
 ᅛ┦᥋ྜࠊ᥋ྜࠊFSWࠊ㸸ᦶ᧿ᨩᢾ᥋ྜࢻ࣮࣮࣡࢟

 

ᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜࡢࡢࡢࡢཎ⌮ཎ⌮ཎ⌮ཎ⌮    

ᦶ ᧿ ᨩ ᢾ ᥋ ྜ 㸦 FSW 㸸 Friction Stir 

Welding㸧ࡣ 1991 ᖺ࡟ⱥᅜࡢ TWI㸦⁐᥋◊✲

ᡤ㸧ࡀ⪃᱌ࡓࡋᢏ⾡࡛ࠊ㔠ᒓࡢ᥋ྜἲ࡚ࡋ࡜

ᅗࠋࡍࡲࡾධ࡟㒊㢮࠸ࡋẚ㍑ⓗ᪂ࡣ 1 ᥋ྜ࡟

ཎ⌮ࡢᶍᘧᅗ࣮ࣟࣉ࡜ࢲࣝࣙࢩࠋࡍࡲࡋ♧ࢆ

ࡍ᭷ࢆ≦ᙧࡢ᭷≉ࡿ࡞ࡽ࠿㒊ศࡿࢀࡤ࿧࡜ࣈ

ࡋᤄධ࡟ᮦᩱࡽࡀ࡞ࡏࡉ㧗㏿ᅇ㌿ࢆ࣮ࣝࢶࡿ

࡟᏶඲࡟ᮦᩱ୰ࡣ㒊ࣈ࣮ࣟࣉࡁ࡜ࡢࡇࠋࡍࡲ

ᤄධࡣࢲࣝࣙࢩࠊࡀࡍࡲࢀࡉᮦᩱ⾲㠃࡟᥋ゐ

ࡓࡢࡑࠋࡍ㏻ᖖ࡛ࡀࡢࡴ㎸ࡋᢲ࡛ࡲᗘ⛬ࡿࡍ

࡚ࡋᑐ࡟ᯈཌࡣࡉ㛗ࣈ࣮ࣟࣉࠊࡵ 0.1㹼0.2mm

⛬ᗘ▷୍ࡀࡢࡶ࠸⯡ⓗ࡛ࢲࣝࣙࢩࠊᚄࡣᯈཌ

✺ࢆ࣮ࣝࢶࡿ࠸࡚ࡋᅇ㌿ࠋࡍࡲ࠼ኚ࡚ࡌᛂ࡟

ࡍ⏕Ⓨ࡟ࡁ࡜ࡢࡇࠊࡏࡉື⛣࡚ࡗἢ࡟㠃ࡏྜ

࡚ࡋ⏝฼ࢆᨩᢾࡢᮦᩱࡿࡼ࡟ᅇ㌿࡜⇕᧿ᦶࡿ

ඖࡢࠎ⏺㠃ࢆ᏶඲࡟ᾘኻࡏࡉ᥋ྜࠋࡍࡲࡋᨩ

ᢾຊࢆቑ኱ࠊ࡟ࡵࡓࡿࡏࡉᅗ 2 ࣟࣉ࡟࠺ࡼࡢ

࡟ⓗ⯡୍ࡀ࣮ࣝࢶࡓࢀࡉຍᕤࢪࢿ࡟㒊ศࣈ࣮

౑⏝ࠋࡍࡲ࠸࡚ࢀࡉFSW ฿㧗᭱ࡢ᥋ྜ୰ࠊࡣ

㐩 ᗘࡀ⿕᥋ྜᮦࡢ⼥Ⅼࡶࡾࡼపࠊࡃᮦᩱࢆ

