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ᾚḊ ֮ ӣ֯ ЭϢ Ӣ♄М֢ ҔᵶṞ ẓȳ∂ Џ ȳ Ҕ

ȲẔғ ѻ Ɫᵮ Ȳṳӣѿ’ ᾬ ἨϢ ᵍὑắ ȲᴖӐׁשṅ⁄

ӣὑ МἉᾼḊ ϛ / ϛ Ԛ ᾬ(Ethylene Vinyl AcetateȲ EVA)ȲӦὑϢ

Ἠ ӢЛ֝ᾼ ⇔Ȳ Ϛ ⇔ ṳ ᾎ ҏ ѱЛ֝ ϯ

֫ ἤȲ֪ױӐׁשṅ∂ӴϚ ᴷ ᾚḊ ֯Л֝ ϯ ἤ ᾼѠᾎȲṳ ӣ

צ а ᾎ Ȳ ᴷ ᾚḊ ᾼᵮ ἤ ȴӐׁשṅиⱢ ẒЄ

иȲ ᾼ ив Ҕ╗ Ἦᴼ ȳ ѿц ѠᾎȲ Ὠ ֥

צ а иέц Ѡᾎ ᴩ Ȳậ Л֝ ϯḊ פ ṳ ȴҫ

ϚѠ ∂Ӵצ а иέ ₤Ȳ ᾚḊ ắẞ Пᾭ ṳѹ МḊ

цẫ ᾭᾓȴ ∟Ṽ Ὠѩ Ḋ ᶮᾼ ᶮẃ Ḋ פ ȲӦױ

ẁ ẃ֯Џ ӣᾼ Ѡᾎȴ 

 

ֿȸצ а ᾎȳ ȳ ȳ ᾚḊ ȴ 

 

ABSTRACT 

Nowadays, foam materials are widely used in various fields of mankind life like vehicle 

engineering, construction engineering, packaging materials and so on. The main functions of this 

type of material is shock absorbing and impact cushioning, so it could be used to protect the 

structure or human body from injury. This study focus on the material which shoe midsoles are 

usually made of called Ethylene Vinyl Acetate or EVA. Because of human motions with different 

speeds, a single height drop test cannot respond the foam specimen loading and unloading in 

different velocities. Therefore, this study developed a method for estimating cushioning effect of 

material specimen, and use finite element method with neural network to evaluate foam material 

energy absorbing property. This study consists of two major parts. The first part is experiment 

including quasi-static compression test, tensile test and drop impact tests with high speed camera. In 

experiment process, using foam molding process makes proper specimens and observing 

deformation of foam. Applied to the deformation data and neural network method, the process could 

inversely calculate stress-strain curves in medium strain rate. In the second part, this study applied 

finite element method with material parameters which are calculated before to simulate drop test 

process, and verify the result with experiment data. The results from the study could be used in the 

engineering application to evaluate EVA foam energy absorbing effect.. 

 

Keywords: Finite Element Method, Drop Test, Stain Rate Effect, Foam Material 
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ѹϢ ᵂᾼ ἤЄὑắ ᾼ

ἤȲ֪ ױ ᾎצ ҏЛ֝

ϩᾼ ἤȴ ҟѿ Ѡᾎ ᴷ

І ᾼׁשṅМȲЄ иṿӣỆứ ᾼ

ӦỆứ ⇔ ϯ Ἁֽ 1-2Ȳ

ѿױ Ϛ Ἁṳ ᾎ ҏϢ

Л֝ᾼ ᵂ ἤȴᴟӭ›ⱢѦȲ ὑ вἉ

ᾼׁשṅѻ ὑẔи ṜἉ ϩᾼ

ϩȲ юׁשṅ Ḋ ἤ

ϩᾼ ȴ 

ӦѿϱἬ ᴷП ȲӐׁשṅᾼӭ

ᾼ╥ѿ∂Ӵ ᴷЛ֝ ϯПМἉ

ḊḊ ᴩ ѠᾎȲẃ М

Ἁ ϩП Ȳṳѹ ѿ

ᵮןᾼ ẃ ᴷ МἉ֯

ἤϱἬ᷊ ᾼṔᴥȴ 

 

ϡȳѝ ֫  

ᴟӭ›ⱢѦȲ ὑ Ḋ ᾼׁשṅֵ

ὑẔи ṜἉ ϩᾼ ϩȲ юׁשṅ

Ḋ ἤ ϩᾼ

ȴᴖѿ ἏᾼׁשṅМҠ ῀Ȳ Ḋ

₤ֵѿ Ϛ ἨἮᴼ Ḋ

פ ᵂⱢḊ ₤ᴩⱢṼ Ȳᴖ ᾎ Ϣ

Л֝ ϯ Ḋᾼ ἤȲ֪ Ӑױ

ṅПӭᾼ֯ὑֽᴶשׁװ Ӧ

ẞЛ֝ ϯПḊ Ȳѹ֪Ɫ

МἉᾼ ӣϱֵ ὑМᵅ ᾼ ֽ

ᴩⱢȲ֯ Л ᾼ ᾓϯ Ҡ

ὑ ∟ Ḋ ᶮᵮ Ȳ ֯

М ӢὙ ᾼ ᴩⱢȲ֪ ױ

Ѡᾎ ứ ϯḊ פ Ȳԛ

צṼ(rate-dependent)ד а ₤

Ḋ ᾼ ₤ᴩⱢȲṳѿױѠᾎ

П ₤ ᴷЛ֝ ѠהϯȲ Пᵮ

ȴ 

ϱМἉ Ḋ ắ Ẕ

ȲӇ ῀ ӣϱ ḊἬ

ắᾼ Ȳ ҟѝ М Bus[2]

