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2 해석– Modeling

기하학적 비선형

대변형( F i n i t e  S t r a i n  T h e o r y )

𝐺𝑟𝑒𝑒𝑛 − 𝐿𝑎𝑔𝑟𝑎𝑛𝑔𝑒 , 𝑠 𝑡𝑟𝑎 𝑖𝑛 𝑡𝑒𝑛𝑠𝑜𝑟

𝜀 𝑖 𝑗
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Hyperelasticity Primer, (R.M.Hackett) – Chapter 2 (Strain Measures) 

Hyperelastic
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재료(hyperelast ic )  의 비선형성 & 비압축성

l a w s  f o r  h y p e r e l a s t i c m a t e r i a l s

- N e o - H o o k e a n

- M o o n e y - R i v i l i n

- P o l y n o m i n a l f r o m  o f  o r d e r  2

- R e d u c e d  p o l u m i n a l f o r m  o f  o r d e r  2

- Y e o h

- A r u d a - B o y c e
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해석– Modeling

𝑈 = 𝐶10 ҧ𝐼1 − 3 + 𝐶01 ҧ𝐼2 − 3 +
1

𝐷
𝐽 − 1 2

U : 변형에너지 포텐셜
C,D : 재료 상수
I : Deviatoric Strain Invariant
J : Elatic Volume Ratio
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타이어-지면 / 타이어-휠 경계조건의 비선형성

복잡한 트레드 패턴 ->  smooth 타이어

𝜏𝑒𝑞 < 𝜏𝑐𝑟𝑖𝑡 → 𝑠𝑡𝑖𝑐𝑘

𝜏𝑒𝑞 > 𝜏𝑐𝑟𝑖𝑡 → 𝑠𝑙𝑖𝑝
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해석– Modeling
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Geometry & Constrain
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해석– COMSOL(2D)
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Mesh & Result
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해석– COMSOL(2D)
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Geometry & Constrain
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해석– COMSOL(3D)



2
Mesh
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해석– COMSOL(3D)



2
Result
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해석– COMSOL(3D)

타이어 압축 정면
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Sti f fness (2D & 3D)
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해석– COMSOL

2 D 3 D
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결과 : 실험값과 비교
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해석– COMSOL

출처 : MR 댐퍼를장착한1/4차량의타이어공기압에따른성능분석,  (한국소음진동공학회논문집/제 20 권제 3 호)
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RIDE COMFORT
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해석– COMSOL & AMESIM
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RIDE COMFORT
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해석– COMSOL & AMESIM

Tire inflation(psi) 20 24 28 32 36 40

Stiffness(kN/m) 150.0 165.5 182.1 199.7 218.4 237.9

Frequency(Hz) 0.949 0.953 0.956 0.957 0.961 0.962

진동수가낮을수록승차감면에서유리하다.

보행시진동수 : 1~1.5Hz

RIDE COMFORT는타이어공기압에반비례
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RIDE COMFORT
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해석– MATLAB

𝑹𝑹 =
𝐾𝑠𝐾𝑡

𝐾𝑠 + 𝐾𝑡
𝐾𝑠 ∶ 𝑆𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 𝑆𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠
𝐾𝑡 ∶ 𝑇𝑖𝑟𝑒 𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠

1~10Hz : 사람이 잘 느끼는 주파수 영역

RR 증가하면 Magnitude 증가
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SLIP ANGLE
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해석– AMESIM
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SLIP ANGLE
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해석– AMESIM

inflation pressure 감소

cornering stiffness 감소

Inflation(psi) Cornering stiffness Slip angle

20 34407

24 38229

28 42052

32 45366

36 47914

40 49698

조향성안좋아진다
(Slip angle 증가)



3 결론
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Traction

Damages

Harsh and Noisy

Response

Performance

Safety

HandlingComfort



4 고찰
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부족한점

Nonlinear 한부분 -> 완벽한모델링을하지못함

승차감과조향성을고려한적당한공기압산출

3D 모델의긴 compute time ( 2D 모델의한계 )
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