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Objective :

Requirement :

Bicycle frame lightening.
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Specified Data
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Specified Data
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Complicate!
→ Neglect Torsion.
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04/16

Condition Define
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Indeterminate!
→ Singularity function

a=0.28014; b=0.42895; c=0.88514; d=0.91913;
syms Oy C1
eq1='Oy/2*(d)^2-300*(d-a)^2+120*(d-a)…..

+100*(d-b)^2-100*(d-c)^2+40*(d-c)+C1=0';
eq2='Oy/6*(d)^3-100*(d-a)^3+60*(d-a)^2…..

+100/3*(d-b)^3-100/3*(d-c)^3+20*(d-c)^2+C1*d=0';
[Oy, C1]=solve(eq1,eq2,Oy,C1)

a=0.28014;b=0.42895;c=0.88514; d=0.91913;
C1=82.0490;Oy=-14.1155;
syms Mb Rb
eq3='Oy-600+200-200+Rb=0';
eq4='120+40+Mb-600*a+200*b-200*c+Rb*d=0';
[Mb, Rb]=solve(eq3,eq4,Mb,Rb)

Dime chaser

unknown : RO,RB,MB 05/16

Condition Define
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Data Analysis V,F
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Take unknown load

+ Castigliano’s
Theorem

Dime chaser

Can’t solve!!!!!!!!!
Assume load 
to be divide!
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Dime chaser

syms F1 F2 F3 F4 F5 F6 V1 V2 V3 V4 V5 V6 ;
Oy=491.92;By=108.08;
eq1='V6*cos(1.50098)+F6*cos(0.06981)=0';
eq2='V6*sin(1.50098)-F6*sin(0.06981)+245.96=0';
[F6,V6]=solve(eq1,eq2)
eq3='F5*cos(1.0206)-V5*cos(0.5501)=0‘;
eq4='F5*sin(1.0206)+V5*sin(0.5501)+245.96=0';
[F5,V5]=solve(eq3, eq4)
eq5='-F3*cos(0.6621)+V3*cos(0.9086)=0';
eq6='-F3*sin(0.6621)-V3*sin(0.9086)+54.04=0';
[F3,V3]=solve(eq5, eq6)
eq7='-F1*cos(1.2566)-V1*cos(0.3141)=0';
eq8='F1*sin(1.2566)-V1*sin(0.3141)+54.04=0';
[F1,V1]=solve(eq7, eq8)
F1=-51.396;V1=16.7;
eq9='-51.396*cos(1.2566)+16.7*cos(0.3141)-F2=0';
eq10='51.396*sin(1.2566)+16.7*sin(0.3141)-V2-200=0';
[F2,V2]=solve(eq9, eq10)

In MATLAB!

Data Analysis V,F
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Verified  93%  at Mb
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Data Analysis M
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Design optimization
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Karush-Kuhn-Tucker
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Karush-Kuhn-Tucker

Can’t solve!!!!!!!!!

Infeasible problem..
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Re-design optimization

r t/210Safety factor
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Karush-Kuhn-Tucker

Can’t solve!!!!!!!!!
We don’t know 

WHY!!
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Optimization Result
from graphical  METHOD
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Discrimination
with EXCEL SOLVER’

t = 0.0030  m  all the same.
BEAM 1r= 0.0295  m
BEAM 2r= 0.0246  m
BEAM 3r= 0.0372  m
BEAM 4r= 0.0261  m
BEAM 5r= 0.0022  m
BEAM 6r= 0.0027  m
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Conclusion

It’s too hard to design 

‘BICYCLE FRAME’

※ Final Weight =3.19 kg
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Modeling
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Rendering
Optimum Design
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QUESTIONS?


