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Development of joining dissimilar materials for production of next generation vehicle parts and aircraft parts �Ϯ��   

- Development of joining technology of FRP and metal -�
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 ᐊຠᯝࢫ࢞๐ῶ࡚ࡅྥ࡟⮬ື㌴࣭⯟✵ᶵ⏘ᴗࡣ࡚࠸࠾࡟ୡ⏺ⓗ࡟㍍㔞໬ࠊࡳ⤌ࡾྲྀ࡟㍍㔞ࡘ࠿㧗ᙉᗘࡢ≉

ᛶࢆ᭷ࡿࡍⅣ⣲⧄⥔」ྜᮦᩱ㸦CFRP㸧ࡢ฼⏝ࡀᣑ኱ࢺࢫࢥࠊࡋ࠿ࡋࠋࡿ࠸࡚ࡋ㠃ࡽ࠿CFRP࡜㔠ᒓࡏࢃྜࡳ⤌ࢆ

ࡣ࡛✲◊ᮏࠋࡿ࠸࡚ࢀࡉ࡜ᚲせࡀᮦᩱ᥋ྜ✀␗ࡢࡵࡓࡿࡍᑐᛂ࡟ࢀࡇࠊࡾ࠾࡚ࡋ⾜㐍ࡀ໬ࣝ࢔ࣜࢸ࣐ࢳ࣐ࣝࡓ

FRPࢆຠ⋡Ⰻࠊࡃᙉᅛ࡟᥋ྜࡿࡍᢏ⾡㛤Ⓨࢆ┠ⓗࠊࡋ࡜FRP࡟㐺ࡓࡋ᥋ྜᢏ⾡ࠋࡿࡍ❧☜ࢆ 

ࡧᮦ᥋ྜཬ✀ྠ࡚࠸⏝ࢆረᛶCFRP㸦CFRTP㸧ྍ⇕࡚ࡋ⏝฼ࢆ⾡㉸㡢Ἴ᥋ྜᢏࡿࡁ᫬㛫࡛᥋ྜ࡛▷࡟࡛ࡲࢀࡇ

␗✀ᮦ᥋ྜࠊ࠸⾜ࢆ᥋ྜ᮲௳᳨ࢆウࠊࡋ᥋ྜᙉᗘࢆホ౯ࠋࡓࡁ࡚ࡋᮏᖺᗘࣝ࢔ࣜࢸ࣐ࢳ࣐ࣝࡣ໬ࡓࡅྥ࡟ᇶ♏◊

ࡾࡼ࡟㉸㡢Ἴ⦪᣺ືࠊ࡚࠸⏝ࢆ㔠(A5052)ྜ࣒࢘ࢽ࣑ࣝ࢔࡜CFRTP࠸࡞࠸࡚ࡗ⾜ࢆ⌮㠃ᨵ㉁࣭⾲㠃ฎ⾲ࠊ࡚ࡋ࡜✲

␗✀ᮦ᥋ྜࠊ࠸⾜ࢆ᥋ྜ᮲௳᳨ࢆウࠊࡋᘬᙇ᩿ࢇࡏヨ㦂ࡾࡼ࡟᥋ྜᙉᗘࢆホ౯ࠋࡓࡋ 

�

㸯㸬࡟ࡵࡌࡣ 

㏆ᖺࠊ ᐊຠᯝࢫ࢞๐ῶࡓࡅྥ࡟ୡ⏺ⓗࡳ⤌ࡾྲྀ࡞

࡜㧗ᙉᗘࡘ࠿㍍㔞ࠊࡾ࠶࡛௳ᚲ㡲᮲ࡣ㍍㔞໬࡚࠸࠾࡟

✵⯟ḟୡ௦⮬ື㌴࣭ࠊࡣCFRPࡿࡍ᭷ࢆᛶ≉ࡓࢀඃ࠺࠸

