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Development of a simulation system to design a forging process for the manufacture of 
orthopedic implants

KORENAGA Sosuke,  MATSUSHITA Itsuki  and  HONDA Masakaz u

Titanium alloys with ex cellent biocompatibility are widely used in medical devices such as orthopedic 
implants, and these products are manufactured by hot die forging. In hot die forging, it is important to not only 
obtain the desired product shape but also control the microstructure because the latter affects the mechanical 
properties. Therefore, many trials need to be conducted to identify suitable manufacturing conditions, but this leads 
to increased development costs.

In recent years, forging simulations have been widely used to reduce development costs. However, in a general 
forging simulator, basic data is not sufficient to allow the accurate prediction of the shape and microstructures of a 
product. For these reasons, a stress-strain curve for titanium alloy has been acq uired to facilitate the accurate 
prediction of the shape of a product, while a tool for predicting the microstructure (processing map) of a product has 
also been constructed.

In this report, the above data are incorporated into a forging simulator in order to build a simulation system 
that enables the shape and microstructure of a product to be predicted. In addition, as an ex ample of how this system 
can be used, the optimum shape of a raw material is ex amined. The use of this system enabled the optimum shape 
of the raw material to be clarified, the Yolume of the material to be reduced, and the material costs to be reduced by 
about 10% .
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ᩚᙧእ⛉⏝䜲䞁䝥䝷䞁䝖➼䛾་⒪ᶵჾ䛻䛿⏕య㐺ྜᛶ䛻ඃ䜜䛯䝏䝍䞁ྜ㔠䛜ᗈ䛟⏝䛔䜙䜜䚸 ⇕㛫㘫㐀➼䛻䜘䛳

䛶〇㐀䛥䜜䜛䚹 䛣䜜䜙䛾〇ရ䛻䛿㧗䛔ಙ㢗ᛶ䛜せồ䛥䜜䜛䛯䜑䚸 〇ရᙧ≧䜢ᚓ䜛䛣䛸௨እ䛻䚸 ᶵᲔⓗ≉ᛶ䛻ᙳ㡪
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１　はじめに
ᩚᙧእ⛉⏝䜲䞁䝥䝷䞁䝖 （௨ୗ䚸䜲䞁䝥䝷䞁䝖） ➼䛾

་⒪ᶵჾ䛻䛿⏕య㐺ྜᛶ䛻ඃ䜜䛯䝏䝍䞁ྜ㔠䛜ᗈ䛟

⏝䛔䜙䜜䚸 ⇕㛫㘫㐀➼䛻䜘䛳䛶〇㐀䛥䜜䜛䚹 䛣䜜䜙䛾

〇ရ䛻䛿㧗䛔ಙ㢗ᛶ䛜せồ䛥䜜䜛䛯䜑䚸 〇ရᙧ≧䜢

ᚓ䜛䛣䛸௨እ䛻䚸 ᶵᲔⓗ≉ᛶ䛻ᙳ㡪䜢ཬ䜌䛩㔠ᒓ⤌

⧊䜢䚸 ┠ⓗ䛸䛩䜛≧ែ䛻ไᚚ䛩䜛技術䜒㔜せ䛸䛺䜛䚹

౛䛘䜀䚸 ືⓗ෌⤖ᬗ䛜⏕䛨䜛᮲௳䛷〇㐀䛩䜛䛣䛸䛻䜘

䜚䚸 ⤖ᬗ⢏䛜ᚤ⣽໬䛥䜜䚸 ᶵᲔⓗ≉ᛶ䛾ྥୖ䛜ᮇᚅ

䛷䛝䜛䠍）䚹 䛧䛛䛧䚸 䛣䛾䜘䛖䛺᭱㐺䛺〇㐀᮲௳䛾᥈⣴䛻

䛿䚸 ከ䛟䛾ヨస䜔ᐇ㦂䛜ᚲせ䛸䛺䜚䚸 ึᮇ䛾㛤Ⓨ䝁䝇

䝖䛜㧗䛟䛺䜛䛣䛸䛜ၥ㢟䛸䛺䜛䚹

㏆ᖺ䛿᭷㝈せ⣲ἲ （㻲㻱㻹） 䛻䜘䜛⇕㛫㘫㐀䝅䝭䝳

䝺䞊䝅䝵䞁䜢⏝䛔䜛䛣䛸䛻䜘䜚䚸 㛤Ⓨ䝁䝇䝖䜢పῶ䛩䜛ヨ

䜏䛜䛺䛥䜜䛶䛔䜛䠎）䚹 䛧䛛䛧䚸 ୍⯡ⓗ䛺㘫㐀䝅䝭䝳䝺䞊

䝍䛷䛿䚸䜲䞁䝥䝷䞁䝖➼䛻⏝䛔䜙䜜䜛་⒪⏝䝏䝍䞁ྜ㔠

䛾ᮦᩱ≉ᛶ䝕䞊䝍 （┿ᛂຊ䠉┿䜂䛪䜏᭤⥺䠖ᮦᩱ䜢

ᅽ⦰䛧䛯䛸䛝䛾ຊ䚸 ኚᙧ㔞䚸 ኚᙧ㏿ᗘ䚸  ᗘ䛾㛵ಀ

䜢⾲䛧䛯䜒䛾） 䛜୙㊊䛧䛶䛚䜚䚸 㧗⢭ᗘ䛺ண 䛜ᅔ㞴

䛺䛣䛸䛻ຍ䛘䚸 㔠ᒓ⤌⧊䜢ண 䛩䜛䛯䜑䛾ᶵ⬟䜒༑ศ

䛻ഛ䜟䛳䛶䛔䛺䛔䚹

䛣䛾䜘䛖䛺⫼ᬒ䛛䜙䚸 ➹⪅䜙䛿䚸 ་⒪⏝䝏䝍䞁ྜ㔠

䛾ᮦᩱ≉ᛶ䝕䞊䝍䜢ྲྀᚓ䛩䜛䛸䛸䜒䛻䠏）䚸 㔠ᒓ⤌⧊䜢

⡆᫆ⓗ䛻ண 䛩䜛䛯䜑䛾䝒䞊䝹 （㼜㼞㼛㼏㼑㼟㼟㼕㼚㼓㻌㼙㼍㼜） 䜢

ᵓ⠏䛧䛶䛝䛯䠐）䚹 ᮏ研究䛷䛿䚸 䛣䜜䜙䛾䝕䞊䝍䜢㘫㐀

䝅䝭䝳䝺䞊䝍䛻⤌䜏㎸䜐䛣䛸䛻䜘䛳䛶䚸 㧗⢭ᗘ䛺ᙧ≧

ண 䛸䚸⡆᫆ⓗ䛺㔠ᒓ⤌⧊䛾ண 䛜ྍ⬟䛺䝅䝭䝳䝺䞊

䝅䝵䞁䝅䝇䝔䝮䜢ᵓ⠏䛩䜛䚹 䜎䛯䚸 ᮏ䝅䝇䝔䝮䛾ά⏝

஦౛䛸䛧䛶䚸 ᭱㐺䛺ཎᮦᩱᙧ≧䜢᳨ウ䛧䛯஦౛䜢報

告䛩䜛䚹

２　方法
2.1　γϛϡϨーγϣϯγεテϜのߏங
᪤ 䛾研究䛻䛚䛔䛶䚸་⒪⏝䝏䝍䞁ྜ㔠 （㼀㼕㻙㻢㻭㼘㻙

4㼂㻌㻱㻸㻵䠖㻭㻿㼀㻹㻌㻲1㻟㻢） 䛾ᮦᩱ≉ᛶ䝕䞊䝍䜢ྲྀᚓ䛧䠏）䚸

㔠ᒓ⤌⧊䜢ண 䛩䜛䛯䜑䛾䝒䞊䝹䛷䛒䜛 㼜㼞㼛㼏㼑㼟㼟㼕㼚㼓㻌

㼙㼍㼜 䜢ᵓ⠏䛧䛯䠐）䚹 䜎䛯䚸 䛣䜜䜙䛾䝕䞊䝍䛿Ⅼ⩌䝕䞊

䝍 （㞳ᩓⓗ䛺䝕䞊䝍） 䛷䛒䜛䛯䜑䚸䝕䞊䝍Ⅼ㛫䜢⿵㛫

䛩䜛䛯䜑䚸 ᅇᖐศᯒ䜔ᶵᲔᏛ⩦䛻䜘䜚㏆ఝᘧ䛷⾲䛧

䛯䠑）䚹 䛣䜜䜙䛾㏆ఝᘧ䜢ィ⟬䛥䛫䜛䛯䜑䛾䝃䝤䝹䞊䝏

䞁䜢సᡂ䛧䚸㘫㐀䝅䝭䝳䝺䞊䝍 （㻰㻱㻲㻻㻾㻹㼀㻹䠖㻿㼏㼕㼑㼚㼠㼕䟺㼏㻌

㻲㼛㼞㼙㼕㼚㼓㻌㼀㼑㼏㼔㼚㼛㼘㼛㼓㼕㼑㼟㻌㻯㼛㼞㼜㼛㼞㼍㼠㼕㼛㼚）䛻⤌䜏㎸䜣䛰䚹

2.2　�γϛϡϨーγϣϯγεテϜのྫࣄ༺׆ʢ࠷దなݪ材
料形ঢ়の検討ʣ

᭱㐺䛺ཎᮦᩱᙧ≧䜢᳨ウ䛩䜛䛣䛸䛻䜘䜚䚸 ᮦᩱṌ␃

䜎䜚䜢ྥୖ䛥䛫䚸〇㐀䝁䝇䝖䛾పῶ䛜ᮇᚅ䛷䛝䜛䚹 ཎᮦ

ᩱ䛾య✚䛜኱䛝䛔ሙྜ䛿䚸䝞䝸 （ᗫᮦ䛸䛺䜛⟠所） 䛜

኱䛝䛟䛺䜚䚸 ᮦᩱ䛾↓㥏䛜ከ䛟䛺䜛䚹 ୍᪉䛷䚸 ཎᮦᩱ

䛾య✚䛜ᑠ䛥䛔ሙྜ䚸 ᮦᩱ䛜㔠ᆺ䛻඘ሸ䛥䜜䛺䛔⟠

所䛜Ⓨ⏕䛧䚸 ┠ⓗ䛸䛩䜛ᙧ≧䛜ᚓ䜙䜜䛺䛔䚹 䛧䛯䛜䛳

䛶䚸 ᮦᩱ䛜㔠ᆺ䛻඘ሸ䛥䜜䚸 䛛䛴䚸 䝞䝸䛜ᑡ䛺䛟䛺䜛

䜘䛖䛺᭱㐺䛺ཎᮦᩱᙧ≧䜢᳨ウ䛩䜛䛣䛸䛜㔜せ䛷䛒䜛䚹

ᮏ研究䛷䛿䚸 ᅗ䠍䛻♧䛧䛯㦵᥋ྜ䝥䝺䞊䝖䛾ᙧ≧䜢

ᶍ䛧䛯ヨసရ䛾ཎᮦᩱᙧ≧䜢᳨ウ䛩䜛䛯䜑䚸 ཎᮦᩱ

ᙧ≧䜢ኚ໬䛥䛫䛺䛜䜙⇕㛫㘫㐀䝅䝭䝳䝺䞊䝅䝵䞁䜢ᐇ

᪋䛧䛯䚹

３　結果および考察
ஙしたγϛϡϨーγϣϯγεテϜのུ֓ߏ　3.1
ᵓ⠏䛧䛯䝅䝭䝳䝺䞊䝅䝵䞁䝅䝇䝔䝮䛾ᴫ␎䜢ᅗ䠎䛻♧

䛩䚹 ᮦᩱ≉ᛶ䝕䞊䝍䜔 㼜㼞㼛㼏㼑㼟㼟㼕㼚㼓㻌㼙㼍㼜 䜢⊂⮬䛻ྲྀᚓ

䛧䠏㻙 䠑）䚸 㘫㐀䝅䝭䝳䝺䞊䝍䛻⤌䜏㎸䜣䛰䛣䛸䛷䚸 㧗⢭ᗘ

䛺ᙧ≧ண 䛸㔠ᒓ⤌⧊䛾ண 䛜ྍ⬟䛸䛺䛳䛯䚹

図１　ࠎ઀߹プϨーτの試作形ঢ়

図２　ߏஙしたγϛϡϨーγϣϯγεテϜのུ֓

図、表及び写真

図㸯

図㸯 㦵᥋ྜࢺ࣮ࣞࣉのヨస形状

図、表及び写真

図㸰

図㸰 ᵓ⠏࣒ࢸࢫࢩࣥࣙࢩ࣮࣑ࣞࣗࢩࡓࡋのᴫ␎
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3.2　�γϛϡϨーγϣϯγεテϜのྫࣄ༺׆ʢ࠷దなݪ材
料形ঢ়の検討ʣ

ᙧ≧䛜␗䛺䜛䠎✀㢮䛾ཎᮦᩱ㻭ཬ䜃 㻮䛷⇕㛫㘫㐀

䝅䝭䝳䝺䞊䝅䝵䞁䜢ᐇ᪋䛧䛯⤖ᯝ䜢ᅗ䠏䛻♧䛩䚹 ᅗ䠏䛻

♧䛩䜘䛖䛻䚸ཎᮦᩱ 㻭 ཬ䜃 㻮 䛿䚸㍈᪉ྥ䛾㛗䛥 㻸㻭 ཬ

䜃 㻸㻮 䛜␗䛺䛳䛶䛚䜚䚸㻸㻭 䛿 㻸㻮 䛻ẚ䜉䛶㛗䛔䚹 ᅗ䠏୰

䛾◚⥺䛾ෆഃ䛜〇ရ䛸䛺䜛⟠所䛷䛒䜚䚸◚⥺䛾እഃ䛜

䝞䝸 （ᗫᮦ䛸䛺䜛⟠所） 䛷䛒䜛䚹 ཎᮦᩱ 㻭 䛷䛿䚸 䝞䝸

䛜ከ䛟䚸ᮦᩱ䛾↓㥏䛜ከ䛔䛣䛸䛜䜟䛛䜛䚹 ཎᮦᩱᙧ≧

䜢ኚ໬䛥䛫䛺䛜䜙䚸 ᭱㐺䛺ཎᮦᩱᙧ≧ （ᮦᩱ䛜㔠ᆺ

䛻඘ሸ䛧䚸 䛛䛴䚸 䝞䝸䛜ᑡ䛺䛟䛺䜛ཎᮦᩱᙧ≧） 䜢᳨

ウ䛧䛯⤖ᯝ䚸 ᭱⤊ⓗ䛻ཎᮦᩱ 㻮 䛜ᚓ䜙䜜䛯䚹 ཎᮦᩱ

㻮 䛷䛿䚸ཎᮦᩱ 㻭 䛻ẚ䜉䛶㘫㐀ᚋ䛾䝞䝸䛜ᑡ䛺䛟䛺䛳

䛶䛚䜚䚸 ཎᮦᩱ䛾య✚䛿 10䠂⛬ᗘపῶ䛥䜜䛯䚹 䛧䛯

䛜䛳䛶䚸 ཎᮦᩱ 㻭 䛛䜙 㻮 䛻ኚ᭦䛩䜛䛣䛸䛻䜘䜚䚸 ᮦᩱ

䝁䝇䝖䜢 10䠂⛬ᗘపῶ䛷䛝䜛䛸ᮇᚅ䛥䜜䜛䚹

௒ᚋ䛿䚸 ୖグ䛾䜘䛖䛺ᙧ≧䛾ண 䛰䛡䛷䛺䛟䚸 㔠ᒓ

⤌⧊䛾ண 䛻䛴䛔䛶䜒᭷ຠᛶ䜢᳨ド䛧䛶䛔䛟ணᐃ䛷

䛒䜛䚹 ௨ୖ䜘䜚䚸㛤Ⓨ䛧䛯䝅䝭䝳䝺䞊䝅䝵䞁䝅䝇䝔䝮䜢⏝

䛔䜛䛣䛸䛻䜘䜚䚸 〇㐀䝁䝇䝖䜢పῶཪ䛿ရ㉁䜢ྥୖ䛷䛝
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図３　࠷దなݪ材料形ঢ়の検討
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図３ 最適な原材料形状の検討




