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㍍㔞ᮦᩱ㸭᝟ሗᢏ⾡ࢆά⏝ࡓࡋ⚟♴ᶵჾࡢ㛤Ⓨ㸦➨㸯ሗ㸧�

 

༓ཎ೺ྖ*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 ᖺᗘ࢔ࢣࢫࣝ࣊ࡔࢇ⤌ࡾྲྀ࡟ᶵჾ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 ࡓࡋᨭ᥼ࢆෆ௻ᴗ┴ࠊࡋ⏝άࢆ⾡㛤Ⓨせ⣲ᢏࡢࡽࢀࡇࠊ௒ᅇࠋ(1-2 2 ࡢ௳

◊✲㛤Ⓨ஦౛࡚࠸ࡘ࡟ሗ࿌ࠋࡿࡍ 

 

㸯㸬࡟ࡵࡌࡣ 

ᡂ㛗ࢆ୰࡛་⒪⚟♴ᶵჾศ㔝ࡢ␎ᡂ㛗࣭㞠⏝ᡓࠊࡣ┴

⏘ᴗ࡟ࡘ୍ࡢ఩⨨௜ࠊࡾ࠾࡚ࡅᙜྠࡣ࡛࣮ࢱࣥࢭᡓ␎࡟

ἢ࡚ࡗᖹᡂ 26㹼30 ᖺᗘ࢔ࢣࢫࣝ࣊࡟ᶵჾ㛤Ⓨ࢙ࢪࣟࣉ

⏝ࣜࣅࣁ༞୰ࣜ⬻ࠊࡳ⤌ࡾྲྀ࡟ࢺࢡ CFRTP 〇ୗ⫥⿦ල

ࡓࡋᐇ⏝໬ࢆ➼  ࠋ(1-2

ᮏᖺᗘࠊࡣࡽ࠿ᮏ⏘ᴗࡢᣢ⥆ⓗ࡞ᡂ㛗ࢆᨭ᥼ࠊࡵࡓࡿࡍ

ࡓࡋ✚⵳࡛✲◊ࢺࢡ࢙ࢪࣟࣉ CFRTP ࠊ⾡ᡂᙧຍᕤᢏࡢ

3D ࡸ࣮ࢼࣕ࢟ࢫ 3D-CAD㸭CAEࠊ㊊ᅽศᕸ ᐃࢸࢫࢩ

ᙧࡿࡍᨭ᥼ࢆෆ௻ᴗ┴࡟ࡓ᪂ࠊࡋ⏝άࢆ⾡᝟ሗᢏࡢ➼࣒

࡛◊✲㛤Ⓨࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ࡟௒ᅇࡢࡽࢀࡇࠊ㛤Ⓨせ⣲

ᢏ⾡ࢆά⏝ࠊࡋCFRTP 〇࣮ࣝࢯࣥ࢖ཬࡧ CFRTP 〇యᖿ

⿦ලࡢ㛤Ⓨࡔࢇ⤌ࡾྲྀ࡟⤖ᯝ࡚࠸ࡘ࡟ሗ࿌ࠋࡿࡍ�

 

