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㍍㔞ᮦᩱ㸭ሗᢏ⾡ࢆά⏝ࡓࡋ⚟♴ᶵჾࡢ㛤Ⓨ㸦➨㸯ሗ㸧�

 

༓ཎྖ*ࠊ▼❶*ࠊ㕥ᮌ㈗⾜*ࠊすᇉᗣᗈ*�

�

Development of assistive products utilizing innovative lightweight material and information technology㸦Ϩ㸧 

 

CHIHARA Kenji*, SENGOKU Tomoaki*, SUZUKI Takayuki* and NISHIGAKI Yasuhiro* 

 

� ᖹᡂ 26㹼30 ᖺᗘࢣࢫࣝ࣊ࡔࢇ⤌ࡾྲྀᶵჾ㛤Ⓨࠊࡣ࡛ࢺࢡ࢙ࢪࣟࣉ㍍㔞ࠊ㧗ᙉᗘࠊ㧗๛ᛶࡢ≉㛗ࡘࡶࢆ⇕

ྍረᛶⅣ⣲⧄⥔」ྜᮦᩱ㸦௨㝆ࠕࠊCFRTPࠖ㸧3ࠊ࡚࠸⏝ࢆD ࡸ࣮ࢼࣕ࢟ࢫ CAE タィ࣭ホ౯ࡾࡼ⾡ሗᢏࡢ➼

CFRTPࠊ࠸⾜ࢆ 〇ୗ⫥ලࢆ㛤Ⓨࡓࡋ ࡓࡋᨭࢆෆᴗ┴ࠊࡋ⏝άࢆ⾡㛤Ⓨせ⣲ᢏࡢࡽࢀࡇࠊᅇࠋ(1-2 2 ࡢ௳

◊✲㛤Ⓨ࡚࠸ࡘሗ࿌ࠋࡿࡍ 

 

㸯㸬ࡵࡌࡣ 

ᡂ㛗ࢆ୰࡛་⒪⚟♴ᶵჾศ㔝ࡢ␎ᡂ㛗࣭㞠⏝ᡓࠊࡣ┴

⏘ᴗࡘ୍ࡢ⨨ࠊࡾ࠾࡚ࡅᙜྠࡣ࡛࣮ࢱࣥࢭᡓ␎

ἢ࡚ࡗᖹᡂ 26㹼30 ᖺᗘࢣࢫࣝ࣊ᶵჾ㛤Ⓨ࢙ࢪࣟࣉ

⏝ࣜࣅࣁ༞୰ࣜ⬻ࠊࡳ⤌ࡾྲྀࢺࢡ CFRTP 〇ୗ⫥ල

ࡓࡋᐇ⏝ࢆ➼  ࠋ(1-2

ᮏᖺᗘࠊࡣࡽᮏ⏘ᴗࡢᣢ⥆ⓗ࡞ᡂ㛗ࢆᨭࠊࡵࡓࡿࡍ

ࡓࡋ✚࡛✲◊ࢺࢡ࢙ࢪࣟࣉ CFRTP ࠊ⾡ᡂᙧຍᕤᢏࡢ

3D ࡸ࣮ࢼࣕ࢟ࢫ 3D-CAD㸭CAEࠊ㊊ᅽศᕸ ᐃࢸࢫࢩ

ᙧࡿࡍᨭࢆෆᴗ┴ࡓ᪂ࠊࡋ⏝άࢆ⾡ሗᢏࡢ➼࣒

࡛◊✲㛤Ⓨࠋࡿ࠸࡛ࢇ⤌ࡾྲྀᅇࡢࡽࢀࡇࠊ㛤Ⓨせ⣲

ᢏ⾡ࢆά⏝ࠊࡋCFRTP 〇࣮ࣝࢯࣥཬࡧ CFRTP 〇యᖿ

ලࡢ㛤Ⓨࡔࢇ⤌ࡾྲྀ⤖ᯝ࡚࠸ࡘሗ࿌ࠋࡿࡍ�

 

