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» Beam design problem using MATLAB
» 5 bar truss structure example:
volume minimization problem
» 3 bar truss structure example:
topology + size optimization
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BEAM DESIGN PROBLEM
USING MATLAB



6i| X|: BEAM DESIGN PROBLEM e

F
+ M = 40kN
V =150kN
d (O-a )bending :10Mpa
] b (Ta )shear = ZMPa
Minimize mass Minimize f =bd
b,d b,d
subject to subject to
9 :O-(b’d) S((7<’=1)bending g, = 6M ( ) <0
bdZ bending
gZ = T(b’ d) S (Ta )shear
105 = d<?2b 9, 2bd ( )shear -
9,=b=0 {0, =d—2b<0
9;=d =0 g,=-b<0
g.=—d <0
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MATLABS 0O|&%°

MATLABZ|

(HHO| ‘optimtool’ EE = O}0|&

Optimization tool 7| &g
0]

Optimization
r - i
4\ Optimization Tool [“::)J l =N éj
Eile  Help
Problem Setup and Results Options >

Solver:

Algorithm:
Problem
Objective {tminunc -
Derivative:
Start peinttzarg - Sing)
3 - Gel

\fmincen - Constrained nonlinear minimization ~A

fmincon - Constrained nonlinear minimization
fminimax - Minimax cptimization
fminsearch - Unconstrained nenlinear minimization
Uncenstrained nonlinear minimization
fseminf - Semi-infinite minimization

fsolve - Menlinear equation selving

e-variable nonlinear equation sclving

[ [=1 Stopping criteria

Max iterations:

X tolerance:

Constraint: g
Linear inequalities:
Linear equalities:

Bounds: 1
Menlinear constraint fun

Derivatives:

Run sclver and view resul

Start Fause

Current iteration:

[fminimax - Minimax optimization

mincon - Constrained nonlinear minimization

frinsearch - Unconstrained nonlingar minimization
fminunc - Unconstrained nonlinear minimization
fseminf - Semi-infinite minimization

fsclve - Monlinear equation sclving

fzero - Single-variable nonlinear equation sclving
ga - Genetic Algorithm

Max function evaluations:

@ Use default: 1000

) Specify:

@ Use default: 3000

O Specify:

@ Use default: 1e-10

m

MATLABS| Optimization
ToolS O| &SI CtEot &
HE O0|&¢ XXz} 7ts

= = X2 20| Hef=A0|
Qs 2xlof Ao 1z

L 7|Hte fmlncon’g OtQ|
ARSI BIZHE 7| AFO| Of
& '‘GA(genetic
algorithm)’ & AtE

= =Ao| E7 SE A=
Flet o ZE IR

—rarge HETIanTy, -
bjacos fancton value: 27013 BOSA3053685 [ Functionvalue check __
Optirnization terminated: average change in the fitness value less than B4 =TI - FiveBar_optimization.m B 9= - Straine ele
options, TelFun ) | FiveBar_optimization.m | + |
and constraint violation s less than opfions, TalCon, E_I function [, fval,exitflag,output, lambda,grad,hessian] = FiveBar_optimization(xD, Ib,ub,Tol¥X_Data)
2 %X This is an auto generated MATLAB file from Optimization Tool.
il H - O
- Hesd 4 *X Start with the default options FIIe_)Generate COde 7IEE
Sgﬁ:ngilze:tiiﬂprlﬁdﬁing, =i 5 - opt ionslz apt imloptions( ' fn}incun'); %6“ ﬁa Eu_l EE Eg 7}%
| Ohigrtive functinn valis: 27303 (RAR5] RARATS % 6 %% Modify options setting
5 s 7 - options = optimoptions(options, ‘Display ., final-detailed ):
Final point: i options = optimoptionsioptions, ‘Tolk . TolX_Datal;
9- options = optimoptions{options, 'PlotFens’, { @optimplotx @optinplotfval @optimplotconstryiolation @optimplotfirstorderopt 1)
10 - options = optimoptions(options, "Algorithn’, ‘sop'):
y - E_ 1n - [2.fval exitflag, output, lanbda, grad, hessian] =
| |1z fmincon{@(x) (x (1 +n{d)+x(B)+x(2)+ (sart (20 )+u(F+{aart(2)))+264+2, T7e-6,x0, [1, [1. [1,[], Ib,ub, @ iveBar,options);
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OPTIMTOOL 0| &

