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2. Data and Information Collection

Top portion of tension
spring shown as a free
body in equilibrium

Tension spring




2. Data and Information Collection

® ASTM 229 wire

G = 79GPa

Toiow = 0-45S, = 0.45x 225ksi
=0.45x225%x6.89MPa

- 697.613MPa

= 0.5S, = 0.5x 225Ksi
— 0.5x 225x6.89MPa
=775.125MPa

O-al low




2. Data and Information Collection
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3. Identification of Design Variables

ATl 7|2 Y

D : mean coll diameter

d : wire diameter

L : Length ofispring
(E-Sl:m)

Topportio(r?)oftension N : Number Of Sprlng (7H)

spring shown as a free
body in equilibrium

(c)
Tension spring
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4. Identification of a Criterion to be Optimized

® Cost function
E-d Bh 2zt =z & £ A=)
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5. ldentification of Constraints
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6. Simplified Solution

Matlab Solver
| YHEY solveZ DIZhA ol ko5 O MRS 2=C}
2 - (0] -solve( B P+tlUD+9 u;’2[l1+D+ll+D B/3) /00, 4+225+p1+6, 89 10°6)/3))*(1/3)")

fﬂﬂ 1S 99 2108 O (F SREALS 7l
- ((pl“Z)/d)*D*d*U.E

d=0.0014m= = 3.128*10/(-6)
1.4 mm mA3
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/. Solve by Excel & Matlab

Excel

0.005826126 (m)
0.001942042 (m)
0.1 (m)
50 (7H)

fx1x2x3x4) | 0000139588 (m?)
3

0>=0
-0.07550217 <=0

-477147339.2 <=0
-486999275.9 <=0
-7.07805E-07 <=0
0101<=,<=0.3
-473074113.1 <=0 = M2 M RUEAS

=

0.003884084




/. Solve by Excel & Matlab

® Excel
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/. Solve by Excel & Matlab

fmincon fminimax

*1(D) 0.0107 (m) x1(D) 0.0107 (m)
x2(d) 0.0036 (m) x2(d) 0.0036 (m)

_ o - . x3(L) 0.1 (m) x3(L) 0.1661 (m)
et i e s =S4 s i o | - 20 O . 20 O1)

x2=x(2)
x3=x(3)

oty f(x1,x2,x3,x4)| 1.89E-04 (m?) f(x1,x2,x3x4) 3.15E-04 (m?)

fun = ((pir2ax1T2H3 " D = 77512571076
T = 637613*10%6
if nargout > 1 Su = 225*E.EFHI0E;
Grad(11) = {{pi*2)a)=ex3=d G = 7304,
Grad(2.1) = {({pit2ya) I3 ned;
Grad(3.1) = ({pi*2)a) =12 Ineq_s fminimax
Grad(4.1) = ({pi*2Wa) 12 3
end

fmincon

object functi function f = oby_fun2x) constraint: function [Ineg_cons. Eq_cons, Grad_ineq, Grad_sgl=con_fun2{x:
x1=x{1) x1=x{1)
2 =x(2} d=x(2)
x3=x(3% x3=x(3)
s =x[4) =)

= ([pit 24X 123" D = 775.125*10%6;
T = 657.613*10"&:
Su = 225*6BFLONE:
G = THIONS:

Ineg_cons(l) = 3-xl/x2;

Ineq_cons(2) = B*SB07x1* 313/ (42 5*G) - 0.1/13;

Ineq_cons(3) = (16*580% 1/ (ed* 2 34/ (x1-%2)) - Orls;

Ineq_cons(4) = 1073B0"1/(x4*p"x243) - T/L13:

Ineq_cons(5) = (E*0B0ML/{nd*pited » 3151+ 0.5 5l) - (0451 350
Ineg_cons{6) = 0.1 - x3;

Ineq_cons(7) = x3 - 0.3;

Ineg_cons(8) = (8°B807x1/pedpi =24 3)) - C4375w/1.3;

Ineg_cons(8) = x2 - x1;

Eg_cons = [[;

if nargout > 2
Grad_ineq(11) = -1/x2;
Grad_ineg(2.1) = x1/x22)
Grad_ineg(3.1) = O;

Grad_ineq4.1) = O




/. Solve by Excel & Matlab

f(x1,x2,%3,x4)

fmincon
0.0107 (m)
0.0036 (m)
01 (m)
20 (7H)
fixd,x2,x3,x4)| 1.89E-04 (m?)

0.005826126 (m)

0.001942042 (m)
0.1 (m)
50 (7H)

0.000139588 (m7)

fminimax
0.0107 (m)
0.0036 (m)
0.1661 (m)

D : 5.82mm
d:1.94mm

L: 10 cm

N : 50 7

f :1.396*10"-4



0.004 36067 (m)
0.001453556 (m)
0.2 {m)

20 (7l

1.37594E-06 ==0
-0.08731794 ==0

-243610316.1 <=0
-476148497.6 <=0

188673187.2 <=0
0.201l<=,<=03

-489435898.1 <=0

0.002907114
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