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34.2 TEMAL R

34.2.1 BER T (Welded-beam design)
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[h; l) tl b] = [xll x2lx3lx4-]

Min. 1.10471x?x, + 0.04811x3%,(14.0 + x,)
(T(X) = Tipax < 0

0(X) = Omax < 0

X —%x4 =0

S.t40.10471x2 + 0.04811x5x,(14.0 + x,) — 5.0 < 0
0.125—-x, <0

60— 0max <0

\p —pc(x) <0

y
=
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x2x$
_6PL o APD _ 4013E =35 o, % |E
o) = x3x,’ () = Ex3x,’ pe(x) = L? 2L 4G

P =6000,L = 14,E =3E 4+ 7,G = 1.2E + 7, Tyay = 13600, Gpgy = 30000, 8,4, = 0.25
01<x <2,01<x,x<10,01<x,<2

AR

Parameter x(4);
LowBound =[0.1,0.1,0.1,0.1];
UpBound =[2.0,10,10,2.0];
Constant P=6000,L=14,E=3e+7,G=1.2e+7,t_max=13600,s_max=30000,d_max=0.25;
ConstStr m = p*(1+x2/2),
r = sqrt(x2°2/4+((x1+x3)/2)"2),
J = 2%(sqrt(2)*x1*x2*(x272/12+((x1+x3)/2)"2)),
p_c = (4.013*e*sqrt(x3"2*x4"6/36))/1"2*(1-x3/(2*1) *sqrt(e/(4*Q))),
t1 = p/(sqrt(2)*x1*x2), t2 = m*r/j,
t = sqri(t1r2+2*t1*t2*x2/(2*r)+t2/2),
S = 6*p*/(x3"2*x4),
d = 4*p*I"3/(e*x3"3*x4);
MinFunction 1.10471*x1/2*x2+0.04811*x3*x4*(14.0+x2);
t-t_max<=0;
S-S_max<=0;
X1-x4<=0;
0.10471*x1"2+0.04811*x3*x4*(14.0+x2)-5.0<=0;
0.125-x1<=0;
d-d_max<=0;
P-P_c<=0;

+
&

Objective Function (Min.): 1.72485230859741
x1: 0.205729639786082

x2: 3.47048866562805

x3: 9.03662391035747

x4: 0.205729639786087

Constrained Functions:

1: ((sqrt(((6000/(sqrt(2)*x1*x2)))"2+((6000/(sqrt(2)*x1*x2)))*((((6000*(14+x2/2)))*((sqrt(0.25*(x2"2+(x1+
X3) 2NN/ ((2*(sqrt(2)*x1*x2*(x2°2/12+0.25*(x1+x3)"2)))))) *x2/((sqrt(0.25*(x2"2+(x1+x3)"2))))+((((6000*
(14+x2/2)))*((sqrt(0.25*(x2/2+(x1+x3)"2))))/ ((2*(sqrt(2) *x1*x2*(x2"2/12+0.25*(x1+x3)"2))))))"2)))-13600-
0 =-1.16415321826935E-10

2: ((6*6000*14/(x4*x3"2)))-30000-0 = -5.0931703299284E-11

3: x1-x4-0 = -5.49560397189452E-15

4: 0.10471*x172+0.04811*x3*x4*(14.0+x2)-5.0-0 = -3.43298378536221

5: 0.125-x1-0 = -0.0807296397860818

6: ((4*6000*14.3/(30000000*x4*x3"3)))-0.25-0 = -0.235540322584754

7: 6000-(((4.013*30000000/(6*14"2))*x3*x4"3*(1-0.25*x3*sqrt(30000000/12000000)/14)))-0 = -
6.12089934293181E-10
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34.2.2 AR EIE (Pressure vessel design problem )

Ji 3 as BT i) R 20 R TR AR 1) AUk 1 22 ML R 2 —, e A A — >k
Rk AN R, AT B bR S MO AP S RS, B ARLRAS L I A A
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K34.3 R v R
Min. 0.6224x,x3x, + 1.7781x,x% 4+ 3.1661x%x, + 19.84x7 x5

(—x; +0.0193x3 < 0
[ —x, + 0.00954x; < 0

L. 4
R (§> 7x3 + 1296000 < 0
X4 —240 <0

y
=

1-0.0625 < x1,x, < 99-0.0625,10 < x3,x, < 200
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EnhancedBound = 1;

Parameter x(2)=[0.0625,99*0.0625],x(3:4)=[10,200];

MinFunction 0.6224*x1*x3*x4+1.7781*x2*x3"2+3.1661*x1"2*x4+19.84*x1"2*X3;
-x1+0.0193*x3<=0;
-x2+0.00954*x3<=0;
-pi*x372*x4-(4/3)*pi*x3"3+1296000<=0;
x4-240<=0;

gL
Objective Function (Min.): 5885.33277361788
x1: 0.778168641375371
x2: 0.384649162628201
x3: 40.3196187241089
x4:199.999999999858

Constrained Functions:

1: -x1+0.0193*x3-0 = -6.86117829218347E-14
2: -x2+0.00954*x3-0 = -2.02060590481778E-13
3: -pi*x3"2*x4-(4/3)*pi*x373+1296000-0 = 0
4: x4-240-0 = -40.0000000001423
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34.2.3 JREAR T (Speed Reducer Design)
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Min. 0.7854x;x2(3.