㸰㸬ᴗࢬ࣮ࢽ㛤Ⓨෆᐜ 

㸰㸬㸯� CFRTP 〇࣮ࣝࢯࣥ�

ࡋ╔ෆഃᗏࡢ㠐ࠊ㏻ᖖࠊࡣ㸦୰ᩜ㸧࣮ࣝࢯࣥ

࡛ࢶ࣮ࣃࡓࡋⓗ┠ࢆࡇࡿࡍ⦅ࢆᧁ⾪ࡢ㊊ࠊ࡚

ࡀࡢࡶࡿ࠸࡚ࢀࡽస࡚ࡋᒙ✚ࢆ⓶ࡸᕸ⬡ⓎἻᶞࠊࡾ࠶

ከࡢ⯡୍ࠋ࠸㠐ࡿࢀࡽ࠸⏝ࠊᡥᖹ㊊ࡸእẕ㊑➼ࠊ

㊊ࡢ⮬⏤࡞᪉ࡢṌ⾜ᨭࡸ≧㐍⾜㜵Ṇ➼ࡢ་⒪⏝ලࠊ

࣮࣏ࢫࡿࡏࡉୖྥࢆ⬟㌟యᶵࡢ࡛➼ࢢࣥࢽࣥࣛࡸ࣮࢟ࢫ

�ࠋࡿ࠸࡚ࢀࡽ࠸⏝ရ⏝ࢶ

࠸⏝ࢆ࣮ࣝࢯ࡚ࣥ࠸࠾㏵⏝ࢶ࣮࣏ࢫࡸ་⒪ࠊ≉

ࡇࡿ࠶ရ࡛ࢻ࣓࣮ࢲ࣮࢜ࠊࡣሙྜࡿ ㍍㔞ࠊࡓࡲࠊ(3

࡛㧗๛ᛶ࡛ࡀࡇࡿ࠶ᮃࢆ࣮ࣝࢯࣥࠊ࡛ࡇࡑࠋ࠸ࡋࡲ

〇㐀㈍ࡿ࠸࡚ࡋ┴ෆᴗࡢࡽ㛤Ⓨࠊ࡚ࡅཷࢆࢬ࣮ࢽ

ୖグ≉ᛶࡍࡓ‶ࢆ CFRTP 〇࣮ࣝࢯࣥࢻ࣓࣮ࢲ࣮࢜

2 ✀㢮ࢆ㛤Ⓨࠋࡓࡋ�

㸰㸬㸰� CFRTP 〇యᖿල�

యᖿලࠊࡣᅽ㏕㦵ᢡ᳝ࡸ㛫ᯈࡢ➼ࢽࣝ࣊ᝈ⪅

ฎ᪉ࠊࢀࡉయᖿࢆࡁືࡢไ㝈ࠊࡋ㌟యࡢ㈇ᢸࢆ㍍ῶࡍ

�ࠋࡿ࠶࡛ࡢࡶࡿࡍ⏝ⓗ࡛┠ࡿ

┴ෆࡢ⩏⫥ල♫࡛ࠊࡣ㝔ࡢࡽ౫㢗ࠊ࡚ࡅཷࢆ

ࠊࡀࡿ࠸࡚ࡋ〇సࢆయᖿල࡚࠸⏝ࢆᯈᮦࢫࣞࣥࢸࢫ

ࡓࡋຊ┬ࢆࢀࡇࡵࡓࡿࡀᡭ㛫᥋సᴗ⁐ࡸᯈ㔠ࠕ

ࢽࡢࠖࠋ࠸ࡋࡀయᖿලࡓࡋᒙ㍍㔞୍ࠕࠊࠖࠋ࠸

CFRTPࠊࡵࡓࡿ࠶ࡀࢬ࣮ 〇యᖿලࢆ㛤Ⓨࠋࡓࡋ�

 

