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Result of previous project

Optimized data

Active constraint : t_min, S_allow_rim
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Explanation of added variables

Spoke Diameter d

1≤d

커질수록 σ_spoke 감소, 질량 증가

Number of spoke n

10≤n≤32

커질수록 σ_spoke, σ_rim 감소, 질량 증가

짝수만 허용하는 이산변수

범위가 넓으므로 연속변수로 취급



Optimization with Excel solver

초기값(Feasible region)
Rim depth p=25

Rim thickness t=1.5

Spoke diameter d=1.5

Number of spoke n=20

초기값(Infeasible region)
Rim depth p=32

Rim thickness t=0.8 (σ_rim<σ_allow)

Spoke diameter d=1

Number of spoke n=24 (σ_spoke>σ_allow)



Solver Executed(Feasible)

Remained at local minima

Optimization with Excel solver



Optimization with Excel solver

Solver Executed(Infeasible)

Found optimum point

Spoke constraint 가 더 영향을 미침.

초기값에 의해 영향을 받음.



Optimization with MATLAB

Function fmincon
21 times Iteration (function count : 182)

Active Constraint

g1 [σ_rim<σ_allow]

g2 [σ_spoke<σ_alow]

g4 [t>t_min]

g6 [n<n_max]

Optimized Value
4.539 * 10^7 [kgㆍ㎟]

32

n

1.301

d [mm]p [mm] t [mm]

26.153 0.8



Result value

Optimized value f=4.539E7 [kgㆍ㎟]

종전의 값인 7.743E7 보다 40%정도 개선

Analysis
J_rim≫J_spoke

Spoke의 개수가 늘어날수록 σ_rim 의 값이 감소

σ_rim이 줄어들면서 minimize, J_rim 최소화

Result and Result analysis

32

n

1.301

d [mm]p [mm] t [mm]

26.153 0.8



Result and Result analysis

Postoptimallity Analysis
Change material to 6Al-4V Titanium

Change Constraint and Objective function

σ_allow=827MPa, ρ=0.0045kg/㎣

Pridected Result

Replace rim -> p decrease, m_rim increase

Replace spoke -> d, n increase, m_spk decrease

Replace both -> p,d,n can decrese?



Result and Result analysis
Changed rim material

Changed spoke material

Changed both

181.42710.815

nd [mm]p [mm] t [mm]

f 4.713E7

321.4310.826.15

nd [mm]p [mm] t [mm]

f 4.418E7

181.570.815

nd [mm]p [mm] t [mm]

f 4.621E7



Conclusion

기존 설계보다 경량화에 성공
약 40%정도의 감량

Spoke 재질을 바꿀 경우 조금 더 경량화 가능

기존 설계는 공기저항을 고려한 설계