KI34.5 ik a3 Be it R

3333x% + 14.9334x; — 43.0934) — 1.508x, (xZ + x2)

+ 7.4777(x3 + x3) + 0.7854(x4x2 + x5x2)

S.t.<

Hr:
26 <

27
—-1<0
X1X5X3
3975
> —1<0
X1 X5X5
1.93x3
f_1<0
XpX3Xg
1.93x3
> _1<0
XpX3X7
1 745x,
24169100 —-1<0
110x2 \/( XX3 )

1 745x
——5( %)2 +157.5106 — 1 < 0
85x7 XpX3
X2X3

—-1<0
40 -
5x
2_1<0
X1
X1
—-1<0
12x,
1.5x, + 1.9
——=1<0
X4
1.1x, + 1.9
—=1<0
\ Xy
X, £3.6,07<x, <0817 < x5 <28

7.3 < x4,%5 < 83,29 < x4 <3.9,5<x, <55

ARA:



Algorithm = DE2;
Parameter x1=[2.6,3.6],x2=[0.7,0.8],x3=[17,28],x4=[7.3,8.3],x5=[7.3,8.3],x6=[2.9,3.9],x7=[5.0,5.5];
MinFunction 0.7854*x1*x2/2*(3.3333*x3"2+14.9334*x3-43.0934)-
1.508*X1*(X62+XT2)+7 ATTT*(X673+X773)+0.7854*(X4*X6 2+X5*XT"2);
27/(x1*x272*x3)-1<=0;
397.5/(x1*x2/2*x3"2)-1<=0;
1.93*x4"3/(x2*x3*x6"4)-1<=0;
1.93*x5"3/(x2*x3*x7"4)-1<=0;
1/(110*x673)*sqrt((745*x4/(x2*x3))"2+16.9*1076)-1<=0;
1/(85*X73)*sqrt((745*X5/(x2*x3))*2+157.5*10"6)-1<=0;
X2*x3/40-1<=0;
5*x2/x1-1<=0;
x1/(12*x2)-1<=0;
(1.5*x6+1.9)/x4-1<=0;
(1.1*x7+1.9)/x5-1<=0;

P

Objective Function (Min.): 2994.47106622968
x1:3.5

x2:0.7

x3: 17

x4:7.3

x5: 7.71531991350076

x6: 3.35021466624566

X7: 5.28665446498091

Constrained Functions:

2 27/(x1*x272*x3)-1-0 = -0.0739152803978735

: 397.5/(x1*x2"2*x3"2)-1-0 = -0.197998527141949

- 1.93*x4"3/(x2*x3*x6"4)-1-0 = -0.499172248191644

1 1.93*x5"3/(x2*x3*x7"4)-1-0 = -0.904643904481127

: 1/(110*x6”73)*sqrt((745*x4/(x2*x3))"2+16.9*1076)-1-0 = -1.33615674080545E-10
- 1/(85*x7"\3)*sqrt((745*x5/(x2*x3))"2+157.5*10"6)-1-0 = -3.33066907387547E-16
: X2*x3/40-1-0 = -0.7025

1 5*x2/x1-1-0=0

: x1/(12*x2)-1-0 = -0.583333333333333

10: (1.5*x6+1.9)/x4-1-0 = -0.0513257535111654

11: (1.1*x7+1.9)/x5-1-0 = -2.62045940502276E-10
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34.2.4 EY53 AT (Compression Spring Design Problem)

JEAR TR TE I H AR TR 2 — B AR EM T i MU i =, P& R/ NEE. 891
N PRGANR LK AME IR B AN AR LR, 95 BT EARD(X2). % 4 8 22 ELARd(x
1) DU B P (x3), tn34. 7R, HECFHEAFEAW T .
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—

D=X2

>
P=X3
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Min. (x5 +2)-x, - x?