-
4\ Optimization Tool

REEN RSRIE) Sc)

File Help

frincen - Censtrained nonlinear minimization

Problem Setup and Results

-

Trust region reflective -

: X|AHSE OF 1 = } | Interior point
Solver:  |fmincon - Censtrained ndnlna%lrlirrﬂtﬂn' E'I =y A sqP
Algorithm:| sqp Y
=L AL {Trust region reflective

Froblem %I—'! %!'-r
IObjecti\re function: | @0x) x(1)*x(2) h I Max function evaluations: @ Use default: 100*numberOfVariables

Derivatives: :Approximated by solver ': = MM I} | Specify:

Start point: [11] X tolerance: @ Use default: 1e-6

Constraints: e A © Speciy;

e ——— . _ ME pax7 (Ax<ZB)
Linear inequalities: A-21] b: |[01 Function tolerance: @ Use default: 1e-6
Linear equalities: Aeq: beg: - Specify:

A SlolZH
Bounds: Lower: [0 0] ez IE! © |nt¢3II.Ja°ct°'—|.a‘¢ Use default: 1e-6
Monlinear constraint function: | @beam_cons  Specily:
Derivatives: | Approximated b & -
rivatives |afpraximates 9y SHI%J ?g ?é@ﬁutrsint tolerance: @ Use default: 1e-6
) o Ol SEA
Run solver and view results HI ﬂ' = -|-| ol Cél'_l_ Specify:

Start Paus

Clear Results

Local minimum found that satisfies the constraints. -

Current iteration: |19

Unboundedness threshold: @ Use default: -1e20

| Specify:

[ = Function value check

Optimization completed because the objective function is
non-decreasing in

[T Error if user-supplied function returns Inf, Nal or complex

feasible directions, te within the default value of the optimality

[ = User-supplied derivatives

tolerance, -
and constraints are satisfied to within the default value of the
constraint tolerance.

1

x| Mzt Za}

e
Final point:

e 2

33541 335.41| 2

Validate user-supplied derivativ

Specify:
Hessian multiply function: @ Use default: No multiply function

Specify:

Hessian sparsity pattern: @ Use default: sparse{ones(numberOfVariables))

m

Quick Reference <<

fmincon Solver

Find a minimum of a constrained
nonlinear multivariable function.

Click to expand the section
below corresponding to your
task.

Problem Setup and Results
» Solver and Algerithm

» Problem

b Constraints

» Run solver and view results
Options

» Stopping criteria

b Function value check

» User-supplied derivatives

b Approximated derivatives

) Algorithm settings

» Plot functions

b Output functicn

» Display to command window
Suggested Next Steps

= Overview of Next Steps

» When the Solver Fails

= When the Sclver Might Have
Succeeded

»  When the Solver Succeeds

More Information
r User Guide

b Function equivalent
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GENERATE CODE 0| & [1]

4\ Optimization Tool

File | Help

Reset Optimization Tool
Clear Problem Fields
Import Options...

Import Problem...
Freferences...

Export to Workspace. ..

function [#,fval,exitflag,output, lanbda, grad,hessian] = untitled{x0, 4ineq.bineq, Ib)
AX This is an auto generated MATLAB file from Optimization Tool.