Ṇ ậϢ ֯ Ḕ М

ᾼ₣᾿ ⇔Ȳṳѹ Ệứ֯ 3.35 m/s

ᾼ Ḕ Ȳ֪ד Ȳ ⇔

ҏẃὑ 0.52 ~ 0.67 m/sП ȷҫҵ ѡ

ȳ´ᶛ [3]֝ ѿ Ṇ ֥

ϩὰ Ϣ ϯῒἬắ

П …Ȳ Ϣ ứϮ

⇔Ȳṳᵓӣ Ṇ

ȴẔМϮ ⇔иᵑⱢᶶṛ(1.96 m/s)

Ɫ 0.17 m/sȳ (3.04 m/s)

Ɫ 0.33 m/sȳᶶ (4.56 m/s) Ɫ

0.95 m/sȴϭӦѝ Ὠ ẞ֯ Ḕ ᾼ

ᾓϯȲ Ḕ ⇔ϱсȲẔ

ᾼ ϯ ⇔Ɫ 0.95 m/sȲ

ᵂⱢП∟ Ἤ ứᾼ ⇔╓ ȴ 

Michelle[4] Ϣ ҏ МвἉȳМ

Ἁ Ḋ ṿӣ ἤḊ Ȳ Ẕ҃ ἤ

Ḋ Ϛ Ȳ ἤḊ Ḇצ ᾼи Ṝ ϯ

∟ἬἭắᾼ ϩȲ Ḋ ᵮן ю

֮ Ϛ ἬἭắᾼϩ ȲẔ

Ḋ ἤ ᴖḂ Ȳױ ἤḊ

ᾼṿӣ֯ Б ὙҠ юṜ ⇔ṿ

ӣắ ᾼ ȴ 

֯ᵮ Ѡ ȲDuraÂ ῏[5]

ῶϠ ὑᵮ Ḋ ѠᾎȲẃ ᵓӣϚ

ἤ ἤ ₤ṳ֯ѝМ ֽᴶ ᵧ

ҏ ֥ᾼ ὨȲṳ ҏϠẒ

ᾼѠᾎҠӣὑ ₇ ȴ 

Ḋ ὑ иІ ֥ᾬḊ Ȳ

ҟ иІḊ ᾼ ѝ МȲϷצ

Л֝ ẃ ẔЛ֝ Ԉϯ ϩ

ц ᾼ оȲChan Ϣ[6] Ḋ С

֝ד ᵀЛ֝ ᾼắϩȲҠὙ ҏЛכ

֝ ᾼ ὨȲ ᶶ῏Ẕ ϩ פ ᵧ

ҏᾼ ἤ ЄȲ ֥Ϛ Пᾬ

ȴѝМ ṷ Ϸ Ὑױ иІḊ ἤ

Ҡѿ ц Ҽ ֥ᾼаԈẃצ ᾼ

ắЛ֝ ╟ϩᾼᴩⱢȴ 

Bouix Ϣ[7]⁄ ὑ ᾚ Ѷ Ȳ‟

(Expanded PolypropyleneȲ EPP)

Ḋ ᴩЛ֝ ϯ ᴩ Ȳиᵑ

ȳМ ȳ ϯ ᾚḊ ắ

ẞЛ֝ Ḋ פ ȴӦὑ ѽМ

ϯ Ḋ ἤ ᾼ ѠᾎȲ֪ ᴞױ

ᴩ ∂ѿ ᵂⱢ

ᾼ Ṇ Ȳṳѿϩ ҵמּ ᴯ

Ḋ ᾼ ϩ פ Ȳ ẞ ᾚ

Ḋ פ ϩ Ғᴖ ȴ ∟

ṳѿ ᾚḊ ὑѬМ ᾼ Ȳ Ɫ֯

ϯᾚэМ ᾚ ᾎц ҏȲ֪ ֯ױ

ᾚḊМᾼ ϩ Ḋכ ϩ Ғȴ 

צ֯ а ᾎ Ѡ ȲMills[8] ῏

ᵓӣ Viscoelastic ₤ế Ἤ П

Ȳѿц ἤ ₤ Ogdenẗ П Ẓ

῏ẃ ứḊ ₤ ȲẔ ϤП Ἤ
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פ ֽϯМ иȲṿӣ Ѡᾎ

(PolyurethaneȲ PU)