㸰㸬௻ᴗ࡜ࢬ࣮ࢽ㛤Ⓨෆᐜ 

㸰㸬㸯� CFRTP 〇࣮ࣝࢯࣥ࢖�

ࡋ╔⿦࡟ෆഃᗏࡢ㠐ࠊ㏻ᖖࠊࡣ࡜㸦୰ᩜ㸧࣮ࣝࢯࣥ࢖

࡛ࢶ࣮ࣃࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿࡍ࿴⦅ࢆᧁ⾪ࡢ࡬㊊⿬ࠊ࡚

ࡀࡢࡶࡿ࠸࡚ࢀࡽస࡚ࡋᒙ✚ࢆ⓶ࡸᕸ࡟⬡ⓎἻᶞࠊࡾ࠶

ከࡢ⯡୍ࠋ࠸㠐ࡿࢀࡽ࠸⏝࡟௚ࠊ࡟ᡥᖹ㊊ࡸእ཯ẕ㊑➼ࠊ

㊊ࡢ୙⮬⏤࡞᪉ࡢṌ⾜ᨭ᥼ࡸ⑕≧㐍⾜㜵Ṇ➼ࡢ་⒪⏝ලࠊ

࣮࣏ࢫࡿࡏࡉୖྥࢆ⬟㌟యᶵࡢ࡛➼ࢢࣥࢽࣥࣛࡸ࣮࢟ࢫ

�ࠋࡿ࠸࡚ࢀࡽ࠸⏝࡟ရ⏝ࢶ

࠸⏝ࢆ࣮ࣝࢯࣥ࢖࡚࠸࠾࡟㏵⏝ࢶ࣮࣏ࢫࡸ་⒪ࠊ࡟≉

࡜ࡇࡿ࠶ရ࡛ࢻ࢖࣓࣮ࢲ࣮࢜ࠊࡣሙྜࡿ ㍍㔞ࠊࡓࡲࠊ(3

࡛㧗๛ᛶ࡛ࡀ࡜ࡇࡿ࠶ᮃࢆ࣮ࣝࢯࣥ࢖ࠊ࡛ࡇࡑࠋ࠸ࡋࡲ

〇㐀㈍኎ࡿ࠸࡚ࡋ┴ෆ௻ᴗࡢࡽ࠿㛤Ⓨࠊ࡚ࡅཷࢆࢬ࣮ࢽ

ୖグ≉ᛶࡍࡓ‶ࢆ CFRTP 〇࣮ࣝࢯࣥ࢖ࢻ࢖࣓࣮ࢲ࣮࢜

2 ✀㢮ࢆ㛤Ⓨࠋࡓࡋ�

㸰㸬㸰� CFRTP 〇యᖿ⿦ල�

యᖿ⿦ලࠊࡣ࡜ᅽ㏕㦵ᢡ᳝ࡸ㛫ᯈࡢ➼࢔ࢽࣝ࣊ᝈ⪅࡟

ฎ᪉ࠊࢀࡉయᖿࢆࡁືࡢไ㝈ࠊࡋ㌟యࡢ࡬㈇ᢸࢆ㍍ῶࡍ

�ࠋࡿ࠶࡛ࡢࡶࡿࡍ⏝ⓗ࡛౑┠ࡿ

┴ෆࡢ⩏⫥⿦ල఍♫࡛ࠊࡣ⑓㝔ࡢࡽ࠿౫㢗ࠊ࡚ࡅཷࢆ

ࠊࡀࡿ࠸࡚ࡋ〇సࢆయᖿ⿦ල࡚࠸⏝ࢆᯈᮦࢫࣞࣥࢸࢫ

ࡓࡋຊ໬┬ࢆࢀࡇࡵࡓࡿ࠿࠿ࡀᡭ㛫࡟᥋సᴗ⁐ࡸᯈ㔠ࠕ

ࢽࡢ࡜ࠖࠋ࠸ࡋ࡯ࡀయᖿ⿦ලࡓࡋᒙ㍍㔞໬୍ࠕࠊࠖࠋ࠸

CFRTPࠊࡵࡓࡿ࠶ࡀࢬ࣮ 〇యᖿ⿦ලࢆ㛤Ⓨࠋࡓࡋ�

 