_ ﬂ <0
71785x!
4x2 — x,%, 1

12566(x,x3 — x¥) ' 5180x2 1

_ 14045x, _

S.t.

xX2x3
Xy + Xq
1.5

HrA: 005<2,025<x,<13,2<x3<15

(MTR
Parameter x1=[0.05,2.00],x2=[0.25,1.30],x3=[2.00,15.00];
MinFunction (x3+2)*x2*x1"2;
1-x273*x3/(71785*x1"4)<=0;
(4*x212-x1*x2)/(12566*(x2*x1"3-x1"4))+1/(5180*x1"2)-1<=0;
1-140.45*x1/(x2"2*x3)<=0;
(x2+x1)/1.5-1<=0;

-1<0

+
&

Objective Function (Min.): 0.0126404011527912
x1: 0.0516337029570958

x2: 0.355838581129894

x3: 11.3242041742198

Constrained Functions:

1: 1-x273*x3/(71785*x1"4)-0 = -5.90860693705508E-13

2: (4*x212-x1*x2)/(12566*(x2*x1"3-x1"4))+1/(5180*x1"2)-1-0 = 0
3: 1-140.45*x1/(x2"2*x3)-0 = -4.05756248102787

4: (x2+x1)/1.5-1-0 = -0.728351810608673




Min. Value

K134.8 [k 4a 5 5k it v H A pR 2 2 Hiox2 Sox3AE 1 = 4k

34.2.5 =AFHrER¥% i (Three-bar truss design problem)

SAFMIAL T TR AR, L H FR A SR S AR B A T A L=A3=x1 f1A2=x2 1§
FRENT ARG AR I, I RE RN ) (o) IR, an R EpTEs, HArA AR R iR b

e

K34.9 —AFHrEt it i) Eis =
[A41,Az] = [x1,x5]

Min. (2\/§x1 + xz)H



( \/le + Xy

———P—-0<0
V2x,2 + 2x,%,
X2
s.t{———P—-0<0
\/§x12+2x1x2
1
———P—-0<0
x1+\/§x2
HA: 0<x,x, <1,H=100,P=2,0 =2

A

Constant H=100,P=2,c=2;

Parameter x(2)=[0,1];

MinFunction (2*sqrt(2)*x1 + x2)*H;
(sqrt(2)*x1+x2)/(sqrt(2)*x1**2 + 2*x1*x2)*P-C<=0;
X2/(sqrt(2)*x1**2 + 2*x1*x2)*P-C<=0;
1/(x1+sqrt(2)*x2)*P-C<=0;

+
45

Objective Function (Min.): 263.895843376468
x1: 0.788675140591979
x2: 0.408248273501316

Constrained Functions:

1: (sqrt(2)*x1+x2)/(sqrt(2)*x172 + 2*x1*x2)*2-2-0 = -2.22044604925031E-16
2: x2/(sqrt(2)*x1°2 + 2*x1*x2)*2-2-0 = -1.46410163442098

3: 1/(x1+sgrt(2)*x2)*2-2-0 = -0.535898365579015
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KI34.10 =HFFMrE2 et ) H b R B 25k o x2A48 A = 4E &
34.2.6 AL BER T HE (Five stage cantilever beam design)
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Min. Z(blhlll)

=1

6Pl
b5h§ — Omax <0
6P(ls + 1)
Thi_ Omax
6P(ls+ 1, +13)
T - O'max S O
3

6P(ls + 1y + 15+ 1)

b2h2 — Omax <0

2
6P(ls+ 1, +13+1,+ 1)
bih?

<0

— Omax <0

hs
s.t.4—=2—-20<
bs =0

PL? (244 148 76 28 4

- + + + + -4 <0
3E \byh3  byh3 | byhd | buh3 bsh§> e

H: =1, =13 =1, = ls = 100,040 = 14000, 5ppgy = 2.7,P = 50000,E = 2 - 10"7
(AT

Algorithm = DE2;
Constant P=50000,E=2*10"7,
Constant [L1,L2,L.3,L.4,L5,LL]=100;
Parameter b1=[1,5],b(2:3)=[2.4,3.1],b(4:5)=[1,5],h1=[30,60],h(2:3)=[45,60],h(4:5)=[30,60];
MinFunction Sum(i=1:5)(b[i]*h[i]*L[i]);
6*P*L5/(b5*h5"2)-14000<=0;
6*P*(L5+L4)/(b4*h4"2)-14000<=0;
6*P*(L5+L4+L3)/(b3*h3"2)-14000<=0;
6*P*(L5+L4+L3+L2)/(h2*h272)-14000<=0;
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6*P*(L5+L4+L3+L2+L1)/(b1*h1"2)-14000<=0;

h5/b5-20<=0;

h4/b4-20<=0;

h3/b3-20<=0;

h2/b2-20<=0;

h1/b1-20<=0;
P*LLAN3/(3*E)*(244/(b1*h1"3)+148/(b2*h2"3)+76/(h3*h3/3)+28/(h4*h4"3)+4/(h5*h5"3))-

2.7<=0;

+
45

Objective Function (Min.): 61914.7890088845
b1: 2.99204240294288
b2: 2.77756612143912
b3: 2.52358629860996
b4: 2.20455569154185
b5: 1.74975701193801
h1: 59.8408480588575
h2: 55.5513224287824
h3: 50.4717259721992
h4: 44.0911138308369
h5: 34.9951402387601

Constrained Functions:

1: 6*50000*100/(b5*h5"2)-14000-0 = -1.81898940354586E-12
2: 6*50000*(100+100)/(b4*h42)-14000-0 = -1.2732925824821E-11