A% Start with the default options

options = optimoptions( fmincon’):

A% Modifv options setting

options = optimoptions{options, Display', 'aoff'):

options = optimoptions{options, PlotFon', {  @optimplotx @optimplotfunccount @optimplotfval F)s

Generate Code...

options = optimoptions{options, "Algorithm', "sqp’');

Close Ctrl+wW

XX Start
options =

[#,fval,exitflag,output, lambda,grad, hessian] = ...

fmincon{@(x)x( ] )eu(2), [], [ , [1.8beam_cons, options);

=] A o A L
U A40| Z2 HOloX| YooE £ B

with the default options
optimoptionst fmincon’);

*X Modifv options setting

options =
options =
options =

optimoptions({options, Display’, ‘off');
opt imopt ionstaptions, "PlotFon', 1 @optimplotx @optimplotfunccount @optimplotfwval F)s
optimoptions{options, "&lgorithn’, “sap’);

[w,fval,exitflag, output] = ...
fmincont@(x)x01 bex (22, [1 1], [-2 11,101, 11.01.[0 0], [],Bbeam_cons, options)
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GENERATE CODE 0| & [2]

== untitled

F35 402 535354102

&11 algorithms:
1 First order optimality conditions gsatisfied.
0 Too many function evaluations or iterations.

fwal =
-1 Stopped by output/plot function,
| 19508405 -2 MWo feasible point found,
Trust-region-reflective, interior-point, and sap:
2 Change in ¥ too small,
exitflag = Trust-region-reflective:
3 Change in objective function too small,
[z} botive—set only:
4 Computed search direction too small,
5 Predicted change in objective function too small.
output = Interior-point and sgp:
-3 Problem seems unbounded.
CtE 2S£ ZEE struct:
iterations: 19
funcCount - B0
algorithm: "sgp’
message: Local minimum found that satisfies the constraints. '

constryiolation: Z2.4825e-13
stepsize: 9.9144e-05

Issteplength:

1

firstorderopt: 3. 1236e-06
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5 BAR TRUSS STRUCTURE
(VOLUME MINIMIZATION PROBLEM)

s 4

: : : : 10
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Of xl: 5 BAR STRUCTURE

N ) .
@ B Material : aluminum
3 2 EbM 7| 4= : 68.95E4 N/mm?
ZQt£H| : 0.3
] a AlgFal e : 2.77E-6 kg/mm?3
a =254 mm
y
< L @_ N F,,=22.241 kN, F,,=-13.344 kN
|- ~ 1x ly
©) I Fp, = 4.448 kN
v a L.f
A 71
=X g Al 9} Referenced optimum values*
M 2k 2xfof B
MASH : 2o 228t
RN ESE ) T
X £|CH-S 2 413.684 MPa 0|3} . mm? 3226 645 3039 1077 645
B Z[HAXyEE) 1.524 mm 0|5}
6.4516 mm? < &I} EHHA < 64.516 mm? * A. Pospisilova and M. Leps, ACTA PLYTECHNICA, 2012
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s midas NFX - [NFXD1]

il DFBEcige =-m

= 8 %

& | 828 BE/FY

ABEE ~ AElSl ~ A -0l -~ @ - = X

2438
© 3R /LERY
O2RE2Y
©EHE

CHIH

29 SHE/EA hH 2 2D
8%

2813

4\ O AEHOXN @ Npo1 x [

> midag
> Copyl
> 2tl

>Ry

e sl
HEEEET

|
[Nm-lcg—sec—] - ]
E8 M=KD 9306.65 mm/sec?

+ o881 $ois Q2N P 45
Lol CUCAHE O i O B2  Bzs
Ooe=n4 2 vacH # & =
el el @ Li2l FEEy 0IS/=M SHEA
ga@Qde o+ HEL EMFEPHE Q- S- Y HE: wfimi: e B HENM & T R
8 x =
e A 2 [
T

[[N-mm-kg-sec-) v 5-1;#‘




Fa@adae e+ B

22X 0 = ZEl 5-bar truss

0 xmE0% [ B

AE

> midas NFX 2013R1 (64bk)

> Copyright (C) SINCE 2007 MIDA
> B0l 20 2 BHASLICH
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=XN|0f| =0l Aluminum
=dX 4=