ᶵ⏘ᴗࢆ୰ᚰ࡟฼⏝ᣑ኱ࡓࡅྥ࡟〇ရ㛤Ⓨࡀ㐍ࢀࡽࡵ

ࡣ࡟ࡿࡍFRP໬ࢆ඲࡚ࡽ࠿㠃ࢺࢫࢥࠊࡋ࠿ࡋࠋࡿ࠸࡚

࡜FRPࠊࡾ࠾࡚ࡋ⾜㐍ࡀ໬ࣝ࢔ࣜࢸ࣐ࢳ࣐ࣝࠊࡎࡽ⮳

㔠ᒓࢆ᥋ྜࡿࡍᵝ࡞ࠎᢏ⾡㛤Ⓨ1-2)ࠋࡿ࠸࡚ࢀࢃ⾜ࡀ

FRP࡜㔠ᒓࡢ᥋ྜࠊࡣ࡟⾲㠃ฎ⌮ࡿࡼ࡟≀⌮ⓗ࡞⤖ྜ

 ࠋࡿ࠸࡚ࢀࡉ⏝฼ࡀྜ⤖࡞໬Ꮫⓗࡿࡼ࡟㠃ᨵ㉁⾲ࡸ

�ࡓࡅྥ࡟〇ရ໬ࡢCFRTPࠊࡣ࡛࣮ࢱࣥࢭᙜ࡛ࡲࢀࡇ

ᨭ᥼ࢆ┠ⓗࠊ࡚ࡋ࡜CFRTPࡢᡂᙧຍᕤᢏ⾡࡚ࡋ❧☜ࢆ

ᡂ࡚ࡋ࡜ẁ㝵ࡢḟࠊࡣ࡚࠸࠾࡟〇ရ໬ࡢCFRTPࠋ(3ࡓࡁ

ᙧ㒊ရࢆ௚ࡢ㒊ရ㸦㒊ᮦ㸧࡜᥋ྜࡿࡍᢏ⾡ࡀᚲせ࡞࡜

㔠ᒓ㒊ࡤ࠼㒊ရ㸦౛ࡢ௚࡜FRP㒊ရࠊᅾ⌧ࠋࡿ࠸࡚ࡗ

ရ㸧ࡢ᥋ྜ࡛ࢺ࡚ࣝ࣎ࡅ࠶ࢆ✰ࠊࡣᅛᐃࡿࡍᶵᲔⓗ⥾

ᶵᲔⓗࠊࡋ࠿ࡋࠋࡿ࠶୰ᚰ࡛ࡀ╔᥋ࡿࡼ࡟᥋╔๣࡜⤖

ࡿࡍᦆ◚ࡀ⥔⧅ࡢFRP㒊ရ࡟ຍᕤ᫬ࡅ࠶✰ࠊࡣ࡛⤖⥾

༴㝤ᛶࡸᕤ⛬ᩘࡢቑຍࠊ᥋╔࡛ࡣᡤᐃࡢᙉᗘࢆⓎ⌧ࡉ

࠶ࡀㄢ㢟ࡢ➼ࡿ࠿࠿ࡀ᫬㛫࡟⏕㣴ࡢ᥋╔๣ࡢࡵࡓࡿࡏ

᥋ྜࡓࡋ㐺࡟FRPࠊ࡚ࡅྥ࡟〇ရ໬ࡢFRPࠊ࡛ࡇࡑࠋࡿ

ᢏ⾡ࡀ❧☜ࡢᚲせ୙ྍḞࠋ(4-5ࡿ࠸࡚ࡗ࡞࡜ 

ᮏ◊✲࡛ࠊࡣFRP ࢆ⾡ᢏࡿࡍ᥋ྜ࡟ᙉᅛࡃຠ⋡Ⰻࢆ

㛤Ⓨࢆ࡜ࡇࡿࡍ┠ⓗࠊࡋ࡜㉸㡢Ἴ᥋ྜࢆά⏝࡚ࡋ FRP

 ࠋࡿࡍ❧☜ࢆ⾡᥋ྜᢏࡓࡋ㐺࡟

CFRTPࠊࡾࡼ࡟⾡㉸㡢Ἴ᥋ྜᢏ࡟࡛ࡲࢀࡇ ࡚࠸⏝ࢆ

ྠ✀ᮦ᥋ྜ࡜␗✀ᮦ᥋ྜࡢ᥋ྜ᮲௳᳨ࢆウࠊࡋᘬᙇࢇࡏ

᩿ヨ㦂ࡿࡼ࡟᥋ྜᙉᗘࢆホ౯ࡓࡁ࡚ࡋ ࠊࡣᮏᖺᗘࠋ(6-8

࡚ࡋ࡜✲◊♏ᇶࡢࡳ⤌ࡾྲྀࡓࡅྥ࡟໬ࣝ࢔ࣜࢸ࣐ࢳ࣐ࣝ

㉸㡢Ἴ⦪᣺ືࡾࡼ࡟ CFRTP ࡜ A5052 ᮦᩱ✀␗࡚࠸⏝ࢆ

᥋ྜࡢࡑࠊ࠸⾜ࢆ᥋ྜ᮲௳᳨ࢆウࠊࡋᘬᙇ᩿ࢇࡏヨ㦂࡟

 ࠋࡿࡍሗ࿌࡛ࡢࡓᚓࢆぢ▱࡚ࡋホ౯ࢆ᥋ྜᙉᗘࡿࡼ

 

