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ᾼ  ϩѻ ẃᴞὑ ᾼ Ȳᴖ ⁄֪ὑ ᾼ ἤ Ȳ

ἤ ṿӣ иέ (DMA) ᴩ ȲҠῴḔ ᴷ  ϩἤ Ȳᵀ ᾎ

ᴷ  ϩ ѿц ᾼ Ȳ╝Ӑׁשṅᵓӣצ а Abaqus

205/55R16 91V Ṟ ∂Ӵ ₤Ȳ Ḗ ᴞӦ Ȳѿ Fortran ה

 ϩȲṳ Ӧ AbaqusᾼІ ᶧ Subroutineғ Ἤ П ҷ Ɫ ᴩ

иέȲṼ ẞП ⇔ Ḃ Ḋ ἤ Ȳ ắ ⇔ П  ϩȲ ∟

₤Ἤ П  ϩѿц ⇔  ϩП ȴ 

 

ֿȸ ȳ Ṟ ȳ  ϩȳצ а ȳ ҷȳ ϩ ȳ иέ 

 

Ϛȳ›ṕ 

ᾼ  ϩ ὑ Ṟᾼ ᾿צ

Ȳ ѿϚү60km/hᴩ ᾼ ṞẃכȲ

Ӱᾒᾼо צפּ 21.5%ӣὑ Ṟ ȲẔ

Мּפ 53.5%ӣẃᵌὢ  ϩ[1]ȲҠṓ
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ȳ ֮ ᾼ ѿц
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ẃ ᴞ ὑ ᾼ ἤ
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Abaqus∂Ӵ ₤Ȳ ҉ ֮∟Ȳ

ѿ Abaqus ẁᾼ Steady State Transportғ

Ḗ ᴞӦ Ȳ

Ὠ ҏ֢ ᴯ ὑ Ϛ ∟ᾼ ϩ

Ȳṳѿ Ӵ פ֥ Ȳ҅Ϥ

ἤ ҷȲ ϯᾼṞ

ѿца ᴩ иέȲ

ẞ ⇔ ∟ѿḕ а ϱᾼ и ⇔

ứ ᾼ ἤ Ȳԛ ᴩϚװ

иέȲᵒ ẞᾼ ⇔ ╥ᵡן Ȳ ן

⁄ ѦиέȲ ϯ ⇔ᾼ  ϩȲ

ӑן ⁄ԛ Ȳ֢̔ ∂ Ѡה

Ϛ Ὑȴ 

 

 
2ȳ ☼  

 

2.1 FEM ₤ 

    Ӑׁשṅиέ Ɫ 205/55R16 91V

ҳ᾿ ȲӦὑ Ɫ ϩ ᴩⱢȲ

╝ ₤ ѿϯ Ȳ ᵅ ἤ

ю  Ӑȸכ

ϕ Ɫ ֣ȳᶁ ȳЛҠ  

ϕ … Ɫ 0.7 

ϕ ꞋⱢ  

ϕ Ȳ ⇔ᶁи

Ӂ 

ϕ  ϩ ᴕ Ȳ 

Лᴕ Ὲ  ϩ 

    ϡ ₤ֽ 3Ȳ иṿӣ

а Ɫ CGAX4H CGAX3HȲ ȳỆ

ứ Ӂ ѿ RebarѠהứ Ȳа Ɫ

SFMGAX1Ȳ Ɫ CGAX4Ȳױϡ

₤ӣὑ ѿц҉ иέȲ ṿ

ӣ Abaqusᾼ*Symmetric Model Generation

*Symmetric Results Transfer╓ Ȳ̓ ϡ

₤ ⱢϮ ₤Ȳֽ 4Ȳṳ ϡ

₤ᾼ҉ Ὠ ᴟϮ ₤ϱȲṳὑ ₤

вҒϤҙ Ɫ 1m ᾼ Ȳ ṿӣ

*Steady State Transport╓҆ ᴩ

Ȳ ѿ Fortran ᾼ Subroutine 

URDFILѿцUMOTIONḖ ᴞӦ Ȳ

Ὠ ҏ֢ Ϛ ᾼ ϩ

Ȳẁ∟ ҷ ṿӣȲᴖ ȳ

⇔ ԈṼ ISO 28580

ᴩ ứȲ 210kPaȳ 492kgfȳ

⇔ 80km/hȴ 

 