S7Ho] 2EQA S A

|
|
|
|
|

| C . 2

| (X7] EFHA 20 mm?)
r = |
1RHE S MA/HE S5 |
|
|
2E (g | moiE [ 382178 l
) N
% 1 0lE Bart 4t [ [<] Y &J:
- HE 0= z= HEEL -
HE 1t Aluminum b 1 Barl 1D 2L A I
i [ — L o == i
== | ZDjmml 3 Bar3 1D 2C I
S - - = |
HISS 2= 0 | mm? 5 B:::S 1D 2C I
- |
HEEE8H = 0 mm 28127 | ||
|
2O L =EEF 0 kgjfmm |
|
|
|
EE=EEE 28 |
=7 I
|
L |
|
[ =#o | #=#+ =2 | |
|
. |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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DI/l sWAsEAe  Rs6s ABEE - 2Ele - HE - o0 - @ - X
$ 712371 ., 183 4y Beasz Blowias || d & oesn
bt f % @ 20> oz Icam [ETRIE []assn EM Wan-
i=fAEmE 2% Llzzaz gl =T mens-
Hy 24 =3
Sl QA Al +IH/ e Rl e N L TR T T e N AR 1 = A
EF] 2 e — - — J¥
vs oy wpy (g% £ 2= cesmEam R (RBIO® =
i€ A= & 2
HB =4
&/ 1D 5]
¥/ Barl (2E) 1 ——
¥/ Bar2 (2C) 2 [ _____ B
M/ Bar3 (2E) 3 I
v/ Bart (25) 4 | E—
v/ BarS (2E) 5 ——
i 20 0]
SEN]
HB 71Et (0] [
HB 0/%21 [0)
@z
SF 22RO
& sz
o BER-ES 1 ——
V@ 1sQ42010) 2 L __
P 22420011 3 —
P 15222(1D)-2 4 —
M t5222(10)-3 5 —
P Xt5223(10)-4 5 —
29 5tE/2A o4 2 2D
= ax
4
N
[
4 © A= | @ 108siuss | @ 108srTus Optinized | ) npios | 0 s Barnuss | 0 s bartopoiogy | € _Optimiecs bar topoiogyt, @ NPKD x 3
sy ax
> midas NFX 2013R1 (64b)
= Copyright (C) SINCE 2007 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
> BIDIA A7 9 SRR ST
> [AIERAR(1D)] RAZHE(IE 20, B4 1) MALREUCH
> [AISRAB(10)1] RABHE(ZE 2, B2 1H)7F 2L SLICE
> [HELL2(10)-2] LABHE(EE 2, £ 10)7F & HEISLICK
> [E242(10)-3] 2ASHE(ZE 2, 2.4 )7 & LI SLICL
> [HERAW(10)4] RASHEEE 2N, 84 17+ & AHIASLICH
RO Y 025 200 | GAL8] N:C4] Els) N <Tmm <3 ~lsec <l
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= QT
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s SEEHE-3

r — S — L -
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570 FXo| HHHAY 28 =,
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CHEr (64.516 mm?2) M

=
E4 Bart, THHE
E4& Barz OOH
E4, Bar3, EHOIE
EH, Bar4, HHHHE

, Barg, CHHAEH

e
I

0E EEny ZNE ZICHE!
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1
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= Linear Static
W S8 (A @R v e H 20t Wy
L=l MEHOIA 2=
HHHE (2] TAEHE
fy o = @ RS =B A EEA A (m)
ER Pt 12 BLHE B 85 4% ZuH4
& FHZHHE- S TIE2 421(1D) 5§ 3% =2
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e
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=3 A0l F7/8 B == S| A Aol A
3 HOIA 2F
Al X2 MEH
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SER) @ CEai=sa_ ) 234 !
E = =
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& THH2, £, Bar2, '.:_"E’ill —_ o
5 THH3, £, Bar3, '.:_*E’iil
B cHE4, £, Bard, BHEIT )
) CHH5, £, BarS, CHHE | x I—IR % E a2l s A
i e o = 3 T e
M 674 EH** 2ASH &
= od =
~
o
3 Al .” |_'=' EH 22| &S |.
/’rgamﬂm (X [ EDEoeuEﬁ—,—,E
3 E|bFZd 4| 3] Al A I
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[ e e
M A 200] FEENEES]
PRES e S HHHA (E Emmm————————
ECIEE REEER T HHH S
R B EEEEREIC
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REETEE EEEEGETC I 1/
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e