㸰㸬ᐇ㦂 

㸰㸬㸯� ヨ㦂∦�

ヨ㦂∦ࢫࢡࢵࣜࢺ࣐ࠊࡣᶞ⬡ࣥࣟ࢖ࢼࡀ 6 ࡢ CFRTP 

㸦Bond-Laminates 〇ࠊTEPEX 202ࠊCF/PA6㸧࡜ A5052

ࡉཌࡶ∦ヨ㦂ࡢࡽࡕ࡝ࠊ࠸⏝ࢆ 2mm ࡽ࠿ᯈᮦࡢ

100mm×25mm 㠃⾲ࡸ⌮㠃ฎ⾲ࠊࡋࡔࡓࠋࡓࡋฟࡾษ࡟

ᨵ㉁࠸࡞ࢃ⾜ࢆヨ㦂∦ࢆ౑⏝ࠋࡓࡋ�

㸰㸬㸰� ㉸㡢Ἴ᥋ྜ�

CF/PA6 ࡜ A5052 A5052ࠊࡣᮦ᥋ྜ✀␗ࡢ ࡋ࡟ୗഃࢆ

࡟ഃୖࡢࡑ࡚ CF/PA6 ࡽ࠿㒊➃ࢆ 12.5mm 㔜࡚ࡡ἞ල࡟

ࠊ㉸㡢Ἴ⁐╔ᶵ㸦⢭㟁⯋㟁Ꮚᕤᴗ㸦ᰴ㸧〇ࠊࡋࢺࢵࢭ

DΣG2210㸧࡚࠸⏝ࢆᡤᐃࡢ᥋ྜ᮲௳࡚࠸࠾࡟㉸㡢Ἴ᥋

ࡣ᣺ᖜࠊࡣ௳᥋ྜ᮲࡛ࡇࡇࠋࡓࡗ⾜ࢆྜ 28μm30ࠊμmࠊ

32μmࡢ࣮ࣥ࣍ࠊタᐃᅽຊ㸦ຍᅽຊ㸧ࡣ 0.15MPa ࠊࡋ࡜

ຍ᣺᫬㛫ࡣ 3 ࡽ࠿⛊ 6 ࣮ࣝ࣍ࡢຍ᣺⤊஢ᚋࠊ࠼ኚ࡛ࡲ⛊

ࡣ᫬㛫ࢻ 10 ຍ᣺ࢆ㉸㡢Ἴࡣຍ᣺᫬㛫ࠊ࠾࡞ࠋࡓࡋ࡜⛊

࢚ࡓ࠼୚࡟∦ヨ㦂࡟᥋ྜ୰ࡣ࣮ࢠࣝࢿ࢚᥋ྜࠊ᫬㛫ࡓࡋ

࡟ຍ᣺᫬㛫୰ࡣỿ㎸㔞ࠊ࣮ࢠࣝࢿ CF/PA6 ࡔࢇ㎸ࡳỿࡀ

㔞ࠋࡓࡋ࡜�

㸰㸬㸱�  ᗘᒚṔ�

㉸㡢Ἴ᥋ྜࡿࡅ࠾࡟ᇶ♏ⓗ࡞ᐇ㦂᮲௳᳨ࢆウࡵࡓࡿࡍ

CF/PA6ࠊࡣᗘᒚṔ ᐃ ࠋࡓࡗ⾜ࢆᗘᒚṔ ᐃ ࡟ ࡜

A5052 ȭ0.1mm࡟୰ᚰ௜㏆ࡢ㒊ศࡾ࡞㔜ࡢ ࢆ㟁ᑐ⇕ࡢ

ᇙࡵ㎸ྛ࡚࠸⏝ࢆ࣮࢞ࣟࢱ࣮ࢹࠊࡳ᥋ྜ᮲௳ࡿࡅ࠾࡟ヨ

㦂∦ࡢ ᗘኚ໬ࢆ ᐃࠋࡓࡋ�

㸰㸬㸲� ᘬᙇ᩿ࢇࡏᙉᗘ�

� ㉸㡢Ἴ᥋ྜࡿࡼ࡟ CF/PA6 ࡜ A5052 ᢕࢆ᥋ྜᙉᗘࡢ
 * ḟୡ௦ᢏ⾡㒊 



ᒱ㜧┴⏘ᴗᢏ⾡⥲ྜ࣮ࢱࣥࢭ◊✲ሗ࿌� ➨㸯ྕ�

�

- 66 - 

ᥱࣉࢵࣛࣝࢢࣥࢩࠊ࡟ࡵࡓࡿࡍ⥅ᡭヨ㦂ࡿࡼ࡟ᘬᙇࢇࡏ

᩿ヨ㦂ࢆ୓⬟ᮦᩱヨ㦂ᶵ㸦�ᰴ�ᓥὠ〇సᡤ〇ࠊAG-IS 

100kN㸧ࠊ࠸⾜ࡾࡼ࡟᥋ྜ㒊ࡀ◚ቯ᭱ࡿࡍ኱Ⲵ㔜ࢆ᥋ྜ

ᙉᗘࠊࡓࡲࠋࡓࡋ࡜ᘬᙇヨ㦂ᚋࡢヨ㦂∦ࡢ⏺㠃ࢆ㉮ᰝᆺ

㟁Ꮚ㢧ᚤ㙾㸦᪥ᮏ㟁Ꮚ�ᰴ�〇ࠊJSM IT-100㸧ࣟࢡ࢖࣐࡜

ほᐹࡾࡼ࡟VHX-1000㸧ࠊ〇ࢫ࢚࣮ࣥ࢟�ᰴ�㸦ࣉ࣮ࢥࢫ

�ࠋࡓࡋホ౯࡚ࡏేࡶែ≦⼥⁐ࡢ⬡ᶞࢫࢡࢵࣜࢺ࣐ࠊࡋ

 

