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1. Project 1 L2 £&=A

S X 541
- 310| HSHS & WEH0| O HISHO| $3) WO 5f0{ XY SHA
(M= 17 271)

Eﬂf:ﬂ .fE—ZFLE,iHEZU F= fl
- J.ESIHT
k= Fmsﬁz i ;
-l '"’LE’LH?
F, = Fam— iji
White Oak

E=12GPa, p=690kg/m?, 1, =13.8MPa

f=1600N
factorof safety =5
length(1)=0.5m
Kee=0.418

dy =0.05m




- =M 83

1. Project 1 L}E =3d

variables : d, L, 8
minimize f=2pd L
! w Ed’
constraint g, : f fs———=0
4 Ltan— 3L
2
1 I K _Ed
T 2Ldtan
3 fl
3! — fs—1,; =0
s 8 Id f i
g: —L=0 gg: L—1=0
.Qﬁ:_8<0 ,(]'7:9_550
gg: —d=0 go: d—dy =0
L L
91¢ 20— E:’- 0 911 5*50 =

| B | c | D E [ F | & | H ] [ o T k ]
E 12000000000| M/m"~2
Kce 0.418[none
angle 1.047197551 [theta k=)
| 0.5 .
T IBDDan ai2) =2 ¢ ZHEHM) & BN © R |D =] |
rho 690[kg/m"3 IS HHE 4(B)
tau_allowable 13800000 [N/ m "2 " =7
factor of safety Slnone 1$D312:D$13 5l 2@ =80
HEE =20
design variables |initial value [final value %Egég é: %E%:]Zg N ZIHA)
d 0.01 0.013043335) = — Z SR
$C321 <=3E$21 2 E )
L 0.4 0. 380367891 %Eg%g E: %E%%% HZ(C) e
= /\FK D ==
[cost tunction | | $C324 <= $E524 =l 1Dy
[f 0.190603452]
constraint
a1 -98631496.27[ <= 0|
g2 6. 444 TEE-07[ <= 0|
g3 -2940041,437[ <= 0|
L) —0.380867831) <= 1]
g5 -0.119132109[ <= 0|
g6 -0.019043395/ <= 0|
a7 —0.030956605] <= 0|
g8 0] <= 0|
k] -30] <= 0|
Ol [[" H 'II.
Theta = 60 & =L

ooz

n.od

0me

0.018

ooz

o0z

0.024

Feasible area




2. Optimum Solution /25}7|(Excel Solver)

- Excel Solver 0|235}0{ £|=3} 8 Zi7}
M MAEOAM et =TS 0| =S}

m
o
L)
m
il
ol
T
[
oy
—

i 57 29 &3

E 12000000000| My m™2

Kce 0.418/nane = .
i 5.50m SESE: [ HE(E)

f 1600[N S0l mH: - e .
r e A FA: AW F HIAW CRZRW [T my |

tau_allowable 13800000 |M,/m ™2 ~ai= HHE H(E)
factor of safety Sjnone [4Dg12:50814 =] FHE(G) = HI0)

—HIER AL

design variables [initial value |final value

d 0.018] 0.017581634 %E%g? E: %Egg? - ZIHA g
L 0.38] 0.3616338ET] | |3=i50 o dEioe =0 ZI1EHR)
angle 1.047197551) 1, 265912467 $C23 <= $E$23 ==k —
$C424 <= $ESE4 AT (D) EEEH)
cost function | $C825 <= $E$5 j —
i 0.8
constraint
g1 -98692167.46[ <= 0
g2 1. 19209E-07| <= 0
g3 2. 5T045E-07| <= 0
g4 -0.351633887| <= I
35 -0, 148366113[ <= 0
gE -1.047197551 | <= 0
g7 —-0.52350887VE| {= 0
g8 -0 017581694 <= 0
g9 -0.032418306] <= 0
910 -2, 38d19E-08] <= 0
g11 -29,99555993| <= Il