㸱㸬㛤Ⓨ⤖ᯝ 

㸱㸬㸯� CFRTP 〇࣮ࣝࢯࣥ࢖�

㸱㸬㸯㸬㸯� �࣮ࣝࢯࣥ࢖ࢻ࢖࣓࣮ࢲ࣮࢜

CFRTP ࡀࡢࡶࡢ㢮✀ᩘ࡟᪤ࠊࡣ࣮ࣝࢯࣥ࢖ࡓ࠸⏝ࢆ

ᕷ㈍ࠊࡀࡿ࠸࡚ࢀࡉ᪤ᐃࢬ࢖ࢧရࡀከ࢖࣓࣮ࢲ࣮࢜ࠊࡃ

ࠋ࠸࡞ᑡࡾ࠾࡚ࢀࡽ㝈࡟㏵⏝ࢶ࣮࣏ࢫࡢ➼࣮࢟ࢫࡣရࢻ

ࢀࡇࠊ࡚࠸⏝ࢆ㊊ᆺࡢพᆺࠊࡣရࢻ࢖࣓࣮ࢲ࣮࢜ࠊࡓࡲ

ࠊ࡟ฝᆺୖࡢࡇࠊࡋ〇సࢆฝᆺ࡛ࢇ㎸ࡋὶࢆ⭯▼࡟

CFRTP ࡚ࡅ࠿ࢆᅽຊ࡜⇕ࠊࡋᒙ✚ࢆᮦᩱࡢᩘ「ࡴྵࢆ

�ࠋࡿ࠿࠿ࡀᡭ㛫ࠊ࡛ࡢࡿࡍ〇స࡚ࡋࢫࣞࣉ

௒ᅇࠊᡃྛࡣࠎಶேࡢ㊊ᆺࢆ᥇ྲྀࡋ㸦ᅗ㸯�D�㸧ࡇࠊ

ࡽ࠿ࢀ 3D 㸦Creaform࣮ࢼࣕ࢟ࢫ ♫〇ࠊGo!SCAN50㸧

࣮ࢼࣕ࢟ࢫࠊE�㸧�㸦ᅗ㸯ࡋᚓྲྀࢆࢱ࣮ࢹ≦ᙧ࡚࠸⏝ࢆ

௜ᒓ࡛࢔࢙࢘ࢺࣇࢯࡢ୙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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ࡾ⁥ࠊࡋ࡜ࢱ࣮ࢹࢻࢵࣜࢯ࡛⌮ฎࡅ௜ࡳཌࠊኚ᥮࡟ࢱ࣮