㸱㸬⤖ᯝཬࡧ⪃ᐹ 

㸱㸬㸯�  ᗘᒚṔ�

ຍᅽຊࢆ 0.15MPaࠊ᣺ᖜࢆ 28μm30ࠊμm32ࠊμmࠊຍ

᣺᫬㛫ࢆ 5 CF/PA6ࠊࡋ࡜⛊ ࡜ A5052 ㉸㡢Ἴ᥋ྜࢆ

㸦CF/PA6-A5052㸧ࡓࡋ᫬ࡢ ᗘᒚṔ୍ࡢ౛࡜๓ሗ ��࡛

ሗ࿌ࡓࡋ CF/PA6 ྠ✀ᮦྠኈࢆ㉸㡢Ἴ᥋ྜ㸦CF/PA6-

CF/PA6㸧ࡓࡋ ᗘᒚṔ୍ࡢ౛㸦ຍᅽຊ 0.1MPaࠊ᣺ᖜ

30μmࠊຍ᣺᫬㛫 3 ⛊㸧ࢆẚ㍑⏝࡚ࡏࢃྜ࡟ᅗ㸯ࠋࡍ♧࡟

ᅗ㸯ࠊࡾࡼCF/PA6-A5052 ᣺ࡢ࡚࡭ࡍࠊࡽ࠿ᗘᒚṔ ࡢ

ᖜࠊ࡚࠸࠾࡟㉸㡢Ἴຍ᣺┤ᚋࡽ࠿⏺㠃 ᗘࢡ࣮ࣆࡣ ᗘ

㸦ࢀࡒࢀࡑ⣙ 240Υࠊ⣙ ⣙ࠊ℃270 330℃㸧ࠊࡋ᪼ୖ࡛ࡲ

ຍ᣺⤊஢ᚋࡣᚎ࡟ࠎపୗࡀ࡜ࡇࡿࡍศࠊࡓࡲࠋࡓࡗ࠿⏺

㠃ࢡ࣮ࣆࡢ ᗘࡣ᣺ᖜࡀ኱࠸ࡁ⛬㧗୍ࠋࡓࡗ࡞ࡃ᪉ࠊ

CF/PA6-CF/PA6 ࡟ᛴ⃭࡟ຍ᣺㛤ጞ┤ᚋࠊࡣᗘᒚṔ ࡢ

⏺㠃 ᗘࠊࡋ᪼ୖࡀ⣙ 1 ᗘ㸦⣙ ࢡ࣮ࣆ࡛⛊ 400℃㸧࡟

పୗ࡟ࠎᚎࡣຍ᣺⤊஢ᚋࠊࡋపୗ࡟ࠎᚎࡣᚋࡢࡑࠊࡾ࡞

 ࠋࡓࡋ

CF/PA6-A5052 ࡜ CF/PA6-CF/PA6 ẚ㍑ࢆᗘᒚṔ ࡢ

㐩᫬㛫฿ࡢ࡛ࡲᗘ ࢡ࣮ࣆࡽ࠿ຍ᣺㛤ጞ┤ᚋࠊ࡜ࡿࡍ

㸦 ᗘୖ᪼⋡㸧ࢡ࣮ࣆ࡜ ᗘ࡟㢧ⴭ࡞㐪ࡀ࡜ࡇࡿ࠶ࡀ࠸

ศ� ᙳ㡪ࡀ࠸㐪ࡢ⋠ఏᑟ⇕ࠊ⇕ẚࡢᮦᩱࡣࢀࡇࠋࡓࡗ࠿

�ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ

㸱㸬㸰� ᥋ྜᙉᗘホ౯�

CF/PA6-A5052 ࡟ᅗ㸰ࢆ㛵ಀࡢ᥋ྜᙉᗘ࡜ຍ᣺᫬㛫ࡢ

ࡀ᣺ᖜࠊࡾࡼᅗ㸰ࠋࡍ♧ 28μm ࡀຍ᣺᫬㛫ࠊࡣ࡛ 4 ⛊௨

ୗ࡛ࡣ᥋ྜ5ࠊࡎࡁ࡛ࡀ ኱ࡀࡁࡘࣛࣂࡢ᥋ྜᙉᗘࡣ࡛⛊

6ࠊࡃࡁ ࡣ᥋ྜᙉᗘࡢ᫬ࡢ⛊ 5 పࡾࡼ᥋ྜᙉᗘࡢ᫬ࡢ⛊

ୗࡿࡍഴྥࡀぢࠋࡓࢀࡽ᣺ᖜࡀ 30μm ࡀຍ᣺᫬㛫ࠊࡣ࡛

3 ⛊௨ୗ࡛ࡣ᥋ྜ࡛4ࠊࡎࡁ ࣂࠊࡃపࡀ᥋ྜᙉᗘࡣ࡛⛊