ᾚḊ Ἤ Ȳṳᵓӣ ABAQUSẃ

ắ ϩ∟ПḊ ᴩⱢȲӦ

ὨȲѩ ắ Пϩ ᴯ

פ ȴ 

Verdejo[9] Ṝ ḊМἉᾼắϩ

…Ȳṳѹᵓӣ ABAQUS Л

֝ Ḕ ϯṜ иӁȲ ѩ

ṳ∂Ӵ Ṝ ᾼѠᾎȴẔ

МἉ Ḋṿӣ HyperfoamḊ ₤Ȳṳṿ

ӣ Ogdenẗ ϤЛ֝ Ȳӣѿ Ὼ

Ḋ פ ȴ 

Cheung Zhang[10]Ӧ ᶟ ᾙ

צ ếṜἉ ϩȲ ᵅ Ṯ῏ắ

ᾼҠ ἤȲT ⁯Л ứᴶ ֪ צ

ᵅṜ Ȳ֪ױ ∂Ӵ ᾼ 3D

₤Ȳѿ ABAQUS ӦЛ֝ Ḋ

… ᴩ ȲKẔ ḊḊ ἤ Ӧ

ẞЛ֝Ḋ פ Ȳиᵑ Ϥ Мȴ 

Erdemir Ϣ[11] Ӧиέ Ḋᾼ ᴶ

ᶮᾭ Л֝Ḋ ἤ Ȳӣѿ ֯ṜἉ

ᶝ Ṝ ѠᾎȴẔиέѠᾎⱢ∂Ӵ

Ϛ 2D ₤ȲҔᵶṜ ϡ ȳӫ

МἉȲṳѿ ABAQUS ᴩ Ȳᴖ ᾼ

МἉ ⁄ᴯὑ ϡ ϯѠȲẔᴯ ֪

Ɫ Ṝ ὔ Ӣ ᶟ Ṝ Ȳᴖ

ḊṿӣᾼḊ ἤ ⁄Ӧ ȴ 

Chang Ϣ[12]֯ѝ Мᵓӣ ἤϩ

ᾼѠᾎ ҏ ᾚḊ ֯ ᾼḊ

ἤ Ȳֽ ֝ ⇔ᾼЛ֝ᴖḂ

ȴЛ ֯ ἤ Ἠ῏֯ ἤ Ȳ ⇔

ᶶ⁄Ḋ ᾼ ⇔Ϸ Ȳ ∟ ӣὑ

LS-DYNA3D ϱȲכⱢ ᾼḊ ᶮה

(Material Type 83)ȴ 

Shariatmadari[13] ҏЛ֝ ⇔ϯ

EVA ᾚḊ ᾼḊ פ ὨȲṳ҅ϤṜ

₤ПМẃѩ צ Ṝ

ᾼắϩ ȲT ᵓӣ ᴯ

Л֝ ⇔ϯḊ פ ᴩ

ὨȲ ѽ ц Ѡᾎȴ 

Ӧϱ ѝ ֫ Ҡ῀Ȳ ᾚ Ḋ

ẓצ ȲẔפ ᾼ Ғ

ϩ П ҒȲᴖѿἏѝ Єֵ ѿ פ

ᵂⱢМἉḊ Ȳẃ Ṝ ᾼắ

ϩ Ṝ ὨȲṳ Ϥ

Ϣ Л֝ Ḋ П ἤȴҫϚѠ

ȲϷ ѽ ӣ֯ ḊМἉᾼМ Ḋ

פ ȴ֪ ṅשӐׁױ ױ Ϛ Л֝ ϯ

ᾼѠᾎȲ∂Ӵ ᴷᾼ

ȴ 

 

Ϯȳ Ἦᴼ  

3.1 ᾚḊἮᴼ  

Ӑ ṿӣ Ἦϩ (ֽ 3-1)

Ḋ ắἮᴼ ᾼᴩⱢȲѿױ Ḋ

ἤ Ȳṳ ҏ ϩ פ ȲW Ɫ ABAQUS

МḊ ₤Ἤ П Ϥȴ 

Ӑ …ṿӣ ᴻὢ ạḊ

Hung Ta HT-9102ȲҠḂ ἨἮᴼᶈ

ẓȲ ӣП а(Load Cell) ЄҠἭắ

1000 kgfȴ 

ѱḊ Ɫ ӣὑ ᾼМἉḊ

ϛ / ϛ Ԛ ᾬ (Ethylene Vinyl 

AcetateȲ EVA)ȲẔḊ ֽ

3-2Ȳ в ᾚэ П ϩ Ḋ

Ἥắ Ȳẓצ ᴿὑ П

ὨȲẔ ѱṼ ASTM ѱᾼѐ

Љ ᵂ Ҕ ╗ ASTM-D575[15]

ASTM-D412[16]ἮᴼẒ ѐЉֽ

3-3ȳ 3-4Ȳ Ἤṿӣ ѱ ֽה

3-5ȴ 

ѿֵװ Ѡהậ ứП ϩ

פ ∟Ȳ Ὠֽϯ 3-6 Ἤ

ӱȲἮᴼ Ὠֽ 3-7Ȳ∟ ₤

ѻ ѿ Ḋ פ ᴩ

ȲӦὑ Ἦᴼ ⇔ Ɫפּ

10 mm/min֪ױϭ Ɫ (Quasi-static)