 
3ȳ2D ₤ 

 

 
4ȳ3D ₤ 

 

2.2Ḋ ἤ  

2.2.1 ἤ(Hyperelastic) 

    ὑЄ ᶮϯЬ’═ ἤȲѹ ϩ

…Ɫ ἤȲ ὑױḊ ᴩⱢҠӣ

ẗ ẃ Ȳֽ MarlowȳOdenȳ

Mooney-RivlinȳYeoh ẗ ȲӐׁש

ṅ ֢ ᴯ ᴩἮᴼ ậ

Ȳṳṿӣ Marlow Model[10] ֥Ἦᴼ Ȳ

 ȸ[11](1)הֽ

 

Ὗ Ὗ Ὅ Ὗ ὐ  (1) 

     

    ẔМ Ϛ ҠӦἮᴼ ẃứ Ȳ

ϡ Ӧὑ ⱢЛҠ Ȳ╝Ҡע Ȳ

Marlow ֥ ὨҠṓ 5ȴ 
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5ȳMarlow ẗ ֥  

 

2.2.1 ἤ(Viscoelastic) 

    ἤ Ҡ иέ

(DMA) ᴩ Ȳ כ ׀ Storage 

Modulusȳ ҷ Loss Modulusѿц ҷ

ӔйÔÁÎȲӦὑ Ȳḕ ᴯ

Ἤắẞᾼ ᶮ ⇔ꞋЛ֝Ȳ֪ױ DMA

ᾼ Ԉ ὑЛ֝ ⇔ѿцЛ֝ ϯ

ᴩ ȲӐׁשṅ Ԉ ӣ 11.5Hzȳ

⇔ 25~100̆ ȳ 0.1~25%Ȳ

ЄЊӦ(2)ה ȲẔМὪⱢ (Hz)ȳὠⱢ

ᴩ ⇔(mm/s)ȳr Ɫ ҙ (mm)Ȳ

6ⱢẔМϚ ᾼ DMA ȲҠ

ṓЛ֝ ⇔ѿц ÔÁÎ 

Єȴ 

Ὢ ὠ
ς“ὶ (2) 

 

 
6ȳЛ֝ ⇔ϯ Strain Amplitude Sweep 

 

2.3 ҷ  

    Ӧ Ḗ ᾼᴞӦ

Ȳ ҏ֢ ᴯ Ϛ ᾼ ϩ

Ȳֽ 7Ȳѿ(3)הȳ(4)ה Ӵ ֥

֢ ϩ פ [6]ȸ 

 

 

7ȳ ᶝ „ פ‐  

— ὥ ὃ ίὭὲὲ— •  (3) 

„— ὥ ὃ ίὭὲὲ— •  (4) 

ẔМὃ ὥ ὦ̡• ÔÁÎ
ὥ
ὦ ȴ 

    Ӧὑ Ɫ ἤḊ Ȳ ϩ פ

ֽצ 1МᾼדᴯṔȲ ᴯṔדױ

Ϥ(4)הȸ 

„— ὥ ὃ ίὭὲὲ— •

Ὕȟ‐ȟ  

(5) 

(3)ה     ̔(5)ה Ϥ(6)הȲҠ  ȸ(7)ה

Ὁ  ὠ „ὸὨ‐ (6) 

“ϽὲϽὠϽὃ Ͻὃ ίὭὲ• • Ὕȟ‐ȟ  (7) 