2. Optimum Solution /25}7|(Excel Solver)

d 0.01a 0.0215 0019 0.018933979 0.018615408 0.01824021 0.01736363 0.017531654 0.017531694
L 0,38 0,43 038 0,379739572 0.372308154 0, 364804205 0, 357272601 0.351633887 0,351633887
theta 1.047¥1398533 1. 054511673 1.05451 1673 1.05451 1673 1. 107237256 1. 1625991119 1,220729075 1,26691373 1, 266312467
o} 4
f 0, 1833024 0, 274239155 0, 189309396 0, 18300301 0,178043752 0, 167493749 0157332422 0,15 0,15
a1 -93691485.99 —-93692051, 41 -98691522.17 98691521, 85 -986916598, 49 -98691871.89 -98692042, 39 -98692167.7 -98652167.46
g2 86102 29753 -38991 78, 406 —-19846. 57122 ~15. 20544843 -15.52292032 -15.88403793 -16. 29629682 -16. 64202855 1. 00583E-07
93 —-2865461,438 -E2534534, 785 2865461, 209 2848141, 157 -2173644, 263 -1441329,838 -643144. 211 1.52T37E-O7 2 TEET1E-07
g8 -0.019 -0.0215 -0.019 -0,018333973 -0,018615408 =0,01824021 -0.017363E3 -0.017531654 -0.017581634
g9 -0,031 -0, 0235 -0.031 -0,031010021 -0,031384592 -0,03175979 -0,03213637 -0,032418306 -0,032418306
310 1} 1.64534E-07 -2, 0904E-07 1} 0 -5 E434E-14 -5, E434E-14 0 -2, 38419E-08
311 -30 —30, 00000016 -29,99333973 -30 -30 -30 -3 -3 -23,93333338
60, 00006 B0, 41906823 B0, 41306523 E0, 41906823 B3, 4400217 EE,E1202279 £9,94262392 7253151397 7253144157
0023 045
ooez 044 -’"
043 72
ooz 042
ooz 041 "
d 0o L 04 7
omis 038
0017 038 o
037
06 036 &2
005 035 @
1 2 3 4 g 7 g 1 3 4 g & 7 a 2 3 3 & 7 a a
=5-1ES graxln EEL
_— _— —_— _—
A1 :d=1.76cm L=0.3516m theta =72.5 f=0.15kg




2. Optimum Solution F5}7|(Matlab)

- M file 7+ M

cost function

function f=cost(x)
f=2*690 * x(1)*2 * x(2);

constraint

function [c,ceql=constraint(x)
E=12 * 10"9; Kce = 0.418;

| = 0.5; force = 1600;
tau = 13.8 * 1076; fs = 5; do = 0.

05;

c(1)= (force * | * fs)/(4 * x(2) * tan(x(3)/2)) — (pi*2 * E* x(1)2)/(3*x(2)*2);
c(2)= (force * | * fs)/(4 * x(1)*2 * x(2) * tan(x(3)/2)) — (Kce * E * x(1)72)/(x(2)2);
c(3)= (3 * force * | * f8)/(8 * x(1)A2 * x(2)) - tau;

c(4)= -x(2);

c(5)= x(2) - I;

c(6)= -x(3);

c(7)= x(3) - (pi / 2);

c(8)= -x(1);

c(9)= x(1) - do;

c(10)= 20 - (x(2) / x(1));

c(11)= (x(2) / x(1)) - 50; ceq=Ll;



2. Optimum Solution F5}7|(Matlab)

- fmincon A2 Zin}

| Command Window
i 53 HpE L

3> [, fval,exitflag, output]=fmincon( cost ", =0,[1,[1,[1.[1.[1.[], constraint ")

Warning: Trust-region-reflective method does not currently solve this type of problem,

using active-set {line search) instead. d:O_
> In fmincon at 437

Optimization terminated: first-order optimality measure less L=0 35
.

than options.TolFun and maximum constraint wiolation is less

e theta = 1.2758 (& 73.1k)
f=0.15

0.0176 0.3518 1.2758 2I EEI‘-II‘ %O.Iﬂgm’
exitflag =1 2 B2= HOF Ol

fval =
NAZ{1101 9 OF A Ol
o 1eon THmd= 2 T M.
exitflag =
1
output =

iterations: 5

funcCount = 24

lssteplength: 1
stepsize: 1.5528e-007

algorithm: "medium—scale: S0P, Quasi-Wewton, |ine-search’

firstorderopt: 77, 0058:-007
constrviolation: —1.5944e-006
message: [1x144 char]




2. Optimum Solution F5}7|(Matlab)

- Genetic Algorithm A=A 1}

Solver: | ga - Genetic Algorithrm ﬂ
Prablern
Fitness function: |@cost

Murnber of variables: |3

Constraints:

Linear inequalities: iy | b |
Linear equalities: feq: | beq: |
Bounds: Lawer: | Upper: |

Nanlinear constraint function: [@constraint

Run solver and wiew results

™ Use random states from previous run

s |_roee |_m |

Current iteration: E

Clear Results

-

Optimization running,

Switching to hyhbrid function,

Optimization terminated,

Objective function value: 0,15

Optimization terminated: average change in the fitness value less than
options, TalFun

and constraint wiolation is less than options, TolCon,

FrAIMCOM: Optimization terminated: first-order optimality measure less
than options, TolFun and mazimum constraint violation is less

than options, TalCaon, ﬂ

%

Final point:

1 2 3
0,017 0,35 1.5M

- N3 default ¥EICIM A% zs._ 24
=C

M= = d°l H2A B=H.