Ṇ࡜࠿࠿ࠊ࡚ࡋ࡜ࡵୗ㒊ศࢆࢱ࣮ࢹࡢຍ࣮ࢯࣥ࢖ࠊ࡚࠼

ࡢࣝ 3D ᙧ≧ࢆࢱ࣮ࢹసᡂࡓࡋ㸦ᅗ㸰�E�㸧ࠋᮏࢱ࣮ࢹ

ࢆ STL ྜ「⥔⧅Ⅳ⣲࡚࠸⏝ࢆࢀࡇࠊࡋኚ᥮࡟ࣝ࢖࢓ࣇ

ᮦᩱࡀ❧య㐀ᙧ࡛ࡿࡁ 3D 㸦Markforged࣮ࢱࣥࣜࣉ ♫〇ࠊ

Mark Two㸧ࢆ࣮ࣝࢯࣥ࢖ࡾࡼ࡟ヨసࡓࡋ㸦ᅗ㸱ࠊ௨㝆ࠊ

ヨస࣮ࣝࢯࣥ࢖㸧ࠋᮏ 3D ࢆᮦᩱ࡞ࠎᵝࠊࡣ࣮ࢱࣥࣜࣉ

㑅ᢥ࡚ࡋ㐀ᙧ࡛ࠊࡀࡿࡁ௒ᅇࣥࣟ࢖ࢼࠊࡣᶞ⬡㸦PA6㸧

ᮦᩱࢺ࣓ࣥࣛ࢕ࣇࡔࢇ㎸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స᪉ἲࡢရࢻ࢖࣓࣮

3D ෌ࠊࡵࡓࡿ࠶࡛⬟ྍࡀ࡜ࡇࡍṧࢆ⛬ᕤ࡚ࡋ࡜ࢱ࣮ࢹ

〇సࡸᒚṔࡀ⌮⟶ࡢᐜ࡛᫆ࠋࡿ࠶�

ḟࢆ࣮ࣝࢯࣥ࢖ࠊ࡟⿦╔ࡓࡋ㠐࡚࠸ࡣࢆ 30 ⛊㛫ࠊ㏻

ᖖ࡛ࡉ㏿ࡢṌ⾜ࡓࡋ᫬ࠊࡢ㊊⿬࡟᥃ࡿ࠿ᅽຊࠊࢆ㊊ᅽศ

ᕸ ᐃ࣒ࢸࢫࢩ㸦T&T medilogic ♫〇ࠊmedilogic WLAN  

Measuring Insole㸧ࡾࡼ࡟ ᐃࠋࡓࡋ⿦╔࣮ࣝࢯࣥ࢖ࡿࡍ

ࣥ࢖ࡿ࠸࡚ࡋ௜ᖏ࡟㠐ࠎඖࠊ࡟௚ࡢ࣮ࣝࢯࣥ࢖ヨసࠊࡣ

࣮ࣝࢯࣥ࢖ࠊ㸦௨㝆࣮ࣝࢯ A㸧ࠊཬࡧᕷ㈍ࡿ࠸࡚ࢀࡉ᪤

ᐃࡢࢬ࢖ࢧ CFRTP 〇࣮ࣝࢯࣥ࢖ 3 ✀㸦௨㝆࣮ࢯࣥ࢖ࠊ

ࣝ BࠊCࠊD㸧ࡢィ 5 ✀㢮࡚࠸ࡘ࡟ホ౯ࠋࡓࡋ 

ᅗ㸲ࠊ࡟ヨస࣮ࣝࢯࣥ࢖ཬ࣮ࣝࢯࣥ࢖ࡧ A ㊊⿬ࡢ࡛

ᅽຊศᕸࡢ ᐃ⤖ᯝࠋࡍ♧ࢆᅗ㸲ࡢ�D�࣮ࢯࣥ࢖ࠊࡾࡼ

ࣝ A ᕥ㊊⿬ࠊࡣ࡛ 80%㸭ྑ㊊⿬ ᨭࢆ㒊ศ࡛య㔜ࡢ84%

ࡣ኱ᅽຊ᭱ࡿ࠿᥃࡟㊊⿬ࠊࡾ࠾࡚࠼ 39.6N/cm2 ࠋࡓࡗ࠶࡛

୍᪉ࠊヨసࠊࡣ࡛࣮ࣝࢯࣥ࢖ᅗ㸲ࡢ�E�ࠊࡾࡼᕥ㊊⿬

86%㸭ྑ㊊⿬ ᥃࡟㊊⿬ࠊࡾ࠾࡚࠼ᨭࢆ㒊ศ࡛య㔜ࡢ90%

ࡣ኱ᅽຊ᭱ࡿ࠿ 29.8N/cm2 ࠊࡣ࣮ࣝࢯࣥ࢖ヨసࠋࡓࡗ࠶࡛

࣮ࣝࢯࣥ࢖ A ࡚ࡗ࠿᥃ࡀⲴ㔜࡟㊊⿬඲యࠊ࡚ࡋẚ㍑࡜

࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋ㍍ῶࢆ኱ᅽຊ᭱ࡿ࠿᥃࡟㊊⿬ࠊࡾ࠾

Ⲵ㔜㊊⿬⿕ࡢ࣮ࣝࢯࣥ࢖ࡢ඲࡚ࡓࡋヨ㦂ࠊ࡟ᵝྠࠋࡓࡗ

㠃✚ࡢ๭ྜ࡜㊊⿬᭱኱ᅽຊࢆ⾲㸯ࠋࡍ♧࡟ヨస࣮ࢯࣥ࢖

ࡢ᪤〇ရࠊࡣࣝ CFRTP 〇࡜࣮ࣝࢯࣥ࢖ẚࠊ࡭య㔜ࢆᨭ

ࡶ᭱ࡣ኱ᅽຊ᭱ࡢ࡬㊊⿬ࡓࡲࠊࡃከࡶ᭱ࡣ㊊⿬๭ྜࡿ࠼

ᑠࡀ࡜ࡇ࠸ࡉศࠋࡓࡗ࠿ᮏヨసࢆ࣮ࣝࢯࣥ࢖⿦╔ࡓࡋ㠐

ࡑࡼ࠾࠾࡟እฟ᫬ࠊヨస௨᮶ࢆ 3 ࡿ࠸࡚ࡅ⥆ࡁ᭶㛫ᒚ࠿

ᚰࡁᒚ࡞Ⰻዲࡣ㠐ࠊࡃ࡞࡜ࡇࡿࡍ⪕ᾘࡣ࣮ࣝࢯࣥ࢖ࠊࡀ

ᆅࢆ⥔ᣢࠋࡿ࠸࡚ࡋ 

㸱㸬㸯㸬㸰� RQ �࣮ࣝࢯࣥ࢖࡞⬟ྍ⤖㐃࡜

௒ᅇࠊඹྠ◊✲ࡓࡗ⾜ࢆ௻ᴗࡢ⯡୍ࠊ࡟࡛ࡲࢀࡇࡣ࡜

㠐ࢆୗ⫥⿦ල࡚ࡋ࡜౑⏝ྍ⬟ࢆࢶ࣮ࣃࡿࡍ࡟ඹྠ㛤Ⓨ 1)