3: 6*50000*(100+100+100)/(b3*3"2)-14000-0 = 0

4: 6*50000*(100+100+100+100)/(b2*h2"2)-14000-0 = -1.81898940354586E-12
5: 6*50000*(100+100+100+100+100)/(b1*h172)-14000-0 = 0

6: h5/b5-20-0 = -4.61852778244065E-14

7: h4/b4-20-0 = 0

8: h3/b3-20-0 = -1.4210854715202E-14

9: h2/b2-20-0 = 0

10: h1/b1-20-0 = -7.105427357601E-15
11: 50000*100/3/(3*20000000)*(244/(b1*h1/3)+148/(b2*h273)+76/(b3*h3"3)+28/(b4*n4"3)+4/(b5*h5"3))
-2.7-0 = -1.76071500002789

Sensitivity Analysis(%)

K34.12 HEE RIS E R BE S EE
34.2.7 =P BEHT (Three stage heat exchanger design)

WNF34.1378, X =R RS AT RO LT, L BN R R MR IR AT,
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ZI A )\ SN I AE LR (EADAENELRM =N EENE ), HACA
RARERUNT -
T T, T T’

Stage 3

L
o
L

Stage | Sta
A

A3

2=

lys by 2 l21 3, tyy

K134.13 = iRER BT i) R =
[A1, Az, A3, Ty, Ty, th, taq, ta1] = [Xq, X2, X3, X4, X5, X6, X7, Xg]

Min. x; +x, + x3
(X4+x6—t11—T0S0
x5+x7—t21—x430
t3+x8—t31—X5SO

X +ﬂxT—T ——1xx <0
s.t.{ ¥ T X1lo 0=, ¥1%e =

x+U2xx X Zxx <0
5T XpXg — X4~ XpX7 =
w w

T+Exx—x — 2 xxg <0
3T, X3%s 57, 3%8 S

/E;EF': TO = 100, T3 = SOO,W = 105, t11 = 300, t21 = 4‘00, t31 = 600, Ul = 120, Uz = 80, U3 =
40

AP

Algorithm = DE1;

Constant T0=100,T3=500,w=10"5,t11=300,t21=400,t31=600,U1=120,U2=80,U3=40;

Parameter x(8)>0;

MinFunction x1+x2+x3;
X4+x6-t11-T0<=0;
X5+X7-t21-x4<=0;
T3+x8-t31-x5<=0;
x4+U1/w*x1*t0-TO-UL/w*x1*x6<=0;
X5+U2/W*x2*x4-x4-U2/w*x2*x7<=0;
T3+U3/w*x3*x5-x5-U3/w*x3*x8<=0;

4

Objective Function (Min.): 7049.24927247623
x1: 579.306727517072

x2: 1359.97146450105

x3:5109.9710804581

x4:182.01759861862

x5: 295.601156781679

x6: 217.98240138138

X7: 286.41644183694

x8: 395.601156781678

Constrained Functions:

: X4+x6-300-100-0 = -5.6843418860808E-14

: X6+X7-400-x4-0 = -1.4210854715202E-12

: 500+x8-600-x5-0 = -1.36424205265939E-12

1 X4+120/100000*x1*100-100-120/100000*x1*x6-0 = -2.78532752417959E-12
: X5+80/100000*x2*x4-x4-80/100000*x2*x7-0 = -8.92441676114686E-12

: 500+40/100000*x3*x5-x5-40/100000*x3*x8-0 = 0

DO WN -

12



KI34.14 = i s Beit il R H A bR BB 2 2 Soxd 2t = 4E K]
34.2.8 IRZEMIRE TR (Car side impact design problem)

VAT A BT DR LA T HHO N S B A3 F T H B ), X9OMSHEIEB
HEAB R FE(XL) s BREINZRAE (x2) AR AR (x3), BEZE(x4). [154(x5). [ Znasft
(x6)s FETRHZ(x7), BHENMI(x8)s HUARPIMI(x9). 474 =i (x10 )RR HE A7 B (x11 ), SH K
34.15, HAUARBEGAT

Barrier

K(34.15 Y4 MIAE BT i s = A

Min. 1.98 + 4.90x; + 6.67x, + 6.98x5 + 4.01x, + 1.78xs + 2.73x;
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1.16 — 0.3717x5x4 — 0.00931x,x19 — 0.484x3x9 + 0.01343x5x19 < 1
46.36 —9.9x, — 12.9x;x5 + 0.1107x3x,5 < 32
33.86 + 2.95x5 + 0.1792x,5 — 5.057x,x, — 11.0x,xg —
0.0215x5x19 — 9.98x,xg + 22.0xgx9 < 32
28.98 + 3.818x3 — 4.2x,x, + 0.0207x5x,¢ + 6.63x5x9 —
7.7x7xg + 0.32x9x19 < 32
0.261 — 0.0159x;x, — 0.188x;x5 — 0.019x,x, + 0.0144 - x3x5 +
0.0008757x5x19 + 0.08045x4x9 + 0.00139xgx1; +
0.00001575x19x1; < 0.32
0.214 4+ 0.00817x5 — 0.131x,xg — 0.0704x,x9 + 0.03099x, x4 —
St 9 0.018x,x5 + 0.0208x3xg + 0.121x3x9 — 0.00364x5x¢ +
0.0007715x5x19 — 0.0005354x¢x,, + 0.00121xgx,; < 0.32
0.74 — 0.061x, — 0.163x3xg + 0.001232x3x,5 — 0.166x,x4
+0.227x3 < 0.32
4.72 — 0.5x4 — 0.19x,x3 — 0.0122x,x1¢ + 0.009325x¢x4,