5ࠋࡓࡗ࠿ࡁ኱ࡀࡁࡘࣛ ࠊࡾ࡞࡜኱᭱ࡣ᥋ྜᙉᗘ࡟᫬ࡢ⛊

6 ࡀ᣺ᖜࠋࡓࢀࡽぢࡀഴྥࡿࡍపୗࡣ࡛⛊ 32μm ࠊࡣ࡛

ຍ᣺᫬㛫ࡀ 3 4ࠊࡃప࡟㠀ᖖࡣ᥋ྜᙉᗘࡣ࡛⛊ ࡜⛊ 5 ⛊

5ࠊࡀࡓࡗ࠶ᗘ࡛⛬ྠࡣ᥋ྜᙉᗘࡢ᫬ࡢ ᥋ྜᙉࡢ᫬ࡢ⛊

ᗘࡀࡁࡘࣛࣂࡣ኱ࡿ࡞ࡃࡁഴྥࡀぢࠋࡓࢀࡽ 

┦࡞☜᫂ࡣ࡟᥋ྜᙉᗘ࡜ຍ᣺᫬㛫ࠊࡽ࠿ᯝ⤖ࡢࡽࢀࡇ

㛵㛵ಀࡣぢࠊࡀࡓࡗ࠿࡞ࢀࡽ᣺ᖜࡾࡼ࡟᥋ྜᙉᗘ᭱ࡀ኱

 ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࡍᏑᅾࡀຍ᣺᫬㛫ࡿ࡞࡟

ຍ᣺᫬ࡿ࡞࡜኱᭱ࡀ᥋ྜᙉᗘ࡚࠸࠾࡟᣺ᖜࡢࢀࡒࢀࡑ

㛫࡛ࠊࡣ⏺㠃ࢫࢡࢵࣜࢺ࣐ࡢᶞ⬡ࡣ༑ศࡿ࠸࡚ࡋ⼥⁐࡟

ࢵࣜࢺ࣐ࠊࡣࡁࡘࣛࣂࡢ᥋ྜᙉᗘࠊࡓࡲࠋࡿࢀࡽ࠼⪄࡜

ࢽ࣑ࣝ࢔ࠊᏑᅾ㔞ࡢ㠃࡛⏺࡜㔞⼥⁐ࡢ㠃࡛⏺ࡢ⬡ᶞࢫࢡ

ຍ᣺ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ㛵ಀࡀ㠃≧ែ⾲ࡢ㔠ྜ࣒࢘

᫬㛫࠸▷ࡀሙྜࢫࢡࢵࣜࢺ࣐ࡣᶞ⬡ࡢ⏺㠃࡛ࡢ⁐⼥㔞ࡀ

ᑡ࠸࡞ཪࡣᏳᐃࠊࡵࡓ࠸࡞ࡋ⏺㠃࡛ࡢ⁐⼥㔞ࡾ࡞␗ࡀ᥋

ྜᙉᗘ࡟ᙳ㡪୍ࠋࡿࢀࡽ࠼⪄࡜ࡓࡋ᪉ࠊຍ᣺᫬㛫ࡀ㛗࠸

ሙྜࠊࡣⅣ⣲⧄⥔ࡳࡣࡀฟࠊࡋⅣ⣲⧄⥔ୖࢡࢵࣜࢺ࣐ࡢ

ᙳ࡟᥋ྜᙉᗘࡀ࡜ࡇࡿࡍῶᑡࡀᏑᅾ㔞ࡢ㠃࡛⏺ࡢ⬡ᶞࢫ

㡪ྜ࣒࢘ࢽ࣑ࣝ࢔ࠊࡓࡲࠋࡿࢀࡽ࠼⪄࡜ࡓࡋ㔠ࡢ⾲㠃㓟

໬⭷ࡢཌࡾࡼ࡟ࡉ᥋ྜᙉᗘࢽ࣑ࣝ࢔ࠊࡽ࠿࡜ࡇࡿ࡞␗ࡀ

 ࠋࡿࢀࡽ࠼⪄࡜ࡓࡋᙳ㡪࡟᥋ྜᙉᗘࡀ㠃≧ែ⾲ࡢ㔠ྜ࣒࢘

ᅗ㸯� CF/PA6-A5052 ࡜ CF/PA6-CF/PA6 �ᗘᒚṔ ࡢ

㸦CF/PA6-A5052㸸ຍᅽຊ 0.15MPa㸪CF/PA6-CF/PA6

㸸ຍᅽຊ 0.1MPa㸧 
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ḟ࡟ CF/PA6-A5052 㛵ࡢ᥋ྜᙉᗘ࡜࣮ࢠࣝࢿ࢚᥋ྜࡢ