Ȳ֯ ∟ Ḋ פ ѿױ ẻ

Ḋ פ ᵂ ᵑȴ 

3.2  

Ӑ ᵓӣ ѿЛ֝ ⇔

Ḋ П ὨȲạứМἉ ᾚḊ

ѿЛ֝ ᾼ ☼ ȲṳѹӦ ѱᵮ

ן ᵒᵑЛ֝ Ḋ ᾼ

ἤȴ Мṿӣ ὁ Ẕ

ПḊ ᶮ ᾓȴ 

Ӑ Ἤ ӣП Ɫ ꜜἬ

ẁ П ᵮ STM 479 Shock 

Absorption Tester ắ Ḋ Ȳ

ֽ 3-8ἬӱȲױ Ҕ╗Ϛ 8.5 kg ᾼ

Ȳ Ἁ Ɫפ ҙ 37.5 mmᾼҙ ₤

ῶ Ȳϱ ᾼ ▀ᶮ Ἁ᾿ 45 mmȲ

ѿỆứᾼ₣᾿Ѡ֣ ₇ȲԛӦỆ
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ứὑ ϱᾼҒ ПҒ ⇔

ᾼפ Ȳṳѿ ֯ ϱᾼ LVDT

ᴯ ẃ ᾼᴯ ᾼ

פ ȴ 

֯ иȲ Ở Ɫ Ἅ

ᶮᾭȲᵀֽױ ṿḊ ᶮЛᶁȲ ѿứ

ҏ ᾼ ȴⱢϠ ẞḆᶁлᾼḊ

ᶮȲ֯ ד ᾼ ᶮϯȲ֯ױ и

ḂⱢӂ ᶮ₤ Ȳ ҠӦ₣᾿ᾼױ

ẃứ ҏ ᾼ ֽ 3-9ȴ 

Ӑ ὁ ӣ Phantom v310 

(8GB) ֽ 3-10ȲẔ ֽ

3-11Ἤӱ H҅ῶ ѬӂѠ֣ ;V ҅ῶ

₣᾿Ѡ֣ ;FPSⱢ֢ έ⇔

ϯ ḕּהἬ ὁ ֵ ȴӣѿậ

МḊ ᶮ ᾓȲṳҠᵧ Ɫ

ѱἨ ѱѠהȴ 

ѱắ ›Ԓ ᴩ ᾚḊ ѱ

⇔Ȳ ᵍ ⇔ כ ֪ȴṼ

ẁ Ḋ ӣὑ₇כᾼ ⇔ ȲӐ

ѱ ứⱢ 0.21 ð 0.005 g/cm3ȲṳṼױ

ѱ Ȳ ắ Ḋ йⱢ  33 mmȳ

33 mmȳ20 mmᾼӴѠ Ȳ ὑ ϯ

ѠȴṼ Ԓ›ѝ МϢ Ḕ Ṝ ᾼ

⇔Ȳиᵑ ὑ ắ Ḋ 30 

mmȳ45 mmȳ60 mm Ȳ

ṼᶧⱢ 755 mm/sȳ910 mm/sȳ1013 

mm/sȴ ∟ Ӕ Ở Ȳ

Ѡᾎ ᴕ SATRA TM142 Ἁᵮ ч

Ȳṿ ᴞӦ ϯȲṳѹ

᾿ẞ ֫ ֯ 5% Ɫ ứȲ

ṼױѠᾎậ М ПҒ ⇔

ȳᴯ פ… ֽ 3-12Ἤ

ӱȴᴖ ⁄Ҡὁ ҏ ѱ ֣ ᶮ

ѿц Ḋ ѱ ẫ

ȲẒ῏Ҡ ᴩѩ Ȳ ▐ Ѡֽה

3-13Ȳὁ Ὠֽ 3-14ц 3-15ȴ 

3.3 Ὠ 

ᶙכ ὁ ∟Ȳѿ

ậ ѱ ᶮᴯ Ȳ֯ ḕױ ⇔ Ԛᶙ

װϮכ Ȳḕװ ṿӣ֝ד Ḋ ȳЛ

֝ ѱȲ ∟ᵓӣ Ȳ ậ֢

ѱ ᶮᴯ … ὨȲṳ֢֯

М᷄ҏӂᶁ ѿц Ȳ

Ὠֽ 3-16ȳ 3-17ȳ

3-18Ȳ М Ɫ֢ ⇔Ϯװ П

Ȳ֢ ӂᶁ ֽ 3-19⁄ᵂⱢ

∟ ᴕṼ Ȳᴖӭ ⁄╥ṿ

ὨḊ ᾼ ᶮ ױ֯ вȴ 

ҫҵӦ נּ ѱ

МȲ ѱ ֣ ᶮ ᵂⱢ ϤП

ȴⱢ ᵍ ֣ ᶮắ ꜜ ϩ Ȳ

ậ ѱМ П ᶮ ֽ

3-20ȳ 3-21ȲẔ ЄЊѐЉ иᵑ

Ɫ 4 mm 5 mmȲ ᵑ⇔Ɫ 0.1 

mmȲ Ɫפּ 2%Ȳּנ

ԛ ⱢӔ֣ ֣ …Ȳṳ

֣ ѿӔ֣ ὑ ὲѩ П

…Ȳᵓӣ ЊӂѠᾎ Ẕ ֽ

3-22Ȳ֢ Ẕ ὲѩӂᶁⱢ 0.2Ȳ ѿ

∟ᵂⱢПױ ϤП ȴ 

 