㸱㸬㛤Ⓨ⤖ᯝ 

㸱㸬㸯� CFRTP 〇࣮ࣝࢯࣥ�

㸱㸬㸯㸬㸯� �࣮ࣝࢯࣥࢻ࣓࣮ࢲ࣮࢜

CFRTP ࡀࡢࡶࡢ㢮✀ᩘ᪤ࠊࡣ࣮ࣝࢯࣥࡓ࠸⏝ࢆ

ᕷ㈍ࠊࡀࡿ࠸࡚ࢀࡉ᪤ᐃࢬࢧရࡀከ࣓࣮ࢲ࣮࢜ࠊࡃ

ࠋ࠸࡞ᑡࡾ࠾࡚ࢀࡽ㝈㏵⏝ࢶ࣮࣏ࢫࡢ➼࣮࢟ࢫࡣရࢻ

ࢀࡇࠊ࡚࠸⏝ࢆ㊊ᆺࡢพᆺࠊࡣရࢻ࣓࣮ࢲ࣮࢜ࠊࡓࡲ

ࠊฝᆺୖࡢࡇࠊࡋ〇సࢆฝᆺ࡛ࢇ㎸ࡋὶࢆ⭯▼

CFRTP ࡚ࡅࢆᅽຊ⇕ࠊࡋᒙ✚ࢆᮦᩱࡢᩘ「ࡴྵࢆ

�ࠋࡿࡀᡭ㛫ࠊ࡛ࡢࡿࡍ〇స࡚ࡋࢫࣞࣉ

ᅇࠊᡃྛࡣࠎಶேࡢ㊊ᆺࢆ᥇ྲྀࡋ㸦ᅗ㸯�D�㸧ࡇࠊ

ࡽࢀ 3D 㸦Creaform࣮ࢼࣕ࢟ࢫ ♫〇ࠊGo!SCAN50㸧

࣮ࢼࣕ࢟ࢫࠊE�㸧�㸦ᅗ㸯ࡋᚓྲྀࢆࢱ࣮ࢹ≦ᙧ࡚࠸⏝ࢆ

ᒓ࡛࢙࢘ࢺࣇࢯࡢせࡾྲྀࢆࢱ࣮ࢹ࡞㝖࣑ࣥࣜࢺࡃ

3D-CAD㸦SolidWorksࠊD�㸧�㸦ᅗ㸰࠸⾜ࢆ➼⌮ฎࢢ ♫

〇ࠊSOLIDWORKS Premium㸧㌿㏦ࢹࢫ࢙ࣇ࣮ࢧ࡚ࡋ

 * ḟୡ௦ᢏ⾡㒊 

� �� �
ᅗ㸯��D�㊊ᆺ᥇ྲྀ� �E�ᙧ≧ ᐃ�

�D�� �E��

�

ᅗ㸰��D�ࢢ࣑ࣥࣜࢺฎ⌮� �E�3D ᙧ≧ࢱ࣮ࢹ�

�D�� �E��
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ࡾࠊࡋࢱ࣮ࢹࢻࢵࣜࢯ࡛⌮ฎࡅࡳཌࠊኚࢱ࣮