୍ࡢᅛ┦᥋ྜἲࡿࡺࢃ࠸ࠊࡿࡍ᥋ྜࡎࡉ࠿⁐

 ࠋࡍ࡛ࡘ

ᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜᦶ᧿ᨩᢾ᥋ྜࡢࡢࡢࡢ≉ᚩ≉ᚩ≉ᚩ≉ᚩ    

ᅗ 3 ࡟ FSW ᩿ࡢ᥋ྜ㒊ࡓࢀࡉ᥋ྜ࡚ࡗࡼ࡟

㠃⤌⧊ࠋࡍࡲࡋ♧ࢆFSW ࡃࡋⴭࠊࡣ᥋ྜ㒊ࡢ

ᚤ⣽࡞⤖ᬗ⢏࡛ᵓᡂࠊࡾ࠾࡚ࢀࡉ㗪㐀⤌⧊ࡀ

ᙧᡂࡿࢀࡉ⁐⼥⁐᥋ࡣ࡜኱ࡲ࠸࡚ࡗ࡞␗ࡃࡁ

FSWࠋࡍ ࡍ㆑ู࡟ヲ⣽࡟ࡽࡉࢆ⧊⤌᥋ྜ㒊ࡢ

ࠋࡍࡲࡁ࡛ࡀ࡜ࡇࡿࡍ༊ู࡟㡿ᇦࡢࡘ㸱ࠊ࡜ࡿ

୰ኸ㒊ศࡣᨩᢾ㒊㸦Stir Zone㸸SZ㸧࡜࿧ࢀࡤ

ࡃࡋⴭࡀᬗ⢏⤖ࡾࡼ࡟ⓗ෌⤖ᬗືࠊ㒊ศ࡛ࡿ

ᚤ⣽ࠋࡍࡲ࠸࡚ࡗ࡞࡟ᨩᢾ㒊ࡢእഃࢶࠊࡣ࡟

ఙࡀᬗ⢏⤖ࡅཷࢆረᛶኚᙧ࠸క࡟ᅇ㌿ࡢ࣮ࣝ

㛗ࡿ࡞ࡽ࠿⧊⤌ࡓࡋ⇕ຍᕤᙳ㡪㒊㸦TMAZ㸸

Thermo-Mechanically Affected Zone㸧㸪ࡽࡉ

ᙳ㡪㒊⇕ࡓࡅཷࡳࡢᙳ㡪ࡢ⇕ࡣ࡟እഃࡢࡑ࡟

㸦HAZ㸸Heat Affected Zone㸧ࡀᏑᅾࠋࡍࡲࡋ 

FSW ࡼࡢ௨ୗ࠸࡞ࡣ࡟᥋ἲ⁐⼥⁐ࡢᚑ᮶ࡣ

 ࠋࡍࡲ࠸࡚ࡋ᭷ࢆ㛗ᡤࡓࢀඃ࡞࠺

 

ᅗ 1 FSW  ᥋ྜཎ⌮ᶍᘧᅗࡢ

 

ᅗ 2 ỗ⏝ᙧ≧ࡢ FSW  ࣮ࣝࢶ

㸦ࢲࣝࣙࢩᚄࡣ 12 㹫㹫㸧 

 

ᅗ 3 ᥋ྜ᩿㠃⤌⧊㸦5083Al㸧 

 