ҳȳ ᾚḊ ᴩⱢ  

Ӑ ӭᾼ֯ ABAQUS

М Low Density FoamḊ ₤Ȳ Ӕ

МḊ ѱᾼ ᶮᴩⱢ

Ḋ ἤȲ֪ Ӵ֯∂ױ ϯᾼ

Ԉ Ὠ ᴩ ȴ Ὑ

⁄∂Ӵ ֥ᵮ П

ᶮȲṳ Low Density FoamḊ ₤ӣ

ὑП∟ᾼ Ḋ ₤ȴ 

4.1Ḋ ₤ ứ 

ӣ֯ ἤḊ ᾼ צ₤ ֵ Ȳ

ӣὑ֢ ἤЄ ᶮ иέȲ֯

ABAQUS[17]МȲֽ HyperelasticȳHyperfoam

Ȳ֯ ₤ᾼ МȲӐѝ⁄ ӣ Low 

Density FoamḊ ₤Ȳ Ἦᴼ

ϩ פ ᴩ ₤ᾼ ȴ 

Low Density Foam ὑ Ṽד

(strain-rate-depend)Ḋ ₤Ȳ ἤ֯ὑ

ứ Л֝ ϯПḊ פ ȴӦ

МḊ ᶮП Ȳ Ἠв ד ᾼ

Ḋ פ Ȳӣѿ Ḋ ֯Л֝ ᶮϯ

ῶ Л֝ᾼḊ ᴩⱢֽ 4-1ȴ 

֯∂Ӵ ֥П ₤›Ӈ Ԓ

Ἤ ᾼ ֯ Ϥ Low Density Foam

∟ȲẔ ᶮếắϩᴩⱢ╥ᵡ ֥ ϤП

Ḋ ẃῶ Ȳѿ ὙױḊ ₤Ҡѿ

ᴩП∟ᾼ ӣȲ֪ Ӵ∂ױ Ϛа ᾼצ а

₤ֽ 4-2 Ḋ ὑ ắ

ϩ ᾼ о Ȳɲ Ϥᾼ

Ɫ (Loading) ẫ

(Unloading)פ ṳỆứа Ἁ ₣᾿Ѡ

֣ȳὑϱϯ ╟СϚ ϩȲẔ Ὠֽ
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4-3ȴ 

Ӧ ᾼ Ὠѩ Ȳ

ᾎӔ ᴟẫ ᾼ Ȳ֪ Ӈױ

Low Density FoamП ו

(Relaxation Time) ạḊ ᴟẫ ᾼ

ȲẔеֽהϯȲ 

Ω=ɛ0+ɛ1 |ɚ-1|^Ŭ (3-1) 

ᴖ Ҡ ạ ⱢΡ0ȳΡ1 ΖϮ

῏Ṽ Л֝Ḋ П ȲеהМΩⱢ ו

Ȳ֪װⱢ ȷ|ɚ-1|̔ ῶḊ ȷΡ

0 ⱢϚ ἤ ѻ ӣὑΠå1 ḟứ ו

Ȳ Ɫ Њ ȷΡ1 ⱢϚ‍ ἤ

Ȳѻ ḟứḊ Є ᶮ П ו ȷΖ

⁄╥ ạḊ ᶮ ו П ⇔

ЄЊȴΡ0ȳΡ1 Ζ иᵑⱢ 0.0001ȳ

0.005 2Ȳ ẞΡ0ȳΡ1

ו ЄȲḊ Ӧ ᴟẫ П

Ἤ֫ П ЄȲ еהМế ו

דӔѩכ ֥ȴӦὑ|ɚ-1|Њὑ 1ȲΖ ›Ẓ

῏ ὨדчȲᵀ╥ Ρ0ֽ

֝ Ὑ֯Є ᶮϯ ṳЛ ȲᴖΖⱢ╓

Ҡ ыЄᾼכ Ȳ֪ ֯ױ

Ḋ צ Єᾼ ᶮϯѻ ѿ Ρ1 Ӕ

ᴟẫ Ḋ ᴩⱢȲӦױ ạḊ ẫ

Ȳ Ӧ ᾎ ẞΡ1Ɫ 0.002

Ɫ ֥ EVA Ḋ Ὠֽ 4-4Ἤ

ӱȲᴖ ὨϷ ӱ֯ (Loading) ẫ

(Unloading)ᾼפ ϱẒ῏Фד ֥ȴᶙכ

Ϛа Ḋ ᴩⱢ ∟ȲṼױ

Ѡᾎ ắ ѱֵа

₤Ȳױ ₤ẓצ 180 а ֽ 4-5Ȳ֝

ѿ Ḋ ϤȲậẔ ᶮ ᶁла

ϤПḊ ѩ Ὠֽ 4-6

Ẕ ὨדῺȲῶӱױ Ϥ ᾼѠᾎ

֯ ӣϱ╥Ҡᴩᾼȴ 

4.2 צ а  

и ӣ ꜜἬ ẁПᵮ

STM 479 Shock Absorption 

Tester ắ Ḋ ȲẔ ѐЉ

ЄЊֽ 4-7ἬӱȲᴖױ Пצ

а ₤ӦẔ ₤ CAD ֽ 4-8Ȳ

Hyperwork כ∟ CAE Ȳԛ

Ϥ ABAQUS ᴩиέֽ 4-9ȲẔ

а ṿӣ 8 (Solid)а (C3D8)Ȳṳ

Ɫ Ȳ ֽ 4-10Ἤӱȴ 

Ӧ ϩ פ Ϥ Low 

Density Foam ₤ֽ 4-11Ȳ ѐЉṼ

ѱЄЊ∂ӴȲ ᴩ

Ὠѩ ȲЛ֝ ⇔ Ὠֽ 4-12ȳ

4-13ȳ 4-14ȲẔ Ὠѩ

Є иᵑⱢ 1.5%ȳ5.2%ȳ2.5%ȴ

Ӧ Ὠ ῀ѿ Ḋ Ꞌѩ

Ὠ ЄȲѹ ⇔ Ȳ

ЄȲᵀ╥֯ 60 mmᾼ

МȲ ᾼ ἤчᴖ ᵅȲ

֪╥ѿ Ḋ Ȳѿ 60 mm

ȲẔ ѱ Ɫפּ 0.7Бẞ Ḋ פ

ϩ≡ ϱс ◕Ȳױ ѱБ Лὔԛ

ϯҟȲ֪ ױ Ḋ

ᾼ ἤ֯ױ ᾓϯчᴖ Њȴᴖ֯ẫ

ᴩⱢ иṿӣ Ḋ פ ᴩ ȲẔ

Ὠ֯֫ Ȳẫ Ϸѩ

ȲҠ Ɫṿӣ Ḋ ᴩ

Ȳ ἤ ὨṳЛד

ȴ ֥ϱ Ὠ EVA ᾚḊ ֪Ɫ

ϯᾼ ȲḊ פ ϩ ҒȲ

ѱ Ȳ֪ ѿױ Ḋ פ

ῶ Ȳ ᾎ ֮ᵭ֥ ὨȲ֯ϯ

Ϛ ṿӣ Ѡᾎ ֢

ϯḊ פ Ȳӣѿ Ӕ Ὠȴ 

 