    ᵛҠ Ἤ Ӣᾼ

ҷȲẔМדᴯṔắ ⇔Ὕȳ ȳ

ʀ Ȳ Ϛװ ҷ Ȳ

Ϛṿӣ 60̆ ϯᾼ ἤ Ȳ ֪

ԈⱢ ⇔ 80km/hȲἬѿỆứ 11.5HzȲᴖ

⁄ ᴞӦ ẞ֢

П פ ЄЊẃḟứȴ 

    Ӧ(7)ה ֢ ҷṳҒ

ȲҠ Ϛ ҷὉȲṳ

҅Ϥ(8)הҠ  ϩὊȸ 

Ὂ
Ὁ
ὒ 

(8) 

    ẔМὒⱢ Ϛ Пᴩ ȲҠ

Ӧς“ὶ ȴ 

    ϱ Ἤ  ϩⱢ

⇔Ꞌ 60̆ Ȳ ⇔ ἤ ὑ

иέ Ϥᴕ Ȳ ҷ Ȳֽ

ȳ Ӵ ֥ȳ֢ ᴯ

 ϩ ȲꞋӦ Fortran ṕ ה

ȲṳѹҠṼ Л֝ ᴯиᵑ

ҏ ҷ  ϩȲ ϚḔ

ѿцẁ∟ иέṿӣȴ 

 

2.4 иέ 

Ȳӑ ֮ц ֮ и

ᾼ ⇔иӁ╥Л֝ᾼȲᵀ ᴩԓ 3D
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иέ ѹ Ӑכ Ȳ╝

₤ оⱢ 2D Ȳṳ ὑ ӂ

ȲỂ֣ḥצ ⇔ ⇔ȲẔ҃ ֽϯȸ 

ϕ Ϛ Ɫ ҷȲ

100% 

ϕ ⇔ ÔÁÎ оȲ …

ѿцѩ Л ⇔Ḃ  

ϕ ֢ … ѩ Ꞌ֝ד 

ϕ Лᴕ ֪ Ӣᾼ  

    2D ₤ֽ 8ȳ 9Ȳ 8

Ɫὑ в∂ӴῈ Ȳ

Ɫ Air ModelȲ 9⁄╥ Ȳ Ɫ No Air 

ModelȲẒ῏ ₤Ꞌὑ ȳ ứ֝ד

☼… Ȳᴖ Air Model⁄иᵑứ Ὲ

ᾼ … ȲNo Air Model⁄ѿ

☼… ứ в ῶ Ȳᴯ⅍ Ꞌ

Ɫ 25̆ Ȳ ☼… … Ҡṓ

ῶ 1ȴ 

 
8ȳAir Model 

 

 
9ȳNo Air Model 

 

 Air Model No Air Model 

Thermal 

convection 

Coefficient 
ᴯȸW/m2˘ 

Tread 100 
Sidewall 50 

Liner  5.9 
Bead  30 
Rim 

Surface 150  

Thermal 

conductivity 
ᴯȸW/mm˘ 

Air  0.024  

Rim 43  

ῶ 1ȳ ☼… … [4, 5, 12] 

    ậ› Ἤ П ҷȳ

ѿц иέ ꞋӦ Abaqus Subroutine 

USDFLD HETVAL ᴩȲUSDFLDҠᴞ

ᴩứ SDV ׀ ᾼ Ȳѹ

Ҡṿӣ CALL GETVRM ậϱ ᾼ

Ȳᴖ HETVAL Ҡᴞᴩὑа и ϱứ

Ȳ ҠӦἬ П ҷ҅Ϥ

(9)ה Ḗậȸ 

ὗ
Ὁ ὠϳ

Ὕ
 (9) 

    ẔМὉ ὠϳⱢа ᴯ ПӢ ȲT

Ɫ (=ς“ὶ/ὺ)ȴ 

    Ӧ› ѠהȲѿ HETVAL ứ

ᴩ иέȲ ẞ ⇔ иӁ∟Ȳ

ṿӣ CALL GETVRM ậ и ϱП ⇔Ȳ

ᵒ ╥ᵡן Ȳ ḥן ⁄ ᴩ ҅Ȳ

⇔ о∟ᾼÔÁÎ ϯП ц

 ϩȲ ԛṿӣHETVAL ᴩ иέȲ

᾿ẞ ⇔ иӁן ⱢѦȲv Ҡ ֢ ᴯ

ắ ⇔ о П  ϩȴ 

 