PezEH000

2.4%
+1.63620e+000
e
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°+4.VUW19WL
0.9%
a0
1636200001
.9%
o “+0.00000e+000
ip BERZ HBEE
s EE22 8 39 -
¥ - g |
T
asy 2%
ELE] D)
aA50
BEHRY as
e 0217
ag RN
AsgA
20|21 Fake
g [ e
a5n 1
[DATA] DOE, DOE: 200, {18 BEHHS (BS), [NT] N, mm
PR s b AEEE s =
1 O A=moix| | 0 10 bar Truss | ) 10 Bar Truss Optimazea | ) nexps | M) 5 Bar Truss | M) 5 bar topoiogy | € _Optimizeds bar topologyt, (0 NFXDS x
ax
> - SETUP OPTIMIZATION 3
> = RUN OPTIMIZATION
> DESIGN SAMPLING: COMPLETED
> COMPLETED
> OPTIMIZATION COMPLETED
> [SYSTEM INFO]
> NUMBER OF THREADS  : 1 L
> WALL CLOCK TIME  : 10.088 36
ED) ]-

X: 0-260,285 ¥ -11, 3865~ 254 Zi0-0 G5 N:[4] ENL5) T TV R |

Copvriaht © Computational Desian Lab. All rioghts reserved.

RlEE

41Xz
ot

02t 02
ujo
%
of

21



EEs Aol = FHHE

IEEHO 2 &2F

= Size Cptimization
HE3 ER EEEEEEEE
4BH B A014 [DoE

IEE AL 2

THHE

|
-l

[BE]

m

A|C|S 2 < 413.68 MPa

m

fle
re

BT,

[

=1]3

4 | i

1

8 =90 [ 2w |

[ SHHED| A -5 A SSLICH

Ha | (

158 Barl, o |
) B2, £, Bar2, BEN
) CHH3, £, Bar3, §EA |
Ciol4, £, Bara, G |
oS o=l
——

szt Aol ==

EVE Stere -

Copvriaht © Computational Desian Lab. All rioghts reserved.

X

_I_|

Al

Ao} A
off g2l

O.IEH

&

—

SESARELS

|

N3t 4

0t



CAEIE - ME -0l - - 7 X

A Bo| A AN B Y
R e LML

ﬂi%'ﬁa? QE{’QQL Bl HJ‘ L eATEEE @-9-9@E ] ‘33'—“? '" ) :* &ﬁ:glin"l "?P‘é;' : :
\LD S T T e e s, I y;qwa 3700 &)™ A o

