯝ㸪⤖ࡢࡑ .ࡓࡗ⾜ࢆᐃྠ࣒ࢸࢫࢩ࡚࠸⏝ࢆᡭἲࡢࡘ

᝟ሗ㔞ࢆⴠࢫࣥࣛࣂࡶ࡚ࡋ࡜ಖᣢࢆࢡࣝࢺࡢẚ㍑ⓗⰋዲ࡟෌

ࡿࡍ▱ឤࢆ᝟ሗࡢㄗᕪྛࡢ㸪ே㛫ࡾ࠿ศࡀ࡜ࡇࡿ࠶࡛⬟ྍ⌧

ࢆಖᣢࢫࣥࣛࣂ㸪ࡶሙྜ࡛࠸࡞ࡃ㧗࡝࡯ࢀࡑࡀ⢭ᗘࡢࢧࣥࢭ

ࡸゅᗘࡓࡋ௬ᐃ ,ࡓࡲ .ࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶ࡀᛶ⬟ྍࡿ࠼⾜

ኚ఩ࡢ᝟ሗࡘࡎࡘ୍ࢆḞⴠࢁࡇ࡜ࡓࡗ࠸࡚ࡏࡉ, ᗙ㠃࡜➨ 2 

➨ 3 ࡢಖᣢࢫࣥࣛࣂࡀ᝟ሗࡢࢱ࣮ࢹጼໃࡢゅᗘኚ఩ࡢ࡜᳝⭜

࠸࡚ࢀࡉ⏝౑࡚ࡋ࡜᝟ሗ࡞⏝᭷␒୍ ,ࡁ࡜ࡿࡍ⌧෌ࢆࢡࣝࢺ

 .ࡓࡋ♧ࢆ࡜ࡇ࠺࠸࡜࠸㧗ࡀᛶ⬟ྍࡿ

6. 6. 6. 6. ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩    

[1] ኱ᶫὈே ⏕యᗙ఩ࣝࢹࣔࡢ࣒ࢬࢽ࣓࢝ࢫࣥࣛࣂ໬࡟㛵

 ✲◊ࡿࡍ

[2] ᒾᓮᚭஓ LMI  ไᚚ࡜

[3] బࠎᮌㆡ ᗙ఩ࢫࣥࣛࣂ⬟ຊࣝࢹࣔࡢゎᯒ࡜ホ౯ 