_ _7|<_'|t7<10| o N A[%

- Hi-

Initial population : [0.019, 0.38, pi/3]
Hybrid function : fmincon, fminunc
Population Size : 40

- 8H2| B4}

d=0.017, L=0.38, theta=1.57(% 90k)
f=0.15 2 dx° AME.



2. Optimum Solution F5}7|(Matlab)

- Pattern search A=Z1}

Solver: | patternsearch - Pattern Search ﬂ

Probien - Starting Point = [0.019, 0.38, pi/3]
Dbjective function: |@cust ﬂ

Sartpont: DSOS - G.A M8 default 2082 A% Hu
enetEn | | Moz = 42 22 & ML

Linear inequalities: & b:

Linear equalities: feq: | beq: |

Bounds: Lawer: | Upper: | - -7|S-|I'ﬁﬂ %ﬁ AI'

Monlinear constraint function: [@constraint Poll method . IVIADS POSItlve baSIS 2N
Run solver and view results MESh accelerator - On
[ Use random states from previous mn . . .

Stopping criteria :
Mesh, X, Function, Nonlinear,
constratint Tolerance : 1e-10

s |_rae | o |

Current teration: E Clear Results |

Optirnization running,

Optirnization terminated,

Objective function walue: 0,15000000000000013 _ 8|:|-| OI |:||-
Optimization terminated: norm of the step is less than 2.220452-016 | |y |

=24
and constraints violation is less that options, TolCan, d=0 01 7, L=O 3 7 theta=1 571 ((2!: QOE)’
"‘F;:al point: f=0 1 5 QI HAI‘% O.I I:I.

L 2 3
il 0,017 0,376 1,571




ik,

2. Optimum Solution F5}7|(Matlab)

=
d L Theta f

Excel Solver 1.76cm 0.3516m 72.5 0.15
Fmincon 1.76cm 0.3518m 73.1 0.15
Genetic Algorithm 1.7cm 0.38m 90 0.15
Pattern Search 1.7cm 0.377m 90 0.15
1. 4114 BN BE 22 NS4 e HJOLL M4 d | theta atol XaM

Afo|g HOICH -> A 70 NE) 52 MATHO| §o £ HI NATHE

= DHEDI,

2. BiLdol 28 B ZAES, 4ol FEoI2= Multiple Solution

9 HOZE oA=L



2. Optimum Solution F5}7|(Matlab)

E 1200000000072 ol | 22 &3
Kce 0.418/none = : I—_IEEEII
] 0.5]m et e = A (5)
f 1600/ el =H: I [H 2k e 2R
— 280l ka7 a2 o E[HEHMY o ZIAFHNY o R[EEZHW) |D = |
tau_allowable 12800000] M/ 2 —ai= HE (B}
factor of safety 5 naone [$D§12:30 814 =] ZE(G) =800)
design variables |initial value [final value _Igriz??—%ém -
d 0.017] 0.01E912796 R <; E57] - FIHA.. —
L 0.38) 0.379358045 _ e k=
PCE22 <= JEFZ2 B ()
angle 1.570796527] 1. 6v0796327] || |$CE25 <= 3E4O3 _=stah, |
$CE2d <= $ES24 AT (DY T EEH)
cost function $L§E5 <= $E$25 =
i 0 151
constraint
91 -Te201159,61] <= 0
| a7 N nl
q3 -2 9E161F-07] <= [ - 2
ad ~0, 379395043 <= 0 f=2pd L
95 -0, 120001951 <= 0 g
Faingd b I = o L — Il q - 3 'fz S T { D
a7 n[<= 0 43 8Ld2' all =
L5 RIS 0
33 ~0.033087204] <= 0 ,Z Id <0
310 -2 468080158] <= ] — 5— %_f
a1l -27,53191384] <= 0 f f Tall

- X|dxZ d=0.017 L=0.38 theta=90 2= ExcelSolver= ZA3| 15}1]

- Sihdt © d=0.0169, L=0.38, theta=90 Active constraint : g3, g7

- Multiple Solution % : =N4 f 9 constraint g39 FHE= O3t
2. g32 TEoH dr2 Lo FH=E SAESL, f 2 S JH

~ OE MYZHSO| HFE= B2 WM multiple solution &2 & & RALL



3. =X 9| =d%| &I

- 0|27}=8t Tl=2| EMXIE Linked Discrete Variables2 %5101 01
M =27} 71& =H 2| A2 F=XIE LO0I=LC.