&k R HE/Z Tl SIS o4 =4 ifl 4 e £33 I |- HA‘I 7t g|-0l_|
E2E WzEHR - @2 @ 2] L AETEE s IoEy T |
[7) HE Buzlsd - Guggs Ppoidzes B S8 S85 f ~se ATt g I ol xIX™ A oL =3
2 = I = Al = L= ide olojprsr BTHRIEIH L = @x|HE£MM1 I 37H—-| —'—l—l E7:”|_E OlO
[ACIOIHI8 Gy 2014 - REAHB(Y) || @BUFE [ AALT ST FIIEDIS S mmmmsamd L M A[OF =2 O]
T - T | B0 AR R MO EE Y
| o~
M 2D as I OH&!Z)[ %!‘O,_'
A0 [2E = :
ICEEETTEE BN [ & Hpz | HHDH [ aHer2 [ #Hers | semaxe | £ - 1o o
EiE) | %*O.JE—:—"EE” PSP =
[2 e
EEEES 20 6.5 65 85 8 6.5 85 I 7 E OH&I| El:él ACI')IAC;l
|
HHH -3 20 6.5 65 39 38 38 39
HH L4 20 6.5 65 20 20 19 20 I
R ) 20 6.5 65 83 13 11 8.3 A I
= = (MATIE) i |
SHES BEE (%) 0 14 14 13 14 n I
HEFEH ZIHRINE (%6)| 74 0 0 0 0 0 |
SEEA 3e+004 3 4e+004 3 4e+004 3 3e+004 3.4e+004 | 3 4e+004 |
£5 7.2e+002 4. 1e+002 | 41e+002 4 1e+002 4 1e+002 4.1e+002 | 3.6e+002 |
* |
. |
< | T | » :
MER AT [ memr=el | EETES Y I
|
=T I
ek [Asaran o - DUy A2 NFXD4_Optimized.nfi [, | :
|
EES |
|
|
|
|
|

: Reference (vol = 2.6:e4 mm?)

: NFX (vol = 3.4e4 mrri12)

40

€ 30 +—

E

RC 20 +—

Tl

il 10 +—
0

Barl

Bar2

|
|
Bar3 Bar4 Barb !

: : : : 23
Copvriaht © Computational Desian Lab. All rioghts reserved.



0.0L: 317,145, 1.00L: 317,145

0.0L; 360,59, 1.0L: 360,59

Hel 2t

=

ROD 5TRS
ARTAL , Hjmm~2
+3.,60590e-+002
o

%
+3.29197e+002
3%,

+2.97803e+002
3.3%:

— +2.6640%e+002
8.3%

— +2.35015e+002
11.1%:

= +2.03621e+002

3.3%s

= +1.72227e+002
3.3%:

ey
— +1.40833e+002
3.3%:

Ry

1 +1.09439e+002

8.3%

= +7.80454e+001

8.3%
+4.66515e+001
3
+1.52578e+001

11.1%
-1.61363e+001

0%

y &

EH

—

DAL DISP

, mm

+1.3273%e4000
30.0%

+1.21675e+000
0,0%;

+1.10616e+000

0.0%

+9.95543e-001
o

0%
+8.54927e-001

0%
+7.74311e-001

2
+6.636952-001

0%
+5.53050e-001

0.0%
+4.42464-001

o
+3.315848e-001
0%

HpSE B O
o oI: ET
nowgza < WP
132758

~ 212320000
0.0%
+1.10616e-001

T0.0%
+0.00000&+000

Copvriaht © Computational Desian Lab. All rights

7
°

-0.1617:25

-1.00753

NODAL DISP
T2, mm
+0,00000e-+000
40.0%
-5,396098-002
30.0%
-1,679226-001
0.0%
I -z.51883e-001
0.0%
I -3.35844e-001
"
0%,
I -4.19805e-001
———-5.03765e-001
"
0%,
I ——-5.87726e-001
"
0%,
——-6.71687e-001
0%
I{———-7.55648e-001
"
0%,
~6.396098-001
0.0%
-9,23570e-001
30.0%

-1.00753e+000

reserved.

24



EEs Aol = FHHE

IEEHO 2 &2F
0g
IHSER

eHE FEAOS

IEE AL 2

Size Optimization

ENEEEEEERE]

[ooE

THHE

[BE]

[N

EHSE

HEFR

Herz

EE e EYES B -
K

FEEEE EER

SEEE EEE

rBEEDR EED
*

FCHHSZ| < 1.524 mm

m

[ | |

|5 4 | L

1

- (IS I

=

HE R 2R Bl

Ha | [=a

Copvriaht © Computational Desian Lab. All rioghts reserved.

=
24 M= dE
2t AE+Z 24 A
E=Z Ol
o=t Mo B EH = =
Ao golEl =5 g2t A

SESARELS

25



CAEIE - ME -0l - - 7 X

N oA