Ϯȳиέ Ὠ  

3.1 ⇔иᵉ 

    10ȳ 11Ɫ Air Model No Air 

Modelὑ 210kPaȳ 492kgfȳ ⇔

80km/hϯᾼ ⇔иӁȲҠṓ ֯

Ῐᾼᴯ Ȳ ֪Ɫױ ᴯ ⁴⇔ ⁴Ȳ

ṿ Лὔ ҏȲᴖ ⇔

ῘᵅȲ╥ ☼… ᾼ …Ȳ

☼… ╥֪Ɫ Ȳ

Ḇֵᾼ ῶ ᴟῈ Ȳ

⁄֪ Ἤ Ӣᾼ ᶮ юȲἬѿ

Ẕ юȲ ⇔ ᵅȲᴟὑ Air Model

No Air ModelП ᵑȲὙ Ҡṓ Air 

Model ⇔ѩ Ȳ ֪Ɫ Air ModelῈ

… ѿц No Air Modelв ☼

… ЄЊᾼ Ȳ в Ὲ

ϱ╥֯צ☼ ᾼȲ֪ Ὲױ ᾼ … Ἠ

в ῶ ᾼ ☼… ֪ ȳ ѐЉ

Ȳ֪ ѝ֢ױ Ἤ ӣᾼ ☼…

Ἠ … ꞋЛ Ȳ֝

ậ Ȳ∟ ѿἬ∂Ӵ ₤ ⇔

 ϩП ȴ 
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       10ȳAir Model ⇔иӁ 

 
        11ȳNo Air Model ⇔иӁ 

 

3.2 ҷиᵉ 

    ҷиӁ  ϩ оѿ Air 

Model ᴩ Ȳ 12Ɫ ҷ ⇔и

ӁȲ 13Ɫ  ϩиӁȲ 14Ɫ  

ϩὑ ֢ ᴯᴾѩẂᾼ ȲӦ֢

Ҡṓ  ϩ ѩẂ ֵᾼ ᴯⱢ

ȲẔװ╥ Ȳ ֪Ɫ Ẓ ᴯ

ὑ Ӣ Єᾼ᷁פ Ȳɲҫҵ

כ 12 13П ῶ ȲҠṓẔ

֝ ᴯ в ẃᾼ Ȳѻ Ɫῶ

֪᾿ Ὲ Ȳѹ ☼… ᴖ

צ ֮ Ȳ ⇔ о ὑÔÁÎצ᾿ ֮

Ȳ 15Ɫ ֢ ᴯПÔÁÎиӁȲ

10П ⇔иӁ ѩד Ȳ ⇔ ᵅᾼ

ᴯẔÔÁÎ Ȳֽ ῶ Ȳᴖ

⇔ ᴯÔÁÎ ᵅȲֽ Ῐв Ȳ

› Ҡṓ ὑ Ȳ֢ ᴯ

П ⇔ṳЛ╥ᶁϚ Ȳ Ẕ ᶮЄЊȳ

ἤ ȳ ⇔ᶶ ȳ ꜜ Ԉ ֪

Ȳ ⇔ о ÔÁÎȲÔÁÎЄЊ

ҷѿц Ȳ Ӽ

⇔Ȳ֢֪ П … Ȳᴟὑלד ⇔

 ϩ Ӧ Ὠ

ѩ ᾼѠה ᴩ ȴ 

 

 
12ȳ ҷ ⇔иӁ 

 

 
        13ȳ  ϩиӁ 

 

 

 
14ȳ  ϩ    

 

 
15ȳÔÁÎиӁ 

 