+0.000191x%, < 4

10.58 — 0.674x;x, — 1.95x,xg + 0.02054x3x,5 — 0.0198x,x4,
+0.028x4x,0 < 9.9

16.45 — 0.489x3x; — 0.843x5x¢ + 0.0432x9x,5 — 0.0556x9%;
—0.000786x%, < 15.7

HA: 05<x .0, <150 < xg,x9 < 1,-30 < x1¢, %11 < 30

AR

Algorithm = DE2;

Parameter x(7)=[0.5,1.5], x(8:9)=[0,1],x(10:11)=[-30,30];

MinFunction 1.98+4.90*x1+6.67*x2+6.98*x3+4.01*x4+1.78*x5+2.73*X7;
1.16-0.3717*x2*x4-0.00931*x2*x10-0.484*x3*x9+0.01343*x6*x10<=1;
46.36-9.9*x2-12.9*x1*x8+0.1107*x3*x10<=32;
33.86+2.95*x3+0.1792*x10-5.057*x1*x2-11.0*x2*x8-0.0215*x5*x10-

9.98*x7*x8+22.0*x8*x9<=32;
28.98+3.818*x3-4.2*x1*x2+0.0207*x5*x10+6.63*x6*X9-7.7*x7*x8+0.32*x9*x10<=32;
0.261-0.0159*x1*x2-0.188*x1*x8-

0.019*x2*x7+0.0144*x3*x5+0.0008757*x5*x10+0.08045*x6*x9+0.00139*x8*x11+0.00001575*x10*x11<=0

.32;
0.214+0.00817*x5-0.131*x1*x8-0.0704*x1*x9+0.03099*x2*x6-

0.018*x2*x7+0.0208*x3*x8+0.121*x3*x9-0.00364*x5*x6+0.0007715*x5*x10-

0.0005354*x6*x10+0.00121*x8*x11<=0.32;
0.74-0.061*x2-0.163*x3*x8+0.001232*x3*x10-0.166*x7*x9+0.227*x2"2<=0.32;
4.72-0.5*x4-0.19*x2*x3-0.0122*x4*x10+0.009325*x6*x10+0.000191*x11"2<=4;
10.58-0.674*x1*x2-1.95*x2*x8+0.02054*x3*x10-0.0198*x4*x10+0.028*x6*x10<=9.9;
16.45-0.489*x3*x7-0.843*x5*x6+0.0432*x9*x10-0.0556*x9*x11-0.000786*x11"2<=15.7;

+
4h

Objective Function (Min.): 25.7423722959119
x1: 0.500000000000416

x2: 0.500002016807817
x3:1.03031211611582

x4: 1.44657862177387

x5: 0.500000000000041

x6: 1.4999999999991
X7:15

x8: 0.999999999999956

x9: 0.976825867328526
x10: -27.6361682361755
x11: -1.28274767484969E-5

14



Sensitivity Anahysis(%)

g

]

o)

Senalivity Percentage(™) - Wi Value]
n
"

134167 4= MIRIE e T [ 2 HUR B 7 Ao

34.2.9 TFZ4AL BTt 6] 8 (Optimal Design of I-Shaped Beam)

TR BT 1) 8, o H b 2R BLE36  TBE T A A T AR N, 29 R R,
TP g E B MU B AR B [ &ExX = (x1,x2,x3,x4) = (h,b,tw,tf), BAR Rk an
T

P =5600 KN

= ik 5200 om

K34.17 L@ttt in @
[h, b, t,, tf] = [xq, x5, X3, X4]

i 5000
in.
x3( — 2x4)3 | X3 X1 — X4)\?
7 et 2o (B )
2x,%3 + x5(x; — 2x,) < 300
s.t. 18x,10* 15x,103

+ <56
x5 (31 — 2%4)3 + 2x523(4x2 + 32, (x; — 2x)) (31 — 2x)X5 + 2x3%5

Hr: 10<x, 50,10 <x, 80,09 < x3,x, <5

(AT

Algorithm = DE2;

Parameter x1=[10,80], x2=[10,50], x(3:4)=[0.9,5];