ಀࢆᅗ㸱ࠋࡍ♧࡟ᅗ㸱ࠊࡾࡼCF/PA6 ࡜ A5052 ࡍ᥋ྜࢆ

ࡀ᣺ᖜࠊࡣ࡟ࡵࡓࡿ 28μm30ࠊμm ࣮ࢠࣝࢿ࢚᥋ྜࡣ࡛

ࡀ 2800J ௨ୖᚲせ࡛ࡀ࡜ࡇࡿ࠶ศࠊࡓࡲࠋࡓࡗ࠿᣺ᖜࡀ

32μm ࡀ࣮ࢠࣝࢿ࢚᥋ྜࡣ࡛ 2400J ௨ୖ࡛᥋ྜྍࡀ⬟࡛

ࡀ࣮ࢠࣝࢿ࢚᥋ྜࠊࡀࡓࡗ࠶ 2600J ᮍ‶࡛ࡣ᥋ྜᙉᗘࡀ

పࠋࡓࡗ࠿ 

ࡣ᥋ྜᙉᗘ࡜࣮ࢠࣝࢿ࢚᥋ྜࡶ࡚࠸࠾࡟᣺ᖜࡢࢀࡎ࠸

ᐦ᥋࡞㛵ಀࠊࡾ࠶ࡀCF/PA6 ࡜ A5052 ⣙ࢆ 200N ௨ୖࡢ

᥋ྜᙉᗘ࡛᥋ྜࡿࡍሙྜࠊࡣ᥋ྜࡀ࣮ࢠࣝࢿ࢚ 2800J ௨

ୖᚲせ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ 

ḟ࡟ CF/PA6-A5052 ᅗ㸲ࢆ㛵ಀࡢ᥋ྜᙉᗘ࡜ỿ㎸㔞ࡢ

ࡀ᣺ᖜࠊࡾࡼᅗ㸲ࠋࡍ♧࡟ 28μm ࡀỿ㎸㔞ࡣ࡛ 0.65mm

ᮍ‶࡛ࡣ᥋ྜ࡛ࠊࡓࡲࠋࡓࡗ࠿࡞ࡁ᣺ᖜࡀ 30μm ỿࡣ࡛

㎸㔞ࡀ 0.50mm ᮍ‶ࠊ᣺ᖜࡀ 32μm ࡀỿ㎸㔞ࡣ࡛

0.70mm ᮍ‶࡛ࡣ᥋ྜࠋࡓࡗ࠿࡞ࡁ࡛ࡀ࡜ࡇࡿࡍ 

㛵࡞ᐦ᥋ࡣ᥋ྜᙉᗘ࡜ỿ㎸㔞ࡶ࡚࠸࠾࡟᣺ᖜࡢࢀࡎ࠸

ಀࠊࡾ࠶ࡀỿ㎸㔞ࡀ኱࠸ࡁሙྜࡣ᥋ྜᙉᗘࡀ㧗ࡿ࡞ࡃഴ

⣙ࠋࡓࢀࡽぢࡀྥ 200N ௨ୖࡢ᥋ྜᙉᗘ࡛᥋ྜࡿࡍሙྜ

0.90mmࠊࡣ ௨ୖࡢỿ㎸㔞ࡀᚲせ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ 

ḟ࡟ CF/PA6-A5052 㛵ಀࡢỿ㎸㔞࡜࣮ࢠࣝࢿ࢚᥋ྜࡢ

࠸ࡣỿ㎸㔞࡜࣮ࢠࣝࢿ࢚᥋ྜࠊࡾࡼᅗ㸳ࠋࡍ♧࡟ᅗ㸳ࢆ

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶ẚ౛㛵ಀ࡛ࡶ࡚࠸࠾࡟᣺ᖜࡢࢀࡎ

᥋ྜࡀ࣮ࢠࣝࢿ࢚ప࠸ሙྜࠊࡣCF/PA6 ࢫࢡࢵࣜࢺ࣐ࡢ

ᶞ⬡ࡀ༑ศ⁐⼥ࡵࡓ࠸࡞࠸࡚ࡋỿ㎸㔞ࡀᑡࠊࡀ࠸࡞᥋ྜ

⁐࡟༑ศࡀ⬡ᶞࢫࢡࢵࣜࢺ࣐ࠊࡣሙྜ࠸㧗ࡀ࣮ࢠࣝࢿ࢚

�ࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞ࡃከࡀỿ㎸㔞ࠊࡵࡓࡿ࠸࡚ࡋ⼥

㸱㸬㸱� ᥋ྜ⏺㠃ホ౯�

� ᣺ᖜ 30μmࠊຍ᣺᫬㛫 4 ⛊㸦᥋ྜᙉᗘ 0Nࠊ᥋ྜࢿ࢚

ỿ㎸㔞ࠊ2755J࣮ࢠࣝ 0.476mm㸧࡜᣺ᖜ 30μmࠊຍ᣺᫬

㛫 5 ⛊㸦᥋ྜᙉᗘ 423Nࠊ᥋ྜ3381࣮ࢠࣝࢿ࢚Jࠊỿ㎸㔞

0.998mm㸧࡛᥋ྜࡓࡋ CF/PA6-A5052 ⏺ࡢᘬᙇヨ㦂ᚋࡢ

㠃෗┿ࠊ஧ḟ㟁Ꮚീ㸦SEM ീ㸧ཬࣉ࣮ࢥࢫࣟࢡ࢖࣐ࡧ

ࡢ 3D ♧ࢀࡒࢀࡑ࡟(f),(d),(b)࡜ᅗ㸴(a),(c),(e)ࢆࢪ࣮࣓࢖