 No.09001 

ᦶ᧿ᨩᢾ᥋ྜᢏ⾡㸦FSW㸧 



①①①① ᥋ྜ㒊᥋ྜ㒊᥋ྜ㒊᥋ྜ㒊ࡢࡢࡢࡢᙉᗘపୗᙉᗘపୗᙉᗘపୗᙉᗘపୗࡀࡀࡀࡀᑠᑠᑠᑠ࠸ࡉ࠸ࡉ࠸ࡉ࠸ࡉ 

㸦᥋ྜ㒊ࡢ⤖ᬗ⢏ࡢᚤ⣽໬࡟㉳ᅉ㸧 

②②②② ᥋ྜᚋ᥋ྜᚋ᥋ྜᚋ᥋ྜᚋࡢࡢࡢࡢኚᙧኚᙧኚᙧኚᙧࡀࡀࡀࡀᑠᑠᑠᑠ࠸ࡉ࠸ࡉ࠸ࡉ࠸ࡉ    

㸦ࢡ࣮࢔⁐᥋࡜ẚ㍑ᩘ࡚ࡋศ୍ࡢ㸧 

③③③③ Ḟ㝗Ḟ㝗Ḟ㝗Ḟ㝗࣭࣭࣭࣭๭๭๭๭ࡀ࡝࡞ࢀࡀ࡝࡞ࢀࡀ࡝࡞ࢀࡀ࡝࡞ࢀⓎ⏕Ⓨ⏕Ⓨ⏕Ⓨ⏕࠸ࡃ࡟ࡋ࠸ࡃ࡟ࡋ࠸ࡃ࡟ࡋ࠸ࡃ࡟ࡋ    

④④④④ ᥋ྜ๓ฎ⌮᥋ྜ๓ฎ⌮᥋ྜ๓ฎ⌮᥋ྜ๓ฎ⌮㸦㸦㸦㸦㛤ඛຍᕤ➼㛤ඛຍᕤ➼㛤ඛຍᕤ➼㛤ඛຍᕤ➼㸧㸧㸧㸧ࡀࡀࡀࡀཎ๎୙せཎ๎୙せཎ๎୙せཎ๎୙せ    

    ཎ๎୙せཎ๎୙せཎ๎୙せཎ๎୙せࡀࡀࡀࡀ࣮ࣛ࢕ࣇ࣮ࣛ࢕ࣇ࣮ࣛ࢕ࣇ࣮ࣛ࢕ࣇ ⑤⑤⑤⑤

    ୙せ୙せ୙せ୙せ㸦㸦㸦㸦ప⼥Ⅼ㔠ᒓ᥋ྜ᫬ప⼥Ⅼ㔠ᒓ᥋ྜ᫬ప⼥Ⅼ㔠ᒓ᥋ྜ᫬ప⼥Ⅼ㔠ᒓ᥋ྜ᫬㸧㸧㸧㸧ࢫ࢞ࢻ࣮ࣝࢩࢫ࢞ࢻ࣮ࣝࢩࢫ࢞ࢻ࣮ࣝࢩࢫ࢞ࢻ࣮ࣝࢩ ⑥⑥⑥⑥

⑦⑦⑦⑦ ␗✀㔠ᒓ᥋ྜ␗✀㔠ᒓ᥋ྜ␗✀㔠ᒓ᥋ྜ␗✀㔠ᒓ᥋ྜࡀࡀࡀࡀẚ㍑ⓗᐜ᫆ẚ㍑ⓗᐜ᫆ẚ㍑ⓗᐜ᫆ẚ㍑ⓗᐜ࡛᫆ࡿ࠶࡛ࡿ࠶࡛ࡿ࠶࡛ࡿ࠶    

ససససࠊࠊࠊࠊࡎࡏࡎࡏࡎࡏࡎࡏ⏕Ⓨ⏕Ⓨ⏕Ⓨ⏕Ⓨࡀ࡝࡞ࡀ࡝࡞ࡀ࡝࡞ࡀ࡝࡞ࢱࢵࣃࢫࢱࢵࣃࢫࢱࢵࣃࢫࢱࢵࣃࢫࡸࡸࡸࡸ࣒࣮ࣗࣄ࣒࣮ࣗࣄ࣒࣮ࣗࣄ࣒࣮ࣗࣄ ⑧⑧⑧⑧

ᴗᴗᴗᴗ⎔ቃ⎔ቃ⎔ቃ⎔ቃ࡟࡟࡟࡟ඃඃඃඃࡿࢀࡿࢀࡿࢀࡿࢀ    

࣒࢘ࢽ࣑ࣝ࢔ࡣᅾ࡛⌧ࠊࡽ࠿฼Ⅼ࡞࠺ࡼࡢࡇ

ྜ㔠ࢆ୰ᚰࠊ࡚ࡋ࡜᪂ᖿ⥺ࡿࡍ࡜ࡵࡌࡣࢆ㕲

㐨㌴୧㸪⮬ື㌴㸪⯪⯧㸪ᶫᱱ➼࡟࡛ࡍ࡟ά⏝

ࡋ࡜ၥ㢟Ⅼࡢసᴗୖࠊ᪉୍࡛ࠋࡍࡲ࠸࡚ࢀࡉ

࠶ࡀᚲせࡿࡍᣊ᮰࡟ᙉᅛࢆᮦᩱ࡟᥋ྜ᫬ࠊ࡚

⨨఩ࡢ࣮ࣝࢶࡣ࡟᥋ྜ᫬ࡢ≦㞧ᙧ「ࠊ࡜ࡇࡿ

ไᚚࡀᅔ㞴࡛ࡾ࠶ᮦᩱᙧ≧ࡢไ⣙࡜ࡿࡅ࠺ࢆ

 ࠋࡍࡲࡾ࠶ࡀၥ㢟Ⅼࡓࡗ࠸

ᦶ᧿ᨩᢾ᥋ྜ⿦⨨ᦶ᧿ᨩᢾ᥋ྜ⿦⨨ᦶ᧿ᨩᢾ᥋ྜ⿦⨨ᦶ᧿ᨩᢾ᥋ྜ⿦⨨    

 ᙜ◊✲ᡤ࡟タ⨨ࡓࢀࡉ᥋ྜ⿦⨨ࡢᴫほࢆᅗ

