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The material is a Ti75a
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Mass of the Connecting rod

f(1,A) = plA

4

f(R,,R.1)=plz(R; —R)
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Buckling by axial load on Conrod

g1=abs((cos((acos((1 ((r_1./x3).72).*(sin(theta).”2)).2(1./2)))).*(-(((pi. *x1.72-pi. *x2.72).*x3.*4400).*(((-

(N.*2.*pi./60).22).*r_1.*cos(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-
sm(theta) 72).10.5)).A2).*x3.*((r_1./x3).*(((x3./r_1).A2-sin(theta).72).7(1/2)))-
((2./(x3.*((r_1./x3).*(((x3./r_1).~2-sin(theta).”2).~(1/2))))).*(((N.*2.*pi./60).72).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-sin(theta).?2).70.5)).A2).*x3.*(-(r_1.*sin(theta)./x3)))).*x3.*(-
(r_1.*sin(theta)./x3))))+(6064925.*D"2.*pi./4)))+cos(pi/2-(acos((1-
((r_1./x3).722).*(sin(theta).?2)).2(1./2)))).*(((M_c.*((-r_1.*((N.*2.*pi./60). "2) *sin(theta)-((-
(N-*2.*pi./60).*cos(theta)./(((x3./r_1).A2-sin(theta).A2).70.5)).A2). *(x3 /2).%(-
(r_1.*sin(theta)./x3))+((1./(x3.*((r_ 1./x3).*(((x3./r 1).A2-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).22).*r_1.*sin(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-
sin(theta).22).20.5)).A2).*x3.*(-(r_1.*sin(theta)./x3)))).*(x3./2).*((r_1./x3).*(((x3./r_1).72-
sin(theta).”2).2(1/2))))).*(x3./2).*((r_1./x3).*(((x3./r_1).2-sin(theta).A2).7(1/2)))-M_c.*((-
r_1.*((N.*2.*pi./60).72).*cos(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-
sm(theta) A2).20.5)).722).*%(x3./2).*((r_1./x3).*(((x3./r_1).~2-sin(theta).*2). "(1/2)))
((1./(x3.*((r_1./x3).*(((x3./r_1).~2-sin(theta).~2).~(1/2))))).*(((N.*2.*pi./60).72).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-sin(theta).72).70.5)).72).*x3.*(-(r_1.*sin(theta)./x3)))).*(x3./2).*(-
(r_1.*sin(theta)./x3)))).*(x3./2).*(-(r_1. *sm(theta) /x3))+lzz. *((1./(x3.%((r_1./x3).*(((x3./r_1).72-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).22).*r_1.*sin(theta)-((-(N.*2. *pi. /60).*cos(theta)./(((x3./r_1).2-
sin(theta).”2).70. 5)) 72).*x3.*(-(r_1.*sin(theta)./x3))))+(-(((pi.*x1.72-pi.*x2.72).*x3.*4400).*(((-
(N.*2.*pi./60).22).*r_1.*cos(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-
sin(theta).22).10.5)).A2).*x3.*((r_1./x3).*(((x3./r_1).72-sin(theta).?2).7(1/2)))-
((1./(x3.*((r_1./x3).*(((x3./r_1).~2-sin(theta).~2).~(1/2))))).*(((N.*2.*pi./60).A2).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-sin(theta).?2).70.5)).A2).*x3.*(-(r_1.*sin(theta)./x3)))).*x3.*(-
(r_1.*sin(theta)./x3))))+(6064925.*D2.*pi./4))).*x3.*(-(r_1.*sin(theta)./x3)))./(x3.*((r_1./x3).*(((x3./r_1).A2-
sin(theta).”2).A(1/2))))))./(pi.*x1.22-pi.*x2.72)-(pi.~2).*113800000000.*(pi/4).*(x1.74-x2.74)./(x3.72);



Minimum Torque

g2=150—((cos(pi/2—theta).*((M_c.*((—r_1.*((N.*2.*pi./60)."2).*cos(theta)—((—(N.*2.*pi./60).*cos(theta)./(((x3./r_1)."2—