MinFunction 5000/(x3*(x1-2*x4)"3/12+(x2*x4"3/6)+2*x2*x4*((x1-x4)/2)"2);
2*x2*x3+x3*(x1-2*x4)<=300;
18*x1*107M/(x3*(X1-2*x4)"3+2*x2*X3*(4*x4"2+3*Xx1*(x1-2*x4)))+15*x2*10"3/((x1-

2*x4)*x3"2+2*x3*x2"3)<=56;

15



“h
Objective Function (Min.): 0.00662595816551903
x1: 80
x2: 50

x3: 1.76470588235294
X4:5

Constrained Functions:

1: 2*x2*x3+x3*(x1-2*x4)-(300) = -1.13686837721616E-13

2: 18*X1*10M/(X3*(X1-2*X4)N3+2*X2*X3*(4*XAN2+3*X 1 *(X1-2*X4))) +15*x2*10"3/((x1-
2*x4)*x3"2+2*x3*x2"3)-(56) = -50.2870668355151

34.2.10 BT (Tubular Column Design)

Z I R H AR i f N AR SR AR — N S RE R, i W] LUK %2 P=2500 kgfff) /&
AT o VIS AR AR BETE[2, 14]F0[0.2,0. 8] FFIVE Bl ]9 284K o F:ZH UM RL IR RFAE S 50 -
JE RN /7 0 = 500 kgficm?2, SHPERSEE = 0.85x10° kgf/em2F1% & o = 0.0025 kgficm 3. %
THIKELAN250 cm, [ExX = (x1,x2) = (d,t), HeAmBigiidan .

P

E;\ :\\;\ ; E:\

K34.18 Bt n) e = K
Min. 9.8x1x, + 2x4

P

(

| -1<0

4nx1x20
s.t.

|

8PL?
\n3Ex1x2 (x% + x2)

Hrr: 2<x,<14,02<x, <08, P=2500, 0 =500,E = 0.85E + 6,L = 250

<0

16



(AW ET
Constant P=2500,Sigma=500, E=0.85E+6, L=250;
Parameter x1=[2,14],x2=[0.2,0.8];
MinFunction 9.8*x1*x2+2*x1;
P/(pi*x1*x2*Sigma)-1<=0;
8*P*LN2/(piN3*E*x1*x2*(x1"2+x2/\2))-1<=0;

R
Objective Function (Min.): 26.4994968915155

x1: 5.45115623425486
x2:0.291965477143678

Constrained Functions:
1: 2500/(pi*x1*x2*500)-1-0 = 0
2: 8*2500*250"2/(pi~3*850000*x1*x2*(x1"2+x2"2))-1-0 = -3.33066907387547E-16

Min. “alue

K34.19 AT A H bR ek 2 E S Hx1 S x278 b = 4 &

34.2.11 YEZEMRALIRIE (Piston Lever Problem)

2 ) R B 2 B B S ZE AT AN0° $R T E45° I I B AR 2 B AR I A R v ZE AT
A (x1) , B (x2) , D (X3)FIH (x4). % i) i 8es A R R o

17



K(34.20 W5 ZEAFILAL I R = A
[HIBIXID] = [xlleJx3Jx4]

1
Min. anf(Lz - L)

(QLcos(8) —RF <0
I QL —x3) —Mpgx <0

X4
7 —Xx; < 0
/\l:l:‘:
R = |—x3(x3sin(9) +x) + xl(xz - x3cos(9))|
(3 — x2)% + x7
_ mPx}
T4
Ly = ’(x3 —x3)% 4 xf
L, = \/(x3sin(9) + x1)?% + (x, — x3c0s(6))?
6 =457/180,Q = 10000, L = 240, Mmax = 1.8 x 10”6, P = 1500
0.05 < x4, %5, %, < 500,0.05 < x5 < 120
A0

Constant theta=45*pi/180,Q=10000,L=240,Mmax=1.8*10"6,P=1500;

ConstStr R=abs(-x3*(x3*sin(theta)+x1)+x1*(x2-x3*cos(theta)))/sqrt((x3-x2)"2+x1"2),
F=pi*P*x4"2/4,
L1=sqrt((x3-x2)"2+x1"2),
L2=sqrt((x3*sin(theta)+x1)"2+(x2-x3*cos(theta))"2);

Parameter x(4);

Algorithm = SM2;

18



UpBound = [500,500,120,500];

LowBound = [0.05,0.05,0.05,0.05];

MinFunction 1/4*pi*x4"2*(L2-L1);
Q*L*cos(theta)-R*F<=0;
Q*(L-x3)-Mmax<=0;
1.2*%(L2-L1)-L1<=0;
x4/2-x2<=0;

gL
Objective Function (Min.): 8.41269832310667
x1: 0.050000000000012
x2:2.04151358991813
x3: 120
x4: 4.08302717983623

Constrained Functions:

1: 10000*240*cos(0.785398163397448)-((abs(-x3*(x3*sin(0.785398163397448)+x1)+Xx1*(x2-
x3*c0s(0.785398163397448)))/

sqrt((x3-x2)"2+x12)))*((pi*1500*x4"2/4))-0 = -1.86264514923096E-9

2: 10000*(240-x3)-1800000-0 = -599999.999999996

3: 1.2*%(((sqrt((x3*sin(0.785398163397448)+x1)"2+(x2-x3*c0s(0.785398163397448))"2)))-((sqrt((x3-
Xx2)"2+x172))))-

((sqrt((x3-x2)"2+x1/2)))-0 = -117.18748323014

4: x4/2-x2-0 = -1.37667655053519E-14

301
Tl
604
50|

401

Min. Yalue

®1 x2 ®3 x4
Parameter

K134, 213% ZEFT AL [ 2 8 R U 7 s i

34.2.12 PR E L 2B E B (Reinforced concrete beam)

AR S 0 A9 R e 2 ()5 B O 30ft, I 7K 322000 Ibfff i £ 2 A1 1000 IbfifE A 4k, F 442
M) & . YR & PR R (0c) N5 ksi AN R IR B 77 (oy) 950 ksi. TR EE T RUACH
$0.02/in2/linear ft, 44k piA J9$1.0/in2/linear ft. Ay 1 fd S5 F A A e /MK, D6 2 2 AN
FTRAAS (X1) FEH 58D (x2) AR ZERIRFER (x3),  REMUR % LG RN/ T B EE T4, 1%
PRAR I R] LA IR G

19



3.0k ibf

h
v
30 ft
F134.22 X i Ve - 2 vt 1]
[Asr b: h] = [x1'x2lx3]
Min. 2.9x; + 0.6x,x3
X
Z2_4<0
X3
s.t. 7.375x2
180+ ———xx, <0
X3
Hr: 1<x,<28,28<x,<40,5<x3,x,<10

(W E

Parameter x1=[1,28],x2=[28,40],x3=[5,10];

MinFunction 2.9*x1+0.6*x2*x3;
X2/x3-4<=0;
180+7.375*x1"2/x3-x1*x2<=0;

+
4h

Objective Function (Min.): 149.190085217104
x1:10.8193202576482

X2: 28.0254713275768

x3: 7.0063678318942

Constrained Functions:
1: x2/x3-4-0=0
2:180+7.375*x172/x3-x1*x2-0 = 0

20



tulin. “Aalue

134, 23 A Tk it - B e v Il 7 A bR 5B 2 ik B x 338 A = 4 4]

34.2.13 FEAREEYLTHE B (Corrugated Bulkhead Design)

FE T AGBE BT 0] B H (102 44 2 i R 2R R T M B ) B S /M, HBr AR & N i
(X1). IRPE(X2)s KEXI)FRE (x4), %Ak ] EECABA AR .
/‘

Cormugated Bulkhead /\/

K134.24 RETE AR BE T ]

5.885x,(x; + x3)

x1 + /122 — x7|

in.

21



X
—xyx, (0.4, + 33) +8.94 (xl + /|x§ - x22|> <0

3
— 2 ﬁ 2 _ .2
(g ) (0.2x1 + 12) +22(894(x, + [Ix2—x2)) <0

—x4 + 0.0156x; + 0.15<0
—x4 +0.0156x3 + 0.15 <0
—x,+1.05<0

\—x3+x, <0

HAr: 0<xq,x,,x3<100,0<x, <5

AP
Parameter x(3)=[0,100],x4=[0,5];
MinFunction 5.885*x4*(x1+x3)/(x1+sqrt(abs(x3/2-x22)));
-x4*x2*(0.4*x1+x3/6)+8.94* (x1+sqrt(abs(x322-x2/2)))<=0;
-X4*x212*(0.2*x1+x3/12)+2.2*(8.94* (x1+sqrt(abs(x372-x22))))*(4/3)<=0;
-x4+0.0156*x1+0.15<=0;
-x4+0.0156*x3+0.15<=0;
-x4+1.05<=0;
-X3+x2<=0;

S5 R-1:
Objective Function (Min.): 6.84295801008077
x1: 57.6923076923077
x2: 34.1476203486744
x3: 57.6923076923077
x4: 1.05

Constrained Functions:

2 -x4*x2*(0.4*x1+x3/6)+8.94*(x1+sqrt(abs(x3"2-x2"2)))-0 = -240.694624799969

2 -X4*x272*(0.2*x1+x3/12)+2.2*(8.94*(x1+sqrt(abs(x3"2-x2"2))))"(4/3)-0 = -1.81898940354586E-11
: -x4+0.0156*x1+0.15-0 = -2.4980018054066E-16

1 -X4+0.0156*x3+0.15-0 = -5.82867087928207E-16

1 -xX4+1.05-0=0

: -x3+x2-0 = -23.5446873436332

DO WN -

GER-2:
Objective Function (Min.): 0
x1:0
X2: 1.57172778470263E-162
x3:0
x4: 2.52354302910367