Хȳ ἤḊ פ ПѠᾎ 

Ӧ Ҡ ẞḊ פ

ȲT ᾚḊ ֯ ӣϱ ᾼ╥֯

ԈϯᾼḊ ἤ Ȳױ ѩ

ȲʉᴖḊ ֯ᶶ ϯП ἤ

Ϸ Ȳ╝ ᾎ᾿ ѿ ẞḊ

Ȳ╝֯ױ MATLAB ѿ

ᾼѠהȲḖҏ ϩ פ ṳ

ѩ ȴ 

5.1 Ю 

ȲἨ ϢЏ Ȳ…

╓ ӾӢᾬ ᾼ Ṇ ȴ

╥Ӧ ֵᾼϢЏ (Artificial 

Neuron)Ἤ ȲϢЏכ ϭ

аȳϢЏ аἨ а (Processing 

Element, PE)Ἤ ȴכ דּ╥

ṅשׁ ᾼ▐ ȳ ȳ ᾼϚ

ṅЏẓȲשׁ ᴖ ӾӢᾬᾼϚṷᴩⱢȲ֪

ױ ╥Ӧ ֵ аἬ ᾼכ

Ȳһ╥Ϛ ӂᴩ ȲϷ╥Ϛ Ӕ

ᾼ ȴᴖ ғ Ɫ

ᾼ ѿ∟ȲҠѿ Ӿ█ ғ ȳἨ█

Ϥȳ ҏᾼ …ȲẔ ▐ ֽ 5-1Ἤӱȴ 
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▐ МȲ Ϥ (Input Layer)ᾼ

ᵂӣ╥ ắҵꜜᾼ Ϥ Ȳ ∟ Ӧ

ẞ в ᾼ (Hidden 

Layer)ȴ ṷ ╥ ᵂᾼѻ

ȲẔМҔᵶװ ֵ аȲẔ

ӭḟứ ᾼғ ц ϩȴ Ӧ

ᾼ ∟Ȳ ᴟ ҏ (Output Layer)

ϱȲ ẞ ҵꜜ Ϥ Ἤ Ӣ

ᾼч ȴ 

5.2  

╥ӭ› ẓ҅ῶ

ἤȲϷ╥ ӣᾼ ғПכ Ȳ֪ױ

Ӑׁשṅ ѿ Ȳẃ∂ ἤ

פ ᶮᴯ פ Ẓ῏ П …ȴ 

ᾼ ᾎ╥ Ϥ

֣ ỞȲ֣› ҏ Ȳṳ

∟ᾼӭ ҏ֣ ѩ ᴖ Ẕ Ȳ

∟֣∟ Ӕ

ᴖ ẞ ᾼӭᾼȴ 

5.3  

Ӑѝṿӣᾼ ᶮהȲẔМҔ

ᵶϚ Ϥ ȳϡ Ҕ Ϛ ҏ

ȴ ứ Ϥ ҏ Ẓ῏Ἤᶮ

ᾼכ ᴩ Ȳ ẞ ֥Ẓ῏

…П ȲẔ ѠהϞ

MATLAB Neural Network Toolboxғ

[20] Ϥ ᴩ ȴ֯ױ П

Ẕ Ϥ Ɫ Ḋ ᶮᴯ

П Ȳ ҏ ⱢḊ פ П ϩ

Ȳӭ ⁄╥ Ҡ ᾼḊ פ

Ȳ Ӧצ а иέ∟Ҡ ẞ ПḊ

ᶮᴯ פ Ȳᶮכ ӣѿ Ȳ

ᶙכ ∟ Ἤ ẞᾼḊ

ᶮᴯ פ ҅Ϥ Ϥ Ȳ ҏ ПḊ

פ Ȳ ∟ ẞḊ פ ҅Ϥ

Ȳѩ ╥ᵡ ֥ Пᴯ פ ȴ 

5.4 Л֝ Ḋ פ Ѡᾎ 

МἉḊ ắ МȲӦ

ὑắ ᾼ ⱢМᵅ Ȳ ЊȲѹ

Ḋ ֯ ᶮᾼ ᵮן Ȳ ᾼ

ᵅ᾿ẞ ѦȲ֪ Ḋױ ᾼ ᶮ‍

Ḃ Ȳắ Ḋ ṳЛ Ϛ Ệứ

ϯᾼḊ פ ῶ ẔᴩⱢȲᴖѹЛὔὑứ

ᴩⱢϯḊ פ П ȷҫϚѠ

Ȳ Ϥ ϷӇ ╥Ệứ ϯᾼḊ

ȴ֯ Low Density Foam ₤М П

ⱢЏ (Nominal Strain 

Rate)Ȳ ѠהⱢḊ ᶮ ⇔ ѿ ѱ

⁴⇔Ȳеֽהϯ: 

МἉḊ ắ МȲӦ

ὑắ ᾼ ⱢМᵅ Ȳ ЊȲѹ

Ḋ ֯ ᶮᾼ ᵮן Ȳ ᾼ

ᵅ᾿ẞ ѦȲ֪ Ḋױ ᾼ ᶮ‍

Ḃ Ȳắ Ḋ ṳЛ Ϛ Ệứ

ϯᾼḊ פ ῶ ẔᴩⱢȲᴖѹЛὔὑứ

ᴩⱢϯḊ פ П ȷҫϚѠ

Ȳ Ϥ ϷӇ ╥Ệứ ϯᾼḊ

ȴ֯ Low Density Foam ₤М П

ⱢЏ (Nominal Strain 

Rate)Ȳ ѠהⱢḊ ᶮ ⇔ ѿ ѱ

⁴⇔Ȳеֽהϯ: 