ࡢࡽࡕ࡝ࠊࡾࡼ┿㠃෗⏺ࡢᅗ㸴(a),(b)ࠋࡍ CF/PA6 ỿࡶ

ࡳࡣࡀ⬡ᶞࢫࢡࢵࣜࢺ࣐࡜⥔⧅Ⅳ⣲ࠊࡃ࡞࡛ࡅࡔࡴ㎸ࡳ

ฟࠊࡓࡲࠋࡓ࠸࡚ࡋᘬᙇヨ㦂ᚋࡢ CF/PA6 ⏺㠃ࢀࡎ࠸ࡣ

≦ࡓࡋ⼥⁐ࡀ⬡ᶞࢫࢡࢵࣜࢺ࣐ࡣࢀࡇࠋࡓࡗ࠶ᖹᆠ࡛ࡶ

ែ࡛ A5052 A5052ࠊࡵࡓࡿࡍ᥋࡜ ࡉ㌿෗ࡀ≦㠃ᙧ⾲ࡢ

 ࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞࡟ᖹᆠࠊࢀ

᥋ྜᙉᗘࡀ 0N ࡓࡗ࠶࡛ CF/PA6-A5052㸦ຍ᣺᫬㛫 4

⛊㸧ࡢ CF/PA6 ⏺㠃ࠊࡣᅗ㸴(c)ࡢ SEM ീࡾࡼᖹᆠ࡞㒊

ศࠊᑠ࡞ࡉẼἻ࡜Ⅳ⣲⧄⥔ୖࢫࢡࢵࣜࢺ࣐ࡢᶞ⬡ࡀᑡ࡞

ࡢᅗ㸴(e)ࠊࢀࡉほᐹࡀ㒊ศࡓࡗ࡞ࡃ 3D ࣐ࡾࡼࢪ࣮࣓࢖

ࡉほᐹࡣ㒊ศ㸦Ⅳ⣲⧄⥔㸧࠸࡞ࡋᏑᅾࡀ⬡ᶞࢫࢡࢵࣜࢺ

࠿ỿ㎸㔞ࠊ࣮ࢠࣝࢿ࢚᥋ྜ࡜ᯝ⤖ࡢࡽࢀࡇࠋࡓࡗ࠿࡞ࢀ

୙༑ศࡀ㔞⼥⁐ࡀࡓ࠸࡚ࡋ⼥⁐ࡣ⬡ᶞࢫࢡࢵࣜࢺ࣐ࠊࡽ

 ࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࠶࡛

୍᪉ࠊ᥋ྜᙉᗘࡀ 423N ࡓࡗ࠶࡛ CF/PA6-A5052㸦ຍ

᣺᫬㛫 5 ⛊㸧ࡢ CF/PA6 ⏺㠃ࠊࡣᅗ㸴(d)ࡢ SEM ീࡾࡼ

ᅗ㸳� CF/PA6-A5052 ࡢỿ㎸㔞࡜࣮ࢠࣝࢿ࢚᥋ྜࡢ

㛵ಀ㸦ຍᅽຊ 0.15MPa㸧 
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(c)CF/PA6 ⏺㠃ࡢ SEM ീ�   (d)CF/PA6 ⏺㠃ࡢ SEM ീ 

㸦�100㸧� � � � � � � �  㸦�100㸧 
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(e)CF/PA6 ⏺㠃ࡢ 3D 㺐㺰㺎㺚㺼� (f)CF/PA6 ⏺㠃ࡢ 3D 㺐㺰㺎㺚㺼 

ᅗ㸴� CF/PA6-A5052 �㠃ほᐹ⏺ࡢ

(a),(c),(e)ຍᅽຊ:0.15MPa, ᣺ᖜ:30μm, ຍ᣺᫬㛫:4 ⛊ 

(b),(d),(f)ຍᅽຊ:0.15MPa, ᣺ᖜ:30μm, ຍ᣺᫬㛫:5 ⛊ 
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ᖹᆠ࡞㒊ศࠊẼἻ㒊ศ࡜Ⅳ⣲⧄⥔ୖࢫࢡࢵࣜࢺ࣐࡟ᶞ⬡

㒊ศ㸦A5052࠸࡞ࡋᏑᅾࡀ ഃ࡟ CF/PA6 ほᐹࡀᅛ╔㸧ࡀ

ࡢᅗ㸴(f)ࠊࢀࡉ 3D ࢵࣜࢺ࣐ࡢୖ⥔⧅Ⅳ⣲ࡾࡼࢪ࣮࣓࢖

ᯝ⤖ࡢࡽࢀࡇࠋࡓࢀࡉほᐹࡀ㒊ศ࠸࡞ࡋᏑᅾࡀ⬡ᶞࢫࢡ

ࡽ࠼⪄࡜ࡓ࠸࡚ࡋ⼥⁐࡟༑ศࡣ⬡ᶞࢫࢡࢵࣜࢺ࣐ࠊࡽ࠿

 ࠋࡿࢀ

 