- Shear .
. Density Elasticity
Material - atrength
{ka/m~3) (Mpa) {Gpa)
YWestern white pine 340 h 10
Redwood 415 [ 9
Fonderosa pine 415 .6 q
Spruce, 3itka 415 .6 10
Whestern hemlock, d41] 10 11
Douglas fir 470 1.6 13
shortleaf pine A0 = 12
Red oak == 12,4 12
White oak 530 13.8 12
=hagbark, hickory 20 16.5 15




7x107 % =4.0952107° % p* —0.0201 X p+ 8.8366

Ex107%=0.0206 % 7 —0.6902 X 7* 4+ 7.73 ¥ 7—17.3042
390 < p = 720

6.2x10% = 7 =16.5 x10°

9x10° = E= 15x10°

[ 1 » L L L L L 1
380 400 480 500 550 600 (=] 700 780
tho

L &2 BF%= g2, g3 ° H9%= SHAI shear strength, Elasticity Tt
245 UL d, Ld°l E°E A°ld, -.75.2. f ol Lf°1°t‘- Density &5°l

E’“E‘-’F mol EOE Aot M SSAT BF O] HASHHLE FHotE
I L"OII 7(-II:I-6|- '='A-IKI ‘II-OI K}(“UI- 'I-|0§ O1|AI-6|-|:|-

ofd 12 Ed =
o2l O o0

-|0



- =X 7 &

— —= IEZEETE o
] 05 . Ol - A7|73F

f = e - @50 g0 ©
factor of safety 5none a2 £A: ¢ FHINZHM) & AZHN C A EZHM: ID_ =5 LI'

£ Hi}
29 | ocal minimum
N

=
design variables initial value final value S HE 4B % .o~
d 0.019 0,021 752807 |$D$B:$D$]4 =3 FE(G) 2M(0)
L 038 0435256 1 45| — S o °|2 —I_I o I,E E
angle 1.047197551 1.055819517] HER AU
= = M= N\ — (o Jrm. .

o T g o
tau 6.2 7.o7eassn] | (| E<85 S23ERS) B Z7|EHR)
E E] 1033532293 | | |$C955 <= $E473 3.

$C5ed <= ES2d AFID) ==
[cost function | $0825 <= $E$E [l —

; —i - Genetic Algorithm, Pattern

inequality constraint

gl ~GE000562. 03] <= i =Y} (o] OI:GI-

92 -2451380.086| <= 0 earc (e X a a —] oL

PE 5.75095E-07] <= i o .

ot ~0. 435256 145 <= i L :

s ; Optimization Tool & AI&5tY
g6 -1.05581351 7] <= g

ot -0.51497881 | <= g . .

4 ° Global minimum di& 22 ¢
a9 0026237193 <= 0 HA= C=2 T
910 o[<= g

alt /<= 0 OO

912 <= i HA M 0

913 3= g

g1a T.a7e38a <= g

g5 ~5,2236008] <= 0

916 1305320909 <= g

it 56545 17071 <= i

equality constraint
hi i}
h2 i}




3. X2 =dx| &I

ZI1X SMX| C.l5t0{ Excel Solver 2 S¢t Global Minimum
ax sh7|.

. Shear .
. Density Elasticity
Material - Strength d L angle [
{ka/m"3) (Mpa) {Gpa)
Western white pine 340 T 10 0,02 04433 G, 45 016714
Redwood 415 E.2 q 0,023 0, 4622 B0, 45 0, 20081
Fanderosa pine 415 .6 | 002145 0,429 G0, 23 0, 165332
Spruce, Sitka 415 T.E 10 0.02145 0,429 B0, 23 0, 16332
Whestern hemlack 440 10 11 001957 | 0.3915 G, 22 0132
Daouglas fir 470 T.E 13 0.02145 0,429 =1 0, 1855
Shortleaf pine ] 9,7 12 001974 | 0.3968 G0, 22 0, 1546
FRed oak B0 12,4 12 0.01819 | 0.3656 6731 0, 1597
YWhite oak E30 12.8 12 001758 | 0.351E 7253 0,15
Shaagbark, hickary T20 16.5 15 001657 | 0.3313 7273 0, 13031