ࠋ㸧ࠖࢡࣝ࢔RQ㸸ࠕရྡၟࠊ�D�㸦ᅗ㸳ࡿ࠸࡚ࡋᕷ㈍ࠊࡋ

ࡓ࠼ഛࢆ㒊ศࣇ࢝ࡿ࠼ᨭࢆ㊊ࠊࡣࢀࡇ CFRTP 〇 L Ꮠᆺ

ᨭᰕࠊ࡜㠐ᗏ࣮ࣝࢯࢺ࢘࢔ࡢ㒊ศ࡟ෆⶶࠊ࡚ࡋ๓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⫥⿦ලࠕࢶ࣮ࣃࡿࡍ࡟RQࠖ�

�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㠐࣮ࣝࢯࢺ࢘࢔ࡢ㒊ศࢆࢺࢵࢣࢯ࡟ෆⶶ࡜ࡇࡿࡍ

࡚ࡋ࡜ୗ⫥⿦ලࢆ㠐࡞ࠎᵝࠊ࡛ࡳࡢ⬺╔ࡢᨭᰕࠊࡾࡼ࡟

฼⏝ࠊࡋ࠿ࡋࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍᮏࠊࡣࢶ࣮ࣃ㠐ᗏⷧࡀ

 ࠋࡓࡗ࠶୙㐺࡛ࡣ࡟ሙྜࡿࡍࡾࡓࡂ㐣࠿ࡽᰂࡾࡓࡗ࠿

CFRTPࠊ௒ᅇ࡛ࡇࡑ 〇ᨭᰕࢆᕪࡋ㎸࡞⬟ྍࡀ࡜ࡇࡴ

CFRTP 〇ࢆ࣮ࣝࢯࣥ࢖᪂࡟ࡓ㛤Ⓨࡓࡋ㸦≉チฟ㢪୰㸧ࠋ

ࡀ࡜ࡇࡿࡍ⏝฼࡚ࡋ࡜ୗ⫥⿦ලࢆ㠐ࡢ኱༙ࠊࡾࡼ࡟ࢀࡇ

ࣃࢵ࢔ࡢ㠐ࠋࡍ♧ࢆࢪ࣮࣓࢖⏝౑࡟ᅗ㸴ࠋࡓࡗ࡞࡟⬟ྍ

࣮ᚋ᪉㒊ศ࡟ᶓ᪉ྥࢆࢺࢵࣜࢫࡢධࢆࡇࡇࠊ࡚ࢀ㏻࡚ࡋ

ࡢ࣮ࣝࢯࢺ࢘࢔ࡢ㠐ࠊࡵࡓࡴ㎸ࡋᕪࢆᨭᰕ࡟࣮ࣝࢯࣥ࢖

ᮦ㉁➼࡟㛵ಀࡃ࡞㠐ࢆୗ⫥⿦ල࡚ࡋ࡜฼⏝࡛ࡀ࡜ࡇࡿࡍ

఩࣭Ṍ❧ࡾࡼ࡟࣮ࣝࢯࣥ࢖ࢻ࢖࣓࣮ࢲ࣮࢜ࠊࡓࡲࠋࡿࡁ

⬟Ṍ⾜ᨭ᥼ᶵࡢୗ⫥⿦ල඲యࠊࡵࡓࡿࡁ࡛ࢺ࣮࣏ࢧࢆ⾜

 ࠋࡿࡁᮇᚅ࡛ࡶୖྥ

ᙜึࠊࡣᶞ⬡ 3D ヨసࢆ࣮ࣝࢯࣥ࢖ࡾࡼ࡟࣮ࢱࣥࣜࣉ

ࡓࡋᦆ◚࡟ࡄࡍࠊࡌ⏕ࡀட⿣࡟ᤄධཱྀ௜㏆ࠊࡵࡓࡓࡋ

㸦ᅗ㸵㸧࡜࠿࠿ࠊࡣࢀࡇࠋᚋ᪉ࡢᤄධཱྀ࿘㎶㒊ศࡢᙉᗘ

୙㊊࡜᥎ᐃࠊ࡛ࡇࡑࠋࡿࢀࡉⅣ⣲⧄⥔」ྜᮦᩱࢆ❧య㐀

ᙧ࡛ࡿࡁ 3D ヨసࢆ࣮ࣝࢯࣥ࢖࡞ࡓ᪂ࡾࡼ࡟࣮ࢱࣥࣜࣉ

㒊ศ࡛๛࠸ࡉᑠࡀ✚యࡢᤄධཱྀ࿘㎶ࠊࡣ௒ᅇ࡟≉ࠋࡓࡋ

ᛶ࡜ᙉᗘࢆ☜ಖࡿࡍᚲせࠊࡵࡓࡿ࠶ࡀ๓ฟ࠸▷ࡢⅣ⣲⧄

㐃⥆Ⅳࠊ࡜ᮦᩱ㸦ONYX㸧ࢺ࣓ࣥࣛ࢕ࣇࡔࢇ㎸ࡾ⦏ࢆ⥔

⣲⧄⥔ࢆ᮰ࣥࣟ࢖ࢼ࡚ࡡᶞ⬡㸦PA6㸧ྵࢆ౵࢕ࣇࡓࡏࡉ

ᮦᩱ㸦Markforgedࢺ࣓ࣥࣛ ♫〇ࠊCarbon Fiber CFF㸧ࢆ

ΰྜ࡚ࡋ✚ᒙࡿࡍ᮲௳ࡾࡼ࡟㐀ᙧࠋࡓࡋ㐃⥆⧄⥔ࡢ᪉ྥ

࡟࠺ࡼࡿ࡞࡜␲ఝ➼᪉ᮦࡀᮦᩱࠊࡣ ⧞ࡢ45°-/90°/45°/0°

ୗࠊ࡟ࡵࡓࡿࡍᙉ⿵࡟㔜Ⅼⓗࢆᤄධཱྀ࿘㎶ࠊࡋ࡜ࡋ㏉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௳࡜࠿࠿࣮ࣝࢯࣥ࢖ࠊࡣ