 
ױ֪ ứ Ϛ ứ Ḋ פ

ᴩ ṳЛ ῶ ҏ ϯᾼḊ ᴩ

ⱢȲἬѿ Ϡ Ϛ Ệứ ᾼפ

ҵȲ ԛ Ḋ פ ᴩ ֽ

5-2ȴϭӦὑ פ ⱢБ῀ȳ ᵅ ѹ

ϯ ПḊ פ ȲἬѿ ứ Ɫ

0ȲֽױӦ Ɫ 0 ứ Ḋ פ

Low Density Foam ₤ᾼв

ᵛҠ ứ ᴟ Ѧ Ḋ ᾼ

ᶮᴩⱢȴ֯ױⱢϠ Ȳ

ПḊ פ ứ Ɫ ῴ

П Ȳ ∟ѿ Л֝ ПḊ פ

ᵂⱢ ҏ Ȳ פ

П ᶮᴯ ᵂⱢ Ϥ Ȳɲ כ ᴩ

ȴ 

ᶙכ∟Ȳ Ἤ

ᴯ פ Ϥ ᶙכᾼ Ȳ ҏ

ẞ ᾼḊ פ ȴԛ ᶙכḊ

פ פ ҅Ϥ Ȳѿ ẞᴯ

פ Ὠ ѩ Ȳ Ὠ

ד Ȳ̔ ῶ ẞ ֥ ῴ ϯП

Ḋ פ ṳᶙכ ȲṼױ☼ Ѡᾎֽ

5-3Ҡ Л֝ П פ ȴ 

ᴟὑẫ ᴩⱢḊ פ ☼ Ȳ

Ԓ Ḃ ẫ פ Ȳ ẫ

פ Ȳṳѿ ПҒ פ⇔ иҠ

Єẫ ֫ Ȳṳứ Ɫ פ П

ȴ ϱ ᶙכП פ ᴩ

ȲҠ ẞ ПḊ ᶮᴯ פ Ȳᶮ

כ ᴩ Ȳ ∟Ҡ ẞ



2016 SIMULIA Regional User Meeting 

 

ẫ Ḋ פ ȲϯϚ ὑ ᶙכП

ẫ Ḋ פ ҅Ϥ ∟ Ὠ

ד ȴ 

 

