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unknown : RO,RB,MB

|ndeterminate!

= Siﬂgu]aritg function

a=0.28014:b=042895,c=0.88514,d=0.91913,

s msO C

eqi *Og/z*( Y 2-300*(d-a)2+120%(d-a).....
+100*(d-b)"2-100*(d-c)* 2 +40*(d- )+ i =0,

eq2="Qy/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+ 1*d=07,

[Oy,c ] solve(eq eql,Oy,Ci)

a=0.28014;b=042895,c=0.885145d=0.9191%;
C1=82.0490;Oy=-14.1155;

syms Mb Kb

eqa-—’Og 600+200-200+Rb=0";
cqd="120+40+Mb- 6oo*a+zoo*b 200*c+Rb*d=0",

[Mb Rb] solve(eq§ ecﬁ Mb Rb)
DO RS
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™ Pi P Indeterminate!ill

C/r—’ b VA T*—j\/ Take unknown load
\F/:?Q s CaStngv , f ’
¢r i \ TPer
= )
7 \5_28 )
oLﬂ g e Can’t solveli

- Assume load
to be divide!
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InMATLAD!

syms 71 P23 4576 Vi V2 Vs V4 V5 Ve
Oy=491.92;Py=108.08;

eql ='\/6*cos(1.50098)+[ 6*cos(0.06981)=0',
cq2="\6*sin(1.50098)-"6*s5in(0.0698 1)+245.96=0;
“:6,\/6]=solve<eq i ,qu)

eq§=’F5*cos(i 0206)-\/5%cos(0.5501)=0";
eq4="I"5*sin(1.0206)+\/5*sin(0.5501)+245.96=0;
[[75,V5]=s0lve(eq3, eq4)

eqs =1.73%c05(0.6621)+\V3*cos(0.9086)=0";
cq6="-["3*sin(0.6621)-\/3*5in(0.9086)+54.04=0";
[F3,V3]=s0lve(eq5, eq6)

eq7=’~f:i *c0s(1.2566)-V 1*cos(0.3141)=0
eq8="T"1*5in(1.2566)-\ 1*5in(0.3 14-1)+54.04=0";

[f:i ,\/i ]=so|ve<eq7, cc]8>

Fi=-51396Vi=16.7;

eq9 -9 396*c0s(1.2566)+16.7*cos(0.3141)-] 2=0,
cq10="51.396*sin(1.2566)+16.7*sin(0.3 141)-\/2-200=0";
[]:7_,\/7_]=solvc<cc]9, eq i O)
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Design optimization

Minimize f=pLA
a,b
« A=rz{(a+t)(b+t)—ab}

Subeject to
[ 4Mb F
i 3 2 D A
r[(a+t)(b”+3p°t+3bt° +t°)—ab’] A
10, zﬂ-\i—ra <0
3 A F : Inner force
g;,=—a<0
V :Shear force
19,=-b<0
&. = 410Mpa M :Moment
7, = 220Mpa
t =0.005m
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a : Major axis,

b : Minor axis
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METHOD
%:f+2uj—{gj(x)+8f}

= prl{(a+t)(b+1t)—ab}+u, (g, +5,°) +U,(g, +5,°) +Us(s +5,°) +,(g, +5,7)

oL —4Mb(3b°t +3bt* +t°) F t V t
<>—:,07th+u1 — e —— b U, { —— U, =0
oa z[(a+b)(b+t)°—ab’]" = (t°+at+Dbt) 37 (t°+at+Dbt)
oL M {(a+b)(b+1)° —ab®} —6tab’ — 3abt* - 3th* - 6t°b” ~3t°’s t
<> — = prlt+u 2 ) 2
ab z{(a+b)(b+1)° —ab®} 7 (t°+at+bt)

—u Ve t =18
SR (PR e

oL 4Mb F :
B : At =@ts =0
ou, rz{(a+b)(b+t)’-ab’l #{(a+t)(b+t)-ab}

oL 4 2
O = — Ta + 52 = O
ou,  37{(a+t)(b+1)—ab}

O =-a+s, =0
Ou,

<
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|2
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METHOD

’

Can’t solvelllii
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Minimize f=pAL
rt

« A=27xrt, p=2710kg/m’

Subeject to

g, =—t+0.003<0

o, =110Mpa
7, =68.9 Mpa

| =71t

F : Inner force
\/ :Shear force
M :Moment__

Safety factor =10
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METHOD 2nd

4
Z=1+>u,~{g,(x)+s}
j=1

=2prLrt+u, (g, + 512) +U,(g, + S22) +U3(9; +S32)

P e e ) (_an’t solvelliliii

0%l E S \We don’t know

|
1
Z%: I\l:lzthzFrt_G"j‘le:0 : WI l
uy =7 T i =2oIE 2
= us. =0
: <> leas le i
oX 2V 5 [
<> ou. 3art G320 ¥ :
2
0w
<> —:—t+0005+s 0 l
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Ptimization Result '

from graphical METHOD
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Discriminati

B
B
B
B
D

On

t ==
CAMir=
~ AM 2r=
~ AM 3r=

AM 4r=

— AM 5r=

B

~ AM ér=
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with EXCEL SOLVER’

O0.0050 m all the same.

0.0295 m
0.0246 m
Q.0572 m
0.0261 m
Q.0022 m
Q.0027 m



OPtimum Dcsign
\\,&Trofessor Min

Conclusion

lt’s too hard to design

BICYCLE FRAME”

e

“inal Weight =3.19 ke
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