3.3 ѩ  

     ϩ Ϡ┬ ISO 28580

ứ ԈҵȲϷ Л֝ Ȳ

Ԉ֯ 210kPaϯȲ ậ 369, 492, 

615kgfȲ ứ 60̆ (ӑᴕ Ȳ

Ḋ ἤ ⇔Ệứ 60̆ )ȳAir ModelȳNo Air 

Model П Ὠѩ ֽ 16Ȳ Ԓ כ

ứ 60̆ П Ὠ ѩ ȲҠ

ṓ֯ᵅ ᾓϯ  ϩצᵅ ȲKᴖ

ϯ  ϩ⁄ ᴷȲ כ Air Modelȳ

No Air Model ứ 60̆ П Ὠѩ Ȳ

Ҡṓᵅ ᾼ  ϩ Ὑצ

Ḃ Ȳ ֪ⱢЛ֝ ϯצЛ֝ ᶮ ЄЊȲ
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╝ ӢЛ֝ Ȳṿ צ⇔ оȲЛ֝

ϯП ⇔иӁҠṓ 17Ȳὑᵅ ֪

ᶮ ЊȲ╝ ӢП ЊȲ ⇔

Ȳɑṿ ÔÁÎϱсᴖ  ϩ ҒȲ

ὑ ֪ ᶮ ЄȲ Ӣ ЄȲ╝

⇔ ṿÔÁÎϯ Ȳ  ϩ

ᵅȲҫҵ Air ModelȳNo Air ModelẒ

Ὠ ṷצ Ȳ ֪Ɫ Air Model ẞ

П ⇔ Ȳ╝Ẕ  ϩѩ No Air Model

Ἤ ẞᾼ Њȴ 

 

 
16ȳ Л֝ Model Ὠѩ  

 

 

 
17ȳЛ֝ ϯП ⇔иӁ 

(ϱ 369kgfȲϯ 492kgf) 

 

    ϱ Ҡṓ ⇔  ϩצὙ

Ȳ ֪Ɫ ⇔ Ȳᴖ

ᾼÔÁÎ ⇔ оצὙ Ḃ Ȳ 18ⱢХ

ὑЛ֝ ϯП

ѩ Ȳѩ ὑứ ⇔ оП ὨȲ

Х иᵑⱢ 165/60R15 77Hȳ

195/55R16 87Vȳ 205/55R16 91Vȳ

245/45ZR19 102Yȳ275/45ZR19 108YȲ Ὠ

ҠṓҒϤ ⇔ ∟Ȳ

ḆⱢ ῺȲҫҵ ᵅ ѩד

о ЊȲ ֪Ɫӑᴕ ⇔

ἤἤ ᾼ Ȳ֪ ⇔ ἤἤ

֯ ἤ ϱ ῧ Ȳֵ╝

₤Ҭ ⇔иӁ֫ ᴟ ἤ

ᾼ оȲT ϱ П ѿц∟ ד

ȲW Ὠ ӱѿ ◕П   ᴷ ₤

БṜ ӣẃ Л֝ Ѡ

  Ȳᴟὑ ⇔ ἤἤ Ȳӑẃ

Ẕ Ϥ ₤иέ☼ Ȳṳ  

ϩП ȴ 

 
18ȳЛ֝ П Ὠѩ  

 