ᗏࡢ ȭ25mm ෇ෆ㒊ࢆᅛᐃ࡜࣮ࣝࢯࣥ࢖ࠊࡋᨭᰕࡣ๛

యࠊࡋྜ⤖࡛ࣥࣆ஫࡟࠸᥋ゐࠊࡓࡲࠋࡓࡋ࡜ࡢࡶࡿࡍே

኱ゅᗘ᭱ࡢ㊊㛵⠇ࡿࡍኚ఩࡟ୗ᪉ࡀ㊊ඛ࡟㝿ࡿࡍ⾜Ṍࡀ

ࡀ ࡿ࡞࡜15° ࡟࠺ࡼ(6 CFRTP ᨭᰕୖ㒊 250mm ࡟㒊ศࡢ

Ⲵ㔜 38N ࢫࢮ࣮࣑ࡿࡅ࠾࡟௳グ᮲ୖ࡟ᅗ㸶ࠋࡓ࠼୚ࢆ

ᛂຊࡢศᕸ⤖ᯝࠋࡍ♧ࢆᅗ㸶�D�ࠊ�E�࣮ࣝࢯࣥ࢖ࠊࡾࡼ

እ࿘㒊࡜ෆ㒊ࢫࢮ࣮࣑ࡢᛂຊ᭱ࡢ኱್ࠊࢀࡒࢀࡑࡣ

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ࠊࢁࡇ࡜ࡓࡋ◚ቯࡣ㉳ࡽࡇ

࡚ࡋࡓᯝࡶ⬟ᶵࡢ࡚ࡋ࡜ୗ⫥⿦ලࡢ➼ᑤ㊊㜵Ṇࡓࡲࠊࡎ

 ࠋࡓࡋㄆ☜ࢆ࡜ࡇࡿ࠸

�
ᅗ㸵ࠕRQࠖ࡜㐃⤖ྍ⬟ྕึࡢ࣮ࣝࢯࣥ࢖࡞ヨస�

�

�
ᅗ㸶�CFRTP 〇ࡢ࣮ࣝࢯࣥ࢖ᙉᗘゎᯒ⤖ᯝ�

�D�࣮ࣝࢯࣥ࢖እ࿘㒊� �E�࣮ࣝࢯࣥ࢖ෆ㒊�

�D��

�E��

���� � � �
ᅗ㸷ࠕRQࠖ࡜㐃⤖ྍ⬟࡞ CFRTP 〇࣮ࣝࢯࣥ࢖�

�D�RQ �╔⿦࡟E�㠐��࣮ࣝࢯࣥ࢖ࡓࡏࡉ⤖㐃࡜

�D�� �E��

�
ᅗ㸴ࠕRQࠖ࡜㐃⤖ྍ⬟࡞ CFRTP 〇࣮ࣝࢯࣥ࢖�
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㸱㸬㸰� CFRTP 〇యᖿ⿦ල�

ඹྠ◊✲ࡓࡗ⾜ࢆ⩏⫥⿦ල఍♫࡛ࠊࡣ་ᖌࡽ࠿ᣦ♧ࡉ

ࡳཌࠊ࡟⪄ཧࢆ⨨㓄ࡢୖࣝࢹࣔ⭯▼ࡓࢀ 1mm ᖜ 15mm

యᖿ⿦ල࡚ࡋ⤖᥋࡛㐃⁐ࠊࡆᯈ㔠࡛᭤ࢆᯈࢫࣞࣥࢸࢫࡢ

ከࡀ⛬సᴗᕤࠊ㸦ᅗ��㸧ࡀࡿ࠸࡚ࡋ〇సࢆ࣒࣮ࣞࣇࡢ

ࡾᅗࡶ㍍㔞໬ࡢయᖿ⿦ල⮬యࠊࡓࡲࠊ࠸ࡓࡋ๐ῶࡵࡓ࠸

�ࠋࡿ࠶ࡀせᮃࡢ࡜࠸ࡓ

࡟ࡾࢃ௦ࡢᯈࢫࣞࣥࢸࢫࠊ࡛ࡇࡑ CFRTP ࡇࡿ࠸⏝ࢆ

࡜ࡇࡿࡍ⏝άࢆ⾡᝟ሗᢏࠊࡓࡲࠊࡾᅗࢆ㍍㔞໬ࡾࡼ࡟࡜

࡛సᴗᕤ⛬ࡢ⡆␎໬ࢆᅗࠋࡓࡗᥦ᱌ࡿࡍసᴗᕤ⛬ࢆḟࠊ࡟

�ࠋࡍ♧࡟��ᅗࢆヨస౛ࡿࡼ࡟⛬సᴗᕤࡿࡍᥦ᱌ࠊࡓࡲ

ձ ▼⭯ࣔࡢ࣒࣮ࣞࣇࡢୖࣝࢹ㓄⨨ࢆ 3D ࡛࣮ࢼࣕ࢟ࢫ

ྲྀᚓࠋࡿࡍ�

ղ 3D-CAD㸦SolidWorks ♫〇ࠊSOLIDWORKS 

Premium㸧࡛ࢢ࣑ࣥࣜࢺฎ⌮ࡓࡋᚋࠊ࡟CAD ௜ᒓࡢ

ᶵ⬟ࠊࡾࡼ࡟᭤㠃ࢆࢱ࣮ࢹᖹ㠃࡟ࢱ࣮ࢹᒎ㛤ࠋࡿࡍ�

ճ ᖹ㠃ࢆࢱ࣮ࢹᇶࠊ࡟ຍᕤ⏝ 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

࡛ᣳ࡚࡟ࣥࣈ࣮࢜ࠊࡳ 270℃࡛ 8 ศ㛫ຍ⇕ࠋࡿࡍ�

յ ࡛࣒ࢦࣥࢥࣜࢩᣳࡔࢇ CFRTP ᮦࡾྲྀࢆฟࡑࠊ࡚ࡋ

1ࠊᙜ࡚ࡋᢲ࡚ࡅ࠿ࢆయ㔜࡟ࣝࢹࣔ⭯▼ࡲࡲࡢ ศ⛬

ᢲࡓ࠼ࡉᚋࢆ࣒ࢦࣥࢥࣜࢩࠊ࡟እࠋࡍ㸦᏶஢㸧�

CFRTPࠊ࠾࡞ ᮦࠊࡣ⾲ᒙࡀ⥤⧊ CF ࡀෆᒙࠊࢫࣟࢡ

CF-UD ᮦࢆ ࡜0° ࡢࡶࡓࡋ࡜ᯈᮦ࡚ࡋᒙ✚࡟஺஫ࡢ90°