гȳ Ḋ ἤ ᾼ  

6.1 Л֝ Ḋ פ Ѡᾎ 

ὑЛ֝ ⇔ Ὠ ֥

Ѡᾎ ∟Ȳ∂Ӵ ᶙכП

ȲП∟ ᶮᴯ ϤȲậ

П ϩ פ ȴ֢ Ἤ

ẫ Ḋ פ ֽ 6-1ȳ 6-2ȳ 6-3

ἬӱȲӦ Ὠ ῀ 30 mm Ὠ

ῶ פ ῺȲᴖד 45 mmȳ

60 mm פ ϩẓצ 10~15%

ȲᵀẒ῏֪ ЊȲ Ἤ

ẞḊ פ  Ὼȴד

ᶙ֢כ Ḋ פ ∟

Ҡ ứ Л֝ П ֥ Ḋ פ

Ȳṿ ₤ ѿḆ ֥ ᶮϯ ᴩ

в Ἠҵ Ḋ Ȳ ẞ Л֝

ᶮϯПḊ ₤Ȳ֪ ױ ֢ ᶙכ

П ȳẫ Ḋ פ ѿц פ ֽ

6-4҅Ϥ Low Density Foamצ а

₤Ȳ Л֝ ϯḊ ᴩⱢȲ֝ Ԓ

Л֝ Ḋ ҅Ϥ ₤ ╥ᵡ

֥ ὨȲԛѿ П Ԉ

ᴩ Ȳ ПḊ ᶮפ ѩד

ȴ 

ѩ Ὠֽϯ 6-5ȳ

6-6ȳ 6-7ȲẔᴯ פ Ὠ֯

60 mm ᾓϯ ֥ Ὠȷ

45 mm Ὠ֯ ᴟ ᵅ

ᵅȲ ᴯ פ ᶶ ᴩẫ Ȳ

Ӣ֯ ϱᾼӂ ȷ 30 mm

Ὠ ᶮ ὑ ὨȲT Ь’═֯

Њᾼ вȴ 

ᴖṕȲЄ ϱ Ӕ פ

П ẫ ᴩⱢ ȲӦױᶙכ

Л֝ ϯḊ ᴩⱢП ₤∂ӴȲᴖ֢

ϯа ч ПḊ פ ֽ 6-8ȳ

6-9ȳ 6-10Ȳ ᴟ ᵅ Ѧ Ꞌ֫

ὑ פ Ȳ ֥ ᶮП ȴ 

6.2 Л֝ Ḋ פ Ѡᾎ 

֯ϱϚ БᶙכЛ֝ ⇔ПḊ

פ ₤∂ӴȲṳѹ ᴯ פ

ᴩѩ Ȳ֪ ױ ṿӣױ ₤ ᴩЛ

֝ Ȳ ױ ₤╥ᵡ ц

ӣ֯ӭ›Ἤ ứᾼḊ פ П

ҵ ῴỞ Ԉиᵑѿ ⇔ 10 mmȳ20 

mmȳ30 mmȳ45 mmȳ60 mmȳ100 mmȳ

140 mmП ῴ ⇔ ᴩ ṳ

ѩ Ḋ ᴩⱢȲẔ ∟ ѱ ᶮᴯ פ

ֽ 6-11ȴӦ Мᴯ פ ױ῀ ₤

Єּפᴟ 100 mmѿϱ Ԉ∟ắ ꜜ

Ԉ Ȳѹ ⇔ϱс ѱ ᶮ

ἤ ᵅȲᴖ ⇔Єּפ 16 mmⱢẔ

ȴ֯Ḋ פ Ѡ Ὠֽ

6-12ȳ 6-13Ȳ ⇔ ᵅᾼᵅ ϯ

(10~30mm)ȲḊ ᴩⱢ ᴩⱢדῺȲ֯

0.6›ᵛ֫ ᴟ פ ȲяẔ

10 mmП ⇔ϯḊ פ ῺѾ Ὼὑ

ᴩⱢȴҫϚѠ ϯḊ פ

ϩ ҒȲṳѹᴟю֯ 0.6ѿϱ И

֫ ᴟ פ Ȳῶӱ ₤ ֯׀

ạȴѿױ Ὠ ∟ȲҠ

ӣὑ Л֝ Ḋ ẫ ᴩⱢ

ᴷḊ ᵮ ὨȲT ╥֯ ϯᾼẫ

ῶ Ȳ⁄ḥצὙ ᾼҵ Ḋ ȲҠ

֯ᵮ Ӣ ȴ 

 

ϝȳ ӑẃ  

7.1  

֯ӐѝМ∂ӴϠ EVA ᾚ

Ḋ ֯Л֝ ᾓϯᾼ ☼ Ѡ

ᾎȲѿц∂Ӵ Л֝ ϯḊ ἤ

Пצ а ₤Ȳ ϱ П Ѡ

ᾎ ҏѿϯП ȸ 

1. Ӑׁשṅᵓӣ Ḋᵮ

Ȳ∂Ӵ ֥ Ḕ ϯᵒ

Л֝ ḊП Ѡᾎ☼ Ȳѹ֝

ᾼѠᾎҠѿ ᴩẔ҃ᵮ Ḋ П

ᵮ ȴ 

2. ֯ậ Л֝ ϯḊ פ иȲӐ

ṅשׁ Ѡᾎ в

Ȳ ҏ ῴ ϯПứ Ḋ פ

Ȳ ᵍứ ẞМᵅ М֪Ɫ

ᾼḊ ᴩⱢȴ 

3. ֯ ϱȲ Low Density FoamȲ

∂Ӵ Л֝ П ẫ Ḋ

ᴩⱢ ₤ȲṳӦױ ₤ ắЛ֝

ϯḊ ᾼᵮ ᴩⱢȲT Ữѥ ᵮ

ȴ 
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7.1ӑẃ  

ὑӭ›ᾼ Ѡᾎ☼ Ὠ ҏ

ѿϯ ӑẃѠ֣∂ ȸ 

1. Ḃ ⇔Ȳ ẁ

ҵ Ḋ ἤ П Ȳṳ

ѹҠ ֥Ḇֵ ϯ ᵂֽ ȳ≡

ȴ 

2. П ȳ

а Ȳѿцứ ẫ Ḋ פ Ḇ ᾼ

ҵ в ПѠᾎȲ

ἤȴ 

3. Ḃ ắ Ḋ П ᴶἬ ᾼכ

Ȳ Ӕ Л ⁄ѐЉ₤ᾭᾼ Ȳ

ᵮ ᾼ ἤȴ 
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ϟȳ ѱ 
 

 

1-1 І М֢ Ԉ[1] 

 

1-2 ᵮ ᴷ 

 

 

3-1 Ḋ ү  

 

3-2 EVA ᾚḊ ὍЄ 200

Ὠ 

 

3-3 ѱѐЉ[15] 

 

3-4 Ἦᴼ ѱѐЉ[16] 

 

3-5 ѱȲҿⱢ ѱȳҢⱢ

Ἦᴼ ѱ 
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3-6 Ḋ פ  

 

3-7 Ḋ Ἦᴼפ  

 

3-8 ᵮ  

 

3-9 ӂ Ἅ  

 

3-10 Phantom v310 (8GB)  

 

3-11  

ӂ

 Ἅ 
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3-12 ὨȲҿⱢᴯ ẘ⇔ȳ

ҢⱢҒ ⇔ẘ⇔ 

 

3-13  

 

3-14 ПḊ ᶮ 

 

 

 

3-15 Ḋ ᶮ  

 

3-16 30 mm

ӂᶁ Ὠ 

 

3-17 45 mm

ӂᶁ Ὠ 
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3-18 60 mm

ӂᶁ Ὠ 
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3-19 ֢ ᴯ …

ӂᶁ 

 

3-20 ᶮ› ѱ  

 

3-21 ᶮ∟ ѱ  
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Lateral strain verse Nominal strain

Fitting Curve Slope about 0.2

 

3-22 ѱ ֣ Ӕ֣

… 

 

4-1 Low Density FoamЛ֝

ẫ Ḋ פ [18] 

 

4-2 Пצ а ₤ 
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4-3 ὨḊ פ ѩ  
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4-4 Ӕẫ Ὠ

Ḋ פ ѩ  

 

4-5 ѱ ₤
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Quasi-Static Stress-strain Curve

Simulation Material Property

 

4-6 ѱ ₤ ῶ ПḊ

ᴩⱢ 

 

4-7 ₤ѐЉ 

 

4-8  ₤(CAD) 
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4-9 ₤(ABAQUS) 

 

4-10 ₤ (ӂ ) 

 

 

4-11 ₤ 
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4-12 30 mm ѩ  
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4-13 45 mm ѩ  
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4-14 60 mm ѩ  

 
System 

(process) 

Input 

x(t) 

Observed Output 

y(t) 

Neural Networks 

 

5-1 [19] 
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פ 5-2 Ϥ ПḊ
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6-1 30 mm ẞП
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6-2 45 mm ẞП
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6-3 60 mm ẞП
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