4 ᖹᡂࡣ⨨⿦ࡢࡇࠋࡍࡲࡋ♧࡟ 16 ᖺᩥࡢ㒊⛉

Ꮫ┬ࡢ㒔ᕷ࢔࢚ࣜ⏘Ꮫᐁ㐃ᦠಁ㐍஦ᴗ࠸࠾࡟

࡚㛤Ⓨࡢࡑࠊࢀࡉ≉ᚩࡣ 2 ✀㢮ࡢ᥋ྜ⏝࣮ࢶ

ᅗࠋࡍ࡛࡜ࡇࡘᣢࢆࢻࢵ࣊ࣝ 4(a)ࠊࡣ᪂⣲ᮦ

┤㸦ࢻࢵ࣊㧗ฟຊࡓࡋ࡜㇟ᑐࢆ᥋ྜࡢཌᯈࡸ

⥺᥋ྜࡳࡢ㸧࡛ࠊᅗ 4(b)ࠊࡣ᭤⥺ࡧࡼ࠾᭤㠃

᥋ྜࢆᑐ㇟ࡓࡋ࡜ 3 ḟඖ᭤㠃⏝ࢻࢵ࣊㸦5 ㍈㸧

ࡣ࡛ࢻࢵ࣊㧗ฟຊࠋࡍ࡛ 10 㹫㹫ཌࢽ࣑ࣝ࢔ࡢ

㧗⼥Ⅼ㔠ᒓࡢ࡝࡞ࣥࢱࢳ㕲㗰࣭ࠊࡸ㔠ྜ࣒࢘

3ࠋࡍࡲ࠸࡚ࡗ࡞࡜⬟ྍࡶ᥋ྜࡢ ḟඖ᭤㠃⏝

3ࠊࡣ࡛ࢻࢵ࣊ 㹫㹫ཌ⛬ᗘྜ࣒࢘ࢽ࣑ࣝ࢔ࡢ

㔠࡛ࡢ᭤⥺࣭᭤㠃᥋ྜࠋࡍ࡛⬟ྍࡀ 

    ࡟ࡾࢃ࠾࡟ࡾࢃ࠾࡟ࡾࢃ࠾࡟ࡾࢃ࠾

FSW ⾡᥋ྜᢏ࡞ᮇⓗ⏬ࡽ࠿ඃ఩ᛶࡢࡑࠊࡣ

ᮏࠊࡋ࠿ࡋࠋࡍࡲ࠸࡚ࡵጞࢀࡉᐇ⏝໬࡚ࡋ࡜

ᢏ⾡ࡢᇶᮏ≉チࡣᖹᡂ24ᖺ11᭶࡛ࡲᏑᅾࠊࡋ

ࠊࡣ࡟㝿ࡿࡍ⏝౑ࢆ⾡ᢏࡢࡇᮇ㛫୰ࡢ࡛ࡲࢀࡑ

TWI ࠋࡍࡲࡾ࠶ࡀᚲせࡿࡍࢆዎ⣙ࢫࣥࢭ࢖ࣛ࡜

ᙜ◊✲ᡤ⿦⨨ࢆࢫࣥࢭ࢖ࣛࢡࢵ࣑ࢹ࢝࢔ࠊࡣ

᭷ࠊࡾ࠾࡚ࡋᏛ⾡ⓗ◊✲㛤Ⓨࡧࡼ࠾ᩍ⫱ࢆ┠

ⓗ࡚ࡋ࡜౑⏝ࡍࡲࡾ࠾࡚ࡋ㸦ၟ⏝฼⏝୙ྍ㸧ࠋ

ᦶ᧿ᨩᢾᢏ⾡ᐇ⏝໬◊✲఍ࡣࢫࣥࢭ࢖ࣛࡢࡇ

࠸ධ఍㸦↓ᩱ㸧ࠊ࡛ࡢࡍࡲࡾ࠾࡚ࢀࡉᢎ⥅࡟

࢖ࣛࠊࡁ࡛⏝฼࡚ࡋ࡜㛤ᨺᶵჾࠊࡤࢀࡅࡔࡓ

⠊ᅖෆ࡛ࡢࢫࣥࢭ FSW ⾜ࢆヨసࠊᢏ⾡㛤Ⓨࡢ

ࠊ฼⏝᪉ἲࠊヲ⣽ࡢ⨨⿦ࠋࡍࡲࡁ࡛ࡀ࡜ࡇ࠺࡞

ᢏ⾡┦ㄯࡢࡑࠊ௚ࡈ୙᫂࡞Ⅼࡣᢸᙜ⪅ࡈ࡛ࡲ

㐃⤡ࠋ࠸ࡉࡔࡃⓙᵝࡈࡢ฼⏝࠾ࢆᚅ࠾࡚ࡋࡕ

ࠋࡍࡲࡾ

                                     

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

ᅗ 4 ᦶ᧿ᨩᢾ᥋ྜ⿦⨨ᴫほ 

సᡂ⪅  㔠ᒓᮦᩱ⣔ ⏣୰ ດࠊᖹ⏣ ᬛ୔ Phone:0725-51-26540725-51-2695ࠊ 

Ⓨ⾜᪥  2009 ᖺ 6 ᭶ 17 ᪥ 

 