㸦᪥㕲࣑ࣝ࢝ࢣ㸤ࣝ࢔ࣜࢸ࣐♫〇ࠊNS-TEPreg㸧࠸⏝ࢆ

CFRTPࠋࡓ ࡀ⋠ᙎᛶࠊࡣࡳཌࡢ 200GPa ⛬ᗘ࡛ࡿ࠶

1mm ཌࢫࣞࣥࢸࢫࡢᮦࢆ᭤ࡓࡆ᫬ࡿ࡞࡜➼ྠ࡟ཌࢆࡳ

CAE ィ⟬㸦CFRTPࡾࡼ࡟ ᮦࡢᙎᛶ⋡ࡣ 40GPa㸧࡜ࡿࡍ

1.5mm ཌ⛬ᗘ࡛ࠊࡀࡿ࠶ᡂᙧ᫬࡟ᙉᗘࡀపୗࡿࡍᜍࢀ

ࡣ௒ᅇࠊࡵࡓࡿ࠶ࡀ 2mm ཌࠋࡓࡋ࡜�

CFRTP ᮦࡾࡼ࡟స〇ࡓࡋయᖿ⿦ලࡢ࣒࣮ࣞࣇࡢ㔜㔞

⣙ࡣ 183g ᚑ᮶ရࡿࡼ࡟ᮦࢫࣞࣥࢸࢫࠊࡾ࠶࡛ 476g ẚ࡜

㍑ࠊ࡚ࡋ኱ᖜ࡟㍍㔞໬࡛ࢆ࡜ࡇࡿࡁ☜ㄆࠊࡋ࠿ࡋࠋࡓࡋ

⾲㠃࡟ⱝᖸࡀ࣡ࢩࡢⓎ⏕ࠊࡵࡓࡓࡋ⿦ලࡢ࡚ࡋ࡜⮫ᗋホ

౯ࡣ࡛ࡲᐇ᪋࡛ࠊࡎࡁ௒ᚋࡢ࣡ࢩࠊⓎ⏕࠸࡞ࡋᡂᙧ᪉ἲ

�ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡋウ᳨ࡁ⥆ࡁᘬࢆ

 

㸲㸬ࡵ࡜ࡲ�

㍍㔞ᮦᩱཬࡧ᝟ሗᢏ⾡ࢆά⏝ࠊ࡚ࡋ┴ෆ௻ᴗࢬ࣮ࢽࡢ

ࠋࡓࡋ௓⤂ࢆ㛤Ⓨ஦౛ࡔࢇ⤌ࡾྲྀ࡟ࡓ᪂ࠊᙧ࡛ࡿࡍᨭ᥼ࢆ

ᮏ஦౛ࢆཧ⪃ࠊ࡟ᨵ࡚ࡵᙜ࠾ࢆࢬ࣮ࢽ࡟࣮ࢱࣥࢭᩍ࠸࠼

�ࠋࡿ࠶࡛࠸ᖾࡤࢀࡅࡔࡓ࠸࡚ࡏࡉᨭ᥼ࡈࠊࡁࡔࡓ

�

࠙ㅰ� � ㎡  ࠚ

CFRTP 〇ࢡࢵࢽ࣐࣮ࣗࣄࠊࡣ࣮ࣝࢯࣥ࢖ᰴᘧ఍♫࡜

CFRTPࠊࡓࡲ 〇యᖿ⿦ලࠊࡣᰴᘧ఍♫ྡග࡜ࢫ࣮ࣞࣈ

ඹྠ࡚ࡋ㛤Ⓨࠋࡍࡲ࠸࡚ࡋⓙᵝࡃ῝࡟ឤㅰࠋࡍࡲࡋࡓ࠸�
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