Ṇࠊ࡚ࡋࡵୗ㒊ศࢆࢱ࣮ࢹࡢຍ࣮ࢯࣥࠊ࡚࠼

ࡢࣝ 3D ᙧ≧ࢆࢱ࣮ࢹసᡂࡓࡋ㸦ᅗ㸰�E�㸧ࠋᮏࢱ࣮ࢹ

ࢆ STL ྜ「⥔⧅Ⅳ⣲࡚࠸⏝ࢆࢀࡇࠊࡋኚࣝࣇ

ᮦᩱࡀ❧య㐀ᙧ࡛ࡿࡁ 3D 㸦Markforged࣮ࢱࣥࣜࣉ ♫〇ࠊ

Mark Two㸧ࢆ࣮ࣝࢯࣥࡾࡼヨసࡓࡋ㸦ᅗ㸱ࠊ௨㝆ࠊ

ヨస࣮ࣝࢯࣥ㸧ࠋᮏ 3D ࢆᮦᩱ࡞ࠎᵝࠊࡣ࣮ࢱࣥࣜࣉ

㑅ᢥ࡚ࡋ㐀ᙧ࡛ࠊࡀࡿࡁᅇࣥࣟࢼࠊࡣᶞ⬡㸦PA6㸧

ᮦᩱࢺ࣓ࣥࣛࣇࡔࢇ㎸ࡾ⦏ࢆ⥔⧅Ⅳ⣲࠸▷

㸦Markforged ♫〇ࠊONYX㸧ࢆ⏝ࠋࡓࡋᶵᲔⓗ࡞≀ᛶ

�ヨ㦂∦㸦100mm�15mm࣏࣮ࣥࢡࠊࡵࡓࡿᚓࢆ್

2mm(t)㸧ࢆ㐀ᙧࠊࡋ⬟ヨ㦂ᶵ㸦Instron 〇5985ࠊ ᆺ㸧

ࡾࡼ 3 Ⅼ᭤ࡆヨ㦂 ᛂࡆ᭤᭱ࠊᯝ⤖ࡢࡇࠋࡓࡗ⾜ࢆ(4

ຊࡣ 25.9MPa㸦n=3ࠊσ=3.7㸧ࠊ᭤ࡆᙎᛶ⋡ࡣ 2.0GPa

㸦n=3ࠊσ=0.1㸧࡛ࠋࡓࡗ࠶ᮏ〇స᪉ἲࠊࡣᚑ᮶ࢲ࣮࢜ࡢ

ࠊࢀࡉ⡆␎ࡀ⛬ᕤ࡚ࡋẚ㍑〇స᪉ἲࡢရࢻ࣓࣮

3D ࠊࡵࡓࡿ࠶࡛⬟ྍࡀࡇࡍṧࢆ⛬ᕤ࡚ࡋࢱ࣮ࢹ

〇సࡸᒚṔࡀ⌮⟶ࡢᐜ࡛᫆ࠋࡿ࠶�

ḟࢆ࣮ࣝࢯࣥࠊ╔ࡓࡋ㠐࡚࠸ࡣࢆ 30 ⛊㛫ࠊ㏻

ᖖ࡛ࡉ㏿ࡢṌ⾜ࡓࡋࠊࡢ㊊ࡿᅽຊࠊࢆ㊊ᅽศ

ᕸ ᐃ࣒ࢸࢫࢩ㸦T&T medilogic ♫〇ࠊmedilogic WLAN  

Measuring Insole㸧ࡾࡼ ᐃࠋࡓࡋ╔࣮ࣝࢯࣥࡿࡍ

ࣥࡿ࠸࡚ࡋᖏ㠐ࠎඖࠊࡢ࣮ࣝࢯࣥヨసࠊࡣ

࣮ࣝࢯࣥࠊ㸦௨㝆࣮ࣝࢯ A㸧ࠊཬࡧᕷ㈍ࡿ࠸࡚ࢀࡉ᪤

ᐃࡢࢬࢧ CFRTP 〇࣮ࣝࢯࣥ 3 ✀㸦௨㝆࣮ࢯࣥࠊ

ࣝ BࠊCࠊD㸧ࡢィ 5 ✀㢮࡚࠸ࡘホ౯ࠋࡓࡋ 

ᅗ㸲ࠊヨస࣮ࣝࢯࣥཬ࣮ࣝࢯࣥࡧ A ㊊ࡢ࡛

ᅽຊศᕸࡢ ᐃ⤖ᯝࠋࡍ♧ࢆᅗ㸲ࡢ�D�࣮ࢯࣥࠊࡾࡼ

ࣝ A ᕥ㊊ࠊࡣ࡛ 80%㸭ྑ㊊ ᨭࢆ㒊ศ࡛య㔜ࡢ84%

ࡣᅽຊ᭱ࡿ㊊ࠊࡾ࠾࡚࠼ 39.6N/cm2 ࠋࡓࡗ࠶࡛

୍᪉ࠊヨసࠊࡣ࡛࣮ࣝࢯࣥᅗ㸲ࡢ�E�ࠊࡾࡼᕥ㊊

86%㸭ྑ㊊ ㊊ࠊࡾ࠾࡚࠼ᨭࢆ㒊ศ࡛య㔜ࡢ90%

ࡣᅽຊ᭱ࡿ 29.8N/cm2 ࠊࡣ࣮ࣝࢯࣥヨసࠋࡓࡗ࠶࡛

࣮ࣝࢯࣥ A ࡚ࡗࡀⲴ㔜㊊యࠊ࡚ࡋẚ㍑

ศࡀࡇࡿ࠸࡚ࡋ㍍ῶࢆᅽຊ᭱ࡿ㊊ࠊࡾ࠾

Ⲵ㔜㊊⿕ࡢ࣮ࣝࢯࣥࡢ࡚ࡓࡋヨ㦂ࠊᵝྠࠋࡓࡗ

㠃✚ࡢྜ㊊᭱ᅽຊࢆ⾲㸯ࠋࡍ♧ヨస࣮ࢯࣥ

ࡢ᪤〇ရࠊࡣࣝ CFRTP 〇࣮ࣝࢯࣥẚࠊయ㔜ࢆᨭ

ࡶ᭱ࡣᅽຊ᭱ࡢ㊊ࡓࡲࠊࡃከࡶ᭱ࡣ㊊ྜࡿ࠼

ᑠࡀࡇ࠸ࡉศࠋࡓࡗᮏヨసࢆ࣮ࣝࢯࣥ╔ࡓࡋ㠐

ࡑࡼ࠾࠾እฟࠊヨస௨᮶ࢆ 3 ࡿ࠸࡚ࡅ⥆ࡁ᭶㛫ᒚ

ᚰࡁᒚ࡞Ⰻዲࡣ㠐ࠊࡃ࡞ࡇࡿࡍ⪕ᾘࡣ࣮ࣝࢯࣥࠊࡀ

ᆅࢆ⥔ᣢࠋࡿ࠸࡚ࡋ 

㸱㸬㸯㸬㸰� RQ �࣮ࣝࢯࣥ࡞⬟ྍ⤖㐃

ᅇࠊඹྠ◊✲ࡓࡗ⾜ࢆᴗࡢ⯡୍ࠊ࡛ࡲࢀࡇࡣ

㠐ࢆୗ⫥ල࡚ࡋ⏝ྍ⬟ࢆࢶ࣮ࣃࡿࡍඹྠ㛤Ⓨ 1)

ࠋ㸧ࠖࢡࣝRQ㸸ࠕရྡၟࠊ�D�㸦ᅗ㸳ࡿ࠸࡚ࡋᕷ㈍ࠊࡋ

ࡓ࠼ഛࢆ㒊ศࣇ࢝ࡿ࠼ᨭࢆ㊊ࠊࡣࢀࡇ CFRTP 〇 L Ꮠᆺ

ᨭᰕࠊ㠐ᗏ࣮ࣝࢯࢺ࢘ࡢ㒊ศෆⶶࠊ࡚ࡋ๓グᨭᰕ

ࡿࢀࡉᵓᡂ࡛ࢺࢵࢣࢯ࡞⬟ྍࡋᕪࡁᢤࢆ 5)㸦ᅗ㸳�E�㸧ࠋ

�
ᅗ㸴ࠕRQࠖ㐃⤖ྍ⬟࡞ CFRTP 〇࣮ࣝࢯࣥ�

� �

ᅗ㸱�ヨసࡓࡋ CFRTP 〇࣮ࣝࢯࣥ�

⾲㸯�㊊᭱ᅽຊ⿕Ⲵ㔜㊊㠃✚ࡢ  ྜ

�

ヨస䜲䞁䝋䞊䝹 䜲䞁䝋䞊䝹㻭 䜲䞁䝋䞊䝹㻮 䜲䞁䝋䞊䝹㻯 䜲䞁䝋䞊䝹㻰

ᕥ㊊䛾㠃✚ྜ㼇㻑㼉 㻤㻢 㻤㻜 㻤㻡 㻤㻞 㻤㻝

ྑ㊊䛾㠃✚ྜ㼇㻑㼉 㻥㻜 㻤㻠 㻤㻤 㻤㻤 㻤㻢

᭱ᅽຊ㼇㻺㻛㼏㼙㻞㼉 㻞㻥㻚㻤 㻟㻥㻚㻢 㻟㻣㻚㻣 㻞㻥㻚㻤 㻟㻡㻚㻣

� �
ᅗ㸳�୍⯡ࡢ㠐ࢆୗ⫥ලࠕࢶ࣮ࣃࡿࡍRQࠖ�

�D�㠐ࡢ╔��E�ཎ⌮㸦≉チࡢ௦⾲ᅗ㠃㸧�

�E���D��

�

�
ᅗ㸲� Ṍ⾜ࡢ㊊ᅽຊศᕸ�

�D�࣮ࣝࢯࣥ㸿╔��E�ヨస࣮ࣝࢯࣥ╔�

�D��

�E��
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ᵝ࡞ࠎ㠐࣮ࣝࢯࢺ࢘ࡢ㒊ศࢆࢺࢵࢣࢯෆⶶࡇࡿࡍ

࡚ࡋୗ⫥ලࢆ㠐࡞ࠎᵝࠊ࡛ࡳࡢ⬺╔ࡢᨭᰕࠊࡾࡼ

⏝ࠊࡋࡋࠋࡿࡁ࡛ࡀࡇࡿࡍᮏࠊࡣࢶ࣮ࣃ㠐ᗏⷧࡀ

 ࠋࡓࡗ࠶㐺࡛ࡣሙྜࡿࡍࡾࡓࡂ㐣ࡽᰂࡾࡓࡗ

CFRTPࠊᅇ࡛ࡇࡑ 〇ᨭᰕࢆᕪࡋ㎸࡞⬟ྍࡀࡇࡴ

CFRTP 〇ࢆ࣮ࣝࢯࣥ᪂ࡓ㛤Ⓨࡓࡋ㸦≉チฟ㢪୰㸧ࠋ

ࡀࡇࡿࡍ⏝࡚ࡋୗ⫥ලࢆ㠐ࡢ༙ࠊࡾࡼࢀࡇ

ࣃࢵࡢ㠐ࠋࡍ♧ࢆࢪ࣮࣓⏝ᅗ㸴ࠋࡓࡗ࡞⬟ྍ

࣮ᚋ᪉㒊ศᶓ᪉ྥࢆࢺࢵࣜࢫࡢධࢆࡇࡇࠊ࡚ࢀ㏻࡚ࡋ

ࡢ࣮ࣝࢯࢺ࢘ࡢ㠐ࠊࡵࡓࡴ㎸ࡋᕪࢆᨭᰕ࣮ࣝࢯࣥ

ᮦ㉁➼㛵ಀࡃ࡞㠐ࢆୗ⫥ල࡚ࡋ⏝࡛ࡀࡇࡿࡍ

࣭Ṍ❧ࡾࡼ࣮ࣝࢯࣥࢻ࣓࣮ࢲ࣮࢜ࠊࡓࡲࠋࡿࡁ

⬟Ṍ⾜ᨭᶵࡢୗ⫥ලయࠊࡵࡓࡿࡁ࡛ࢺ࣮࣏ࢧࢆ⾜

 ࠋࡿࡁᮇᚅ࡛ࡶୖྥ

ᙜึࠊࡣᶞ⬡ 3D ヨసࢆ࣮ࣝࢯࣥࡾࡼ࣮ࢱࣥࣜࣉ

ࡓࡋᦆ◚ࡄࡍࠊࡌ⏕ࡀடᤄධཱྀ㏆ࠊࡵࡓࡓࡋ

㸦ᅗ㸵㸧ࠊࡣࢀࡇࠋᚋ᪉ࡢᤄධཱྀ࿘㎶㒊ศࡢᙉᗘ

㊊᥎ᐃࠊ࡛ࡇࡑࠋࡿࢀࡉⅣ⣲⧄⥔」ྜᮦᩱࢆ❧య㐀

ᙧ࡛ࡿࡁ 3D ヨసࢆ࣮ࣝࢯࣥ࡞ࡓ᪂ࡾࡼ࣮ࢱࣥࣜࣉ

㒊ศ࡛๛࠸ࡉᑠࡀ✚యࡢᤄධཱྀ࿘㎶ࠊࡣᅇ≉ࠋࡓࡋ

ᛶᙉᗘࢆ☜ಖࡿࡍᚲせࠊࡵࡓࡿ࠶ࡀ๓ฟ࠸▷ࡢⅣ⣲⧄

㐃⥆Ⅳࠊᮦᩱ㸦ONYX㸧ࢺ࣓ࣥࣛࣇࡔࢇ㎸ࡾ⦏ࢆ⥔

⣲⧄⥔ࢆ᮰ࣥࣟࢼ࡚ࡡᶞ⬡㸦PA6㸧ྵࢆࣇࡓࡏࡉ

ᮦᩱ㸦Markforgedࢺ࣓ࣥࣛ ♫〇ࠊCarbon Fiber CFF㸧ࢆ

ΰྜ࡚ࡋ✚ᒙࡿࡍ᮲௳ࡾࡼ㐀ᙧࠋࡓࡋ㐃⥆⧄⥔ࡢ᪉ྥ

࠺ࡼࡿ࡞ఝ➼᪉ᮦࡀᮦᩱࠊࡣ ⧞ࡢ45°-/90°/45°/0°

ୗࠊࡵࡓࡿࡍᙉ⿵㔜Ⅼⓗࢆᤄධཱྀ࿘㎶ࠊࡋࡋ㏉ࡾ

᪉ࡽ 72 ᒙࡢ࡛ࡲ㒊ศ Carbon Fiber CFF  ࠋࡓࡋΰྜࢆ

ᮏᮦᩱࡢᶵᲔⓗ࡞≀ᛶ್ࢆᚓ࣏࣮ࣥࢡࠊࡵࡓࡿヨ㦂∦

㸦100mm�15mm�2mm(t)㸧ࢆ㐀ᙧࠊࡋ⬟ヨ㦂ᶵ

㸦Instron 〇5985ࠊ ᆺ㸧ࡾࡼ 3 Ⅼ᭤ࡆヨ㦂 ࠋࡓࡗ⾜ࢆ(4

ࡣᛂຊࡆ᭤᭱ࠊᯝ⤖ࡢࡇ 295.3MPa㸦n=3ࠊσ=16.5㸧ࠊ

᭤ࡆᙎᛶ⋡ࡣ 31.0GPa㸦n=3ࠊσ=4.0㸧࡛ࠋࡓࡗ࠶ᮏ≀ᛶ

ᇶࢆ್ CAE ゎᯒ㸦SolidWorks ♫〇ࠊSOLIDWORKS 

Simulation㸧ࠋࡓࡗ⾜ࢆቃ⏺᮲௳࣮ࣝࢯࣥࠊࡣ

ᗏࡢ ȭ25mm ෆ㒊ࢆᅛᐃ࣮ࣝࢯࣥࠊࡋᨭᰕࡣ๛

యࠊࡋྜ⤖࡛ࣥࣆ࠸᥋ゐࠊࡓࡲࠋࡓࡋࡢࡶࡿࡍே

ゅᗘ᭱ࡢ㊊㛵⠇ࡿࡍኚୗ᪉ࡀ㊊ඛ㝿ࡿࡍ⾜Ṍࡀ

ࡀ ࡿ࡞15° ࠺ࡼ(6 CFRTP ᨭᰕୖ㒊 250mm 㒊ศࡢ

Ⲵ㔜 38N ࢫࢮ࣮࣑ࡿࡅ࠾௳グ᮲ୖᅗ㸶ࠋࡓ࠼ࢆ

ᛂຊࡢศᕸ⤖ᯝࠋࡍ♧ࢆᅗ㸶�D�ࠊ�E�࣮ࣝࢯࣥࠊࡾࡼ

እ࿘㒊ෆ㒊ࢫࢮ࣮࣑ࡢᛂຊ᭱ࡢ್ࠊࢀࡒࢀࡑࡣ

98MPa167.7ࠊMPa ࡿࡼヨ㦂ࡆ᭤ࡣࡽࢀࡇࠋࡓࡗ࠶࡛

᭱᭤ࡆᛂຊ್ 295.3MPa ࠊࡵࡓ࠸ࡉ༑ศᑠ࡚ࡋẚ㍑

�ࠋࡿࡁ᥎ᐃ࡛࠸࡞ࡋቯ◚ࡣ࣮ࣝࢯࣥ

タィࡓࡋ CFRTP 〇ࢆ࣮ࣝࢯࣥ 3D 㐀࡛࣮ࢱࣥࣜࣉ

ᙧࠊࡋRQ ࢆࢀࡇࠋࡍ♧�D�ᅗ㸷ࢆヨసࡓࡏࡉ⤖㐃

㠐╔㸦ᅗ㸷�E�㸧ࡋṌ⾜ࠊࢁࡇࡓࡋ◚ቯࡣ㉳ࡽࡇ

࡚ࡋࡓᯝࡶ⬟ᶵࡢ࡚ࡋୗ⫥ලࡢ➼ᑤ㊊㜵Ṇࡓࡲࠊࡎ

 ࠋࡓࡋㄆ☜ࢆࡇࡿ࠸

�
ᅗ㸵ࠕRQࠖ㐃⤖ྍ⬟ྕึࡢ࣮ࣝࢯࣥ࡞ヨస�

�

�
ᅗ㸶�CFRTP 〇ࡢ࣮ࣝࢯࣥᙉᗘゎᯒ⤖ᯝ�

�D�࣮ࣝࢯࣥእ࿘㒊� �E�࣮ࣝࢯࣥෆ㒊�

�D��

�E��

���� � � �
ᅗ㸷ࠕRQࠖ㐃⤖ྍ⬟࡞ CFRTP 〇࣮ࣝࢯࣥ�

�D�RQ �╔E�㠐��࣮ࣝࢯࣥࡓࡏࡉ⤖㐃

�D�� �E��

�
ᅗ㸴ࠕRQࠖ㐃⤖ྍ⬟࡞ CFRTP 〇࣮ࣝࢯࣥ�



ᒱ㜧┴⏘ᴗᢏ⾡⥲ྜ࣮ࢱࣥࢭ◊✲ሗ࿌� ➨㸯ྕ�

�
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㸱㸬㸰� CFRTP 〇యᖿල�

ඹྠ◊✲ࡓࡗ⾜ࢆ⩏⫥ල♫࡛ࠊࡣ་ᖌࡽᣦ♧ࡉ

ࡳཌࠊ⪄ཧࢆ⨨㓄ࡢୖࣝࢹࣔ⭯▼ࡓࢀ 1mm ᖜ 15mm

యᖿල࡚ࡋ⤖᥋࡛㐃⁐ࠊࡆᯈ㔠࡛᭤ࢆᯈࢫࣞࣥࢸࢫࡢ

ከࡀ⛬సᴗᕤࠊ㸦ᅗ��㸧ࡀࡿ࠸࡚ࡋ〇సࢆ࣒࣮ࣞࣇࡢ

ࡾᅗࡶ㍍㔞ࡢయᖿල⮬యࠊࡓࡲࠊ࠸ࡓࡋ๐ῶࡵࡓ࠸

�ࠋࡿ࠶ࡀせᮃࡢ࠸ࡓ

ࡾࢃ௦ࡢᯈࢫࣞࣥࢸࢫࠊ࡛ࡇࡑ CFRTP ࡇࡿ࠸⏝ࢆ

ࡇࡿࡍ⏝άࢆ⾡ሗᢏࠊࡓࡲࠊࡾᅗࢆ㍍㔞ࡾࡼ

࡛సᴗᕤ⛬ࡢ⡆␎ࢆᅗࠋࡓࡗᥦࡿࡍసᴗᕤ⛬ࢆḟࠊ

�ࠋࡍ♧��ᅗࢆヨసࡿࡼ⛬సᴗᕤࡿࡍᥦࠊࡓࡲ

ձ ▼⭯ࣔࡢ࣒࣮ࣞࣇࡢୖࣝࢹ㓄⨨ࢆ 3D ࡛࣮ࢼࣕ࢟ࢫ

ྲྀᚓࠋࡿࡍ�

ղ 3D-CAD㸦SolidWorks ♫〇ࠊSOLIDWORKS 

Premium㸧࡛ࢢ࣑ࣥࣜࢺฎ⌮ࡓࡋᚋࠊCAD ᒓࡢ

ᶵ⬟ࠊࡾࡼ᭤㠃ࢆࢱ࣮ࢹᖹ㠃ࢱ࣮ࢹᒎ㛤ࠋࡿࡍ�

ճ ᖹ㠃ࢆࢱ࣮ࢹᇶࠊຍᕤ⏝ 2 ḟඖࢱ࣮ࢹ㸦DXF ࢹ

CFRTPࠊࡋసᡂࢆ㸧ࢱ࣮ ᯈᮦࢵ࢙ࢪ࣮ࢱ࣮࢛࢘ࢆ

ຍᕤᶵ㸦Flow Internationalࢺ ♫〇ࠊFlowMach3 

1313b-XD ᆺ㸧࡛ษ᩿ࠋࡿࡍ�

մ ษ᩿ࡓࡋ CFRTP ᮦࢆ 1mm ཌ࣒ࢦࣥࢥࣜࢩࡢ 2 ᯛ

࡛ᣳ࡚ࣥࣈ࣮࢜ࠊࡳ 270℃࡛ 8 ศ㛫ຍ⇕ࠋࡿࡍ�

յ ࡛࣒ࢦࣥࢥࣜࢩᣳࡔࢇ CFRTP ᮦࡾྲྀࢆฟࡑࠊ࡚ࡋ

1ࠊᙜ࡚ࡋᢲ࡚ࡅࢆయ㔜ࣝࢹࣔ⭯▼ࡲࡲࡢ ศ⛬

ᢲࡓ࠼ࡉᚋࢆ࣒ࢦࣥࢥࣜࢩࠊእࠋࡍ㸦㸧�

CFRTPࠊ࠾࡞ ᮦࠊࡣ⾲ᒙࡀ⥤⧊ CF ࡀෆᒙࠊࢫࣟࢡ

CF-UD ᮦࢆ 0° ࡢࡶࡓࡋᯈᮦ࡚ࡋᒙ✚ࡢ90°

㸦᪥㕲࣑ࣝ࢝ࢣ㸤ࣝࣜࢸ࣐♫〇ࠊNS-TEPreg㸧࠸⏝ࢆ

CFRTPࠋࡓ ࡀ⋠ᙎᛶࠊࡣࡳཌࡢ 200GPa ⛬ᗘ࡛ࡿ࠶

1mm ཌࢫࣞࣥࢸࢫࡢᮦࢆ᭤ࡓࡆࡿ࡞➼ྠཌࢆࡳ

CAE ィ⟬㸦CFRTPࡾࡼ ᮦࡢᙎᛶ⋡ࡣ 40GPa㸧ࡿࡍ

1.5mm ཌ⛬ᗘ࡛ࠊࡀࡿ࠶ᡂᙧᙉᗘࡀపୗࡿࡍᜍࢀ

ࡣᅇࠊࡵࡓࡿ࠶ࡀ 2mm ཌࠋࡓࡋ�

CFRTP ᮦࡾࡼస〇ࡓࡋయᖿලࡢ࣒࣮ࣞࣇࡢ㔜㔞

⣙ࡣ 183g ᚑ᮶ရࡿࡼᮦࢫࣞࣥࢸࢫࠊࡾ࠶࡛ 476g ẚ

㍑ࠊ࡚ࡋᖜ㍍㔞࡛ࢆࡇࡿࡁ☜ㄆࠊࡋࡋࠋࡓࡋ

⾲㠃ⱝᖸࡀ࣡ࢩࡢⓎ⏕ࠊࡵࡓࡓࡋලࡢ࡚ࡋ⮫ᗋホ

౯ࡣ࡛ࡲᐇ࡛ࠊࡎࡁᚋࡢ࣡ࢩࠊⓎ⏕࠸࡞ࡋᡂᙧ᪉ἲ

�ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡋウ᳨ࡁ⥆ࡁᘬࢆ

 

㸲㸬ࡵࡲ�

㍍㔞ᮦᩱཬࡧሗᢏ⾡ࢆά⏝ࠊ࡚ࡋ┴ෆᴗࢬ࣮ࢽࡢ

ࠋࡓࡋ⤂ࢆ㛤Ⓨࡔࢇ⤌ࡾྲྀࡓ᪂ࠊᙧ࡛ࡿࡍᨭࢆ

ᮏࢆཧ⪃ࠊᨵ࡚ࡵᙜ࠾ࢆࢬ࣮ࢽ࣮ࢱࣥࢭᩍ࠸࠼

�ࠋࡿ࠶࡛࠸ᖾࡤࢀࡅࡔࡓ࠸࡚ࡏࡉᨭࡈࠊࡁࡔࡓ

�

࠙ㅰ� � ㎡  ࠚ

CFRTP 〇ࢡࢵࢽ࣐࣮ࣗࣄࠊࡣ࣮ࣝࢯࣥᰴᘧ♫

CFRTPࠊࡓࡲ 〇యᖿලࠊࡣᰴᘧ♫ྡගࢫ࣮ࣞࣈ

ඹྠ࡚ࡋ㛤Ⓨࠋࡍࡲ࠸࡚ࡋⓙᵝࡃ῝ឤㅰࠋࡍࡲࡋࡓ࠸�
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