3.4 иᵉ 

    ֯ ḕ ᴯᾼ ᶮ Є

ЊꞋЛ֝ȲӼᵛ ӑ ֮ẞ ֮Ȳԛ

֮ẞӑ ֮ ȲἬ Ӣᾼ ᶮ

ЛϚ Ȳᴖ ÔÁÎצ

−Єᾼ Ȳֽ 6Ȳ֪ױ Ϡ› ẞ

⇔ ἤ ᴕ ҵȲ

П֢ ᴯ ЄЊӼ ᴕ Ȳ 19

ҿ Ɫ Ӧ Ѡה П

иӁȲҢ Ɫ П иӁȲ

Ҡṓ 1~5%P ЄѩẂȲ ϚḔ

6 Ҡṓ֯ױ צ ЄᾼÔÁÎȲ

ὙϚ ᾿ ӦDMAᵒᵑ ἤ Ȳ

ԈⱢЊ Ȳӭᾼ╥

ẞᾼÔÁÎ’═֯ ἤ вȲᵀѿ

  ֵᾼ ẃכȲ ѻ ֯

1~5%ȲẔἬ ᾼÔÁÎ Ȳ ṿӣ ᵅ

ᾼ Ȳֽ 0.1%Ȳ ᾼ

 ϩ ᵅᴷᾼצ ᾓȲ֪ ױ ᴩ  

ϩ Ȳ ÔÁÎᾼ Ԉ ứЛ

֝ ϯȲẔМѿ 205/55R16 

91Vẃ Ȳ 1~5%Ɫ ◕Ȳҫ

ҵѩ 0.1% 1~5%ϯᾼÔÁÎȲҠṓẒ῏צ

−Є ȲẔМ 1~5%ᾼÔÁÎ֯ Л

֝ ⇔ϯ оѩ 0.1% Ὑ Ȳ ᾿ Ӧ

DMA ᴷ  ϩἤ Ȳ П
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Ԉ∂ ѿ 1~5% ᴩȲӦױ

ᵒ  ϩἤ ֻ ȴ 

 

 

 
19ȳ иӁ(ϱ )ȳ

иӁ(ϯ ) 

 

3.5 ἤ о  

    › ц  ϩ ᴕ

ÔÁÎ Ȳṳѹ ѿ DMA ᴷ

 ϩἤ Ȳ∂ 1~5%ᾼ

ÔÁÎȲ֪ױѿḂ ѠᾼѠה ᵅ

 ϩȲҠ њὑ ᵅ 1~5%ᾼ

ÔÁÎȲֽ 20Ȳ Ԓ Rubber 1ᾼ  ϩ

Ɫ 47.13NȲ Ӧ ѠḂⱢ

Rubber 2Ȳ  ϩ Ɫ 39.64NȲױѠה

 ϩҠϯ פּ 15.9%ȲҠṓ ᾼ

ÔÁÎϯ Ȳ  ϩ ֮ ᵅȲ҅ῶ

Ѡ  ϩצ᾿ ᾼ ȴ 

 

 
20ȳ ÔÁÎὑЛ֝ ϯѩ  

 

     ϩ Ϡắ ἤ ҵȲ

Ϸצ−Єᾼ Ȳѿה 7Ҡṓ

 ϩѻ Ӧ ᶮ ȳ ἤ

Ϯ Ȳ› ю 1~5%ᾼ

ÔÁÎѻ ╥ ἤ Ȳᴖ

ϱ ᴩ о Ȳ ю ṿӣȲ

ὑ  ϩ╥ҠḂ ᾼȲ 21Ɫ

ᴩ о ȲѠᾎⱢ ֢ в ᾼ⁴

⇔Ȳ юּפ 10.9%Ȳ  ϩ ю

פּ 8.6%ȴ 

 

 
21ȳ о ( ю ⁴⇔) 

 

    ὨҠṓ о ю ṿӣ∟Ȳ ὑ

 ϩצὙ ֮Ḃ Ȳ֝ Ϸ ᵅ

ᾼ ӐȲTכ ᵅ ⁴⇔

ἤ ׄԓἤȲ֪ Ьױ ᴩẔ҃иέ

Ȳѹ֝ Ϸ ᴕ ϱֽ ҏ ⇔

ẓ ╥ᵡצ ϩ ᴩȲᴖ ṷ ╥Ҡ

ѿᵌὢᾼȲ֪ ױ ϱ ᴩ о ὑ

ᵅ  ϩᴖṕ╥Ϛ ҠᴩПѠהȴ 

 

ҳȳ  

    ӭ›∂Ӵ   ᴷ ₤Б ⇔

ἤ ᴕ Ȳ ד иέ Ҡ

ṓ ⇔  ϩ  ЄȲᴕ ⇔

∟ ₤Ἤ ᾼ  ϩ Ḇ Ȳҫ

ҵ ὑ  ϩ ᴕ Ȳ

ḕ ᴯᾼ ᶮ

ꞋЛ֝Ȳᴖ ὑ ᾼÔÁÎצ᾿

֮ ȲЄ ϱ צ5%~1 ЄᾼÔÁÎȲѹ
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