Constrained Functions:

| -x4*x2*(0.4*x1+x3/6)+8.94*(x1+sqrt(abs(x3"2-x2/2)))-0 = 1.98714632203966E-161

| -XA*X212*(0.2*X1+Xx3/12)+2.2%(8.94*(x1 +sqrt(abs(x3"2-x2"2))))(4/3)-0 = 1.1841202562503E-214
: -x4+0.0156*x1+0.15-0 = -2.37354302910367

: -x4+0.0156*x3+0.15-0 = -2.37354302910367

1 -x4+1.05-0 = -1.47354302910367

1 -x3+x2-0 = 1.57172778470263E-162

DO WN -

0 R 1stOpUR A T AT 2 R AL AR, BOREE — AR BAT & S2hs, ENEL
R HRAEFTC IR, 756 I 2 B0 R 2 P 202k, 12080 B B B A
RS HXL. x2 AT R T BRI K T-45 10, Kz T IRHISOy— g KT 0 e i
1E-6, #hReiE % I EFEART & bR g .

22



hin. walue

K134 25 A B e 1 ] H A pR B8 2 B2 Jex 338 L = 4k

34.2.14 V5% & ¥ 1116 B (Design of Gear Train)

WS RACA BT 1) R HU T ARE I — AN TC 2R B SO A ue i i, H HAs 2 & hMb
WL, BiFe b SONS o il A T SO 2 L. AR ERA (x1) , B(x2), C
(XI)FID(XA) W i THAr i, HA AR

K34.26 e R EUs =

1 X3Xo z
o (-2
" \6.931 .
Hrf: 16 < xq, x5, x3, x4 < 60 HINEERL

(AW EF
Algorithm = SM2;
IntParameter x(4)=[12,60];
MinFunction (1/6.931-x3*x2/(x1*x4))"2;

g
Objective Function (Min.): 2.70085714888651E-12

x1: 49
x2: 16

23



x3: 19
x4: 43

Sensitivity Anahysis(%)

*2 2514 % ®1 24.89 %

K 34.27 ik R BT R RS HUR BUE S M

34.2.15 #AHIBIBAL T (Optimal Design of a Disc Brake)

BB BTT H AR e KPR B s il 2h 25 (K s AN I [R], 30 YA it 2
B RIRRBRNI A A2 SR WS DMBEEIAGE, 5NEA NP AERLR, B
S 115 N SN H P B0 £ N e SN B NI - S 23| PR A TN DB ey it B

/(I

Brake disc

Brake pad

Friction material

Back plate

K134.28 #if il 5 de s = A

4.9(x3 — x)(x, — 1)
100000

Min.

24



980000(x3 — x7
x3%, (5 — %]

20— (x;—x,) <0

25(xs+1)—-30<0

)332

%3 04<0
s.t.< n.(xzz_xlz) =
0.00222x,(x3 — x3
260 )|
(x5 — x1)?
0.0266x2x, (x3 — x3
900 — 3%4 (X3 — x7) <0

x5 — x?
JLH: 55 < x, < 80,75 < x, < 110,1000 < x5 < 3000,2 < x, < 20, -
ARh .

Parameter x1=[55,80],x2=[75,110],x3=[1000,3000],x4=[2,20];
MinFunction 4.9*(x242-x1/2)*(x4-1)/100000;
980000*(x242-x12)/(x3*x4*(x2/3-x143))<=32;
20-(x2-x1)<=0;
2.5%(x4+1)-30<=0;
x3/(pi*(x272-x1/2))-0.4<=0;
0.00222*x3*(x23-x13)/(x2/2-x12)A2-1<=0;
900-0.0266*x3*x4*(x2/3-x173)/(x2"2-x12)<=0;

g

Objective Function (Min.): 0.1274
x1:55

X2: 75

x3: 2180.97779620439

x4: 2

Constrained Functions:

1: 980000*(x2"2-x1"2)/(x3*x4*(x2"3-x1"3))-(32) = -29.7137312546048
2:20-(x2-x1)-0=0

3: 2.5%(x4+1)-30-0 = -22.5

4: x3/(pi*(x272-x1"2))-0.4-0 = -0.132989694584926

5: 0.00222*x3*(x2"3-x1"3)/(x2"2-x1"2)"2-1-0 = -0.817001121925282
6: 900-0.0266*x3*x4*(x2"3-x1"3)/(x2"2-x1"2)-0 = -10501.9841510338

hin. ‘alue

x4

25



€134.29 %% 2 Z 20 AL B 1 0 E b o B 2 xS xAZE Ak, = g ]
34.3 /Mg
R T 4 TARARAL 7, 1StOptalTT LA KA B AR AR, FEI T 378 & Bk
i o LA, 1StOPLISR ARAR A RS J L T R B B R (1) M i 3k — 3, AR 3 BRI 5 T- B8,

3 P (5075 15 B R ) ] 38 1 StOPUIIAE AR RO 36 2 B P T4 vl 1 251
F 2B .
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