㸲㸬ࡵ࡜ࡲ 

CF/PA6-A5052ࡢ᥋ྜ᮲௳᳨ࢆウࠊࡋ᥋ྜᙉᗘࢆホ౯

 ࠋࡓᚓࢆᯝ⤖ࡢḟ࡚ࡋ

1㸧 CF/PA6-A5052 ᣺ᖜࡢ࡚࡭ࡍࠊࡣᗘᒚṔ ࡢ㠃⏺ࡢ

ࠎᚎ࡛ࡲᗘ ࢡ࣮ࣆࡽ࠿ຍ᣺┤ᚋࡢ㉸㡢Ἴ࡚࠸࠾࡟

ࡿࡍపୗ࡟ࠎᚎࡣຍ᣺⤊஢ᚋࠊࡋ᪼ୖࡀ㠃 ᗘ⏺࡟

CF/PA6-CF/PA6ࠊࡓࡲࠋࡓࡗ࠿ศࡀ࡜ࡇ ࡢ㠃⏺ࡢ

 ᗘᒚṔࡿ࡞␗ࡣ࡜ഴྥࡀ࡜ࡇࡍ♧ࢆศࠋࡓࡗ࠿ 

2㸧 ᣺ᖜࠊຍ᣺᫬㛫ࡾࡼ࡟ CF/PA6-A5052 ࡣ᥋ྜᙉᗘࡢ

ࡾࡼ࡟㉸㡢Ἴ⦪᣺ືࠊࡀࡿ࡞␗ CF/PA6 ࡜ A5052 ࢆ

᥋ྜࠊࡓࡲࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ᣺ᖜࡾࡼ࡟᥋ྜᙉᗘ

ࡗ࠿ศࡀ࡜ࡇࡿ࠶ࡀ࠸㐪ࡣ࡟ຍ᣺᫬㛫ࡿ࡞࡟኱᭱ࡀ

 ࠋࡓ

3㸧 CF/PA6-A5052 ᐦࡣ࡟᥋ྜᙉᗘ࡜࣮ࢠࣝࢿ࢚᥋ྜࡢ

᥋࡞㛵ಀࡀ࡜ࡇࡿ࠶ࡀศࠊࡾ࠿CF/PA6 ࡜ A5052 ࢆ

⣙ 200N ௨ୖࡢ᥋ྜᙉᗘ࡛᥋ྜࡿࡍሙྜ2800ࠊࡣJ

௨ୖࡢ᥋ྜࡀ࣮ࢠࣝࢿ࢚ᚲせ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ 

4㸧 CF/PA6-A5052 ࡀ㛵ಀ࡞ᐦ᥋ࡣ᥋ྜᙉᗘ࡜ỿ㎸㔞ࡢ

ሙྜ࠸ࡁ኱ࡀỿ㎸㔞ࡶ࡚࠸࠾࡟᣺ᖜࡢࢀࡎ࠸ࠊࡾ࠶

⣙ࠊࡓࡲࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࡞ࡃ㧗ࡀ᥋ྜᙉᗘࠊࡣ

200N ௨ୖࡢ᥋ྜᙉᗘ࡛᥋ྜࡿࡍሙྜ0.90ࠊࡣmm ௨

 ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ᚲせ࡛ࡀỿ㎸㔞ࡢୖ

5㸧 CF/PA6-A5052 ࡀ᥋ྜᙉᗘࠊࡽ࠿ほᐹࡢ᥋ྜ⏺㠃ࡢ

430N ࡓࡗ࠶࡛ CF/PA6 ⏺㠃ࢫࢡࢵࣜࢺ࣐ࡢᶞ⬡ࡣ

༑ศ⁐⼥ࠊࡀࡓ࠸࡚ࡋ᥋ྜ࡛ࡓࡗ࠿࡞ࡁ CF/PA6 ⏺

㠃ࢫࢡࢵࣜࢺ࣐ࡢᶞ⬡ࠊࡣ⁐⼥㔞ࡀ୙༑ศ࡛ࡓࡗ࠶

 ࠋࡿࢀࡽ࠼⪄࡜

 

࠙ㅰ� � ㎡  ࠚ

ᮏ◊✲ࡢ㐙⾜ࠊࡾࡓ࠶࡟ඹྠ◊✲ඛࡢᒱ㜧኱ᏛᕤᏛ㒊

௰஭ᩍᤵྜྡ࡜≉௵ᩍᤵࡈࠊ࡟ᣦᑟ࣭ࡈຓゝࡁࡔࡓ࠸ࢆ

�ࠋࡍࡲࡋࡓ࠸ឤㅰࡃ῝࡟࡜ࡇࡓࡋࡲ
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