sin(theta).”2).20.5)).22).*%(x3./2).*((r_1./x3).*(((x3./r_1).~2-sin(theta).?2).7(1/2)))-
((1./(x3.*((r_12./x3).*(((x3./r_1).~2-sin(theta).”2).A(1/2))))).*(((N.*2.*pi./60).72).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_ 1).72-sin(theta)."2)."0.5)).A2).*x3.*(-(r_ 1.*sin(theta)./x3)))).*(x3./2).*(-
(r_1.*sin(theta)./x3))))-(-(((pi.*x1.A2-pi.*x2.22).*x3.*¥4400).*(((-(N.*2.*pi./60).~2).*r_1.*cos(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-sin(theta).A2).70.5)).A2).*x3.*((r_1./x3).*(((x3./r_1).A2-
sin(theta).”2).2(1/2)))-((1./(x3.*((r_1./x3). *(((x3 [r_1).72-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).22).*r_1.*sin(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-
sin(theta).22).20.5)).A2).¥x3.*(-(r_1.*sin(theta)./x3)))).*x3.*(-
(r_1.*sin(theta)./x3))))+(6064925.¥D"2.*pi./4)))))+sin(pi/2-theta). *((M_c.*((-
r_1.*((N.*2.*pi./60).72).*sin(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-
sin(theta).22).70.5)).A2).*(x3./2).*(-(r_1. *sm(theta) /x3))+((1./(x3.*((r_1./x3). *(((x3 [r_1)./2-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).22).*r_1.*sin(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).2-
sin(theta).?2).70.5)).A2).*x3.*(-(r_1.*sin(theta)./x3)))).*(x3./2).*((r_1./x3).*(((x3./r_1).72-
sin(theta).”2).A(1/2)))-(((M_c.*((-r_1.*((N.*2.*pi./60).22).*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).~2-sin(theta).*2).~0.5)).72).*(x3./2).*(-
(r_1.*sin(theta)./x3))+((1./(x3.*((r_1./x3).*(((x3./r_1).”2-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).22).*r_1.*sin(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-
sin(theta).22).70.5)).A2).*x3.*(-(r_1.*sin(theta)./x3)))).*(x3./2).*((r_1./x3).*(((x3./r_1).72-
sin(theta).”2).7(1/2))))). *(x3 /2).*((r_1./x3).*(((x3./r_ 1) A2-sin(theta).?2).7(1/2)))-M_c.*((-
r_1.*((N.*2.*pi./60).22).*cos(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-
sin(theta).?2).70.5)).A2).*(x3./2).*((r_1./x3).*(((x3./r_1).72-sin(theta).?2). "(1/2)))
((1./(x3.*((r_12./x3).*(((x3./r_1).~2-sin(theta).~2).A(1/2))))).*(((N.*2.*pi./60).A2).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).72-sin(theta).A2).70.5)).72).*x3.*(-(r_1.*sin{theta)./x3)))).*(x3./2).*(-
(r_1.*sin(theta)./x3)))).*(x3./2).*(-(r_1.*sin(theta)./x3))+lIzz.*((1./(x3.*((r_1./x3).*(((x3./r_1).A2-
sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).72).*r 1.*sin(theta)—((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1)."2-
sin(theta).”2).70. 5)) A2).*x3.*(-(r_1.*sin(theta)./x3))))+(-(((pi.*x1.A2-pi.*x2.72).¥x3.¥4400).*(((-
(N.*2.*pi./60).22).*r_1.*cos(theta)-((-(N.*2.*pi./60).*cos(theta)./(((x3./r_1).2-
sin(theta).22).70.5)).A2).*x3.*((r_1./x3).*(((x3./r_1).72-sin(theta).?2).7(1/2)))-
((1./(x3.*((r_2./x3).*(((x3./r_1).A2-sin(theta).”2).2(1/2))))).*(((N.*2.*pi./60).72).*r_1.*sin(theta)-((-
(N.*2.*pi./60).*cos(theta)./(((x3./r_1).A2-sin(theta).?2).20.5)).72).*x3.*(-(r_1.*sin(theta)./x3)))).*x3.*(-
(r_1.*sin(theta)./x3))))+(6064925.¥D"2.*pi./4))).*x3.*(-(r_1.*sin(theta)./x3)))./(x3.*((r_1./x3).*(((x3./r_1).A2-
sin(theta).~2).~(1/2))))))))-*r_1;



Fatigue strength by Fluctuaing Stress

e

Conrod length/Crank radius Recommendation 1

g4=r,-5r, <0

Conrod length/Crank radius Recommendation 2
g;=3r,-r, <0

Cross section restriction by Piston diameter(Z=Jt)

g, = R, —0.5Bore
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g1(buckling) & g6(Cross section) are active!

Modify the Constraint

: Minimum Torque

: Fatigue Strength
: Conrod length 1
: Conrod length 2
: Buckling

: Cross section Restriction
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Function Value

Genetic Algorithm : Generation 80
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Cross sectional area ()

Minimurm weight Cannecting rod

g5
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Connecting rod length (m)
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f = pAr,
= (4400)(0.00084278)(0.1455)
=0.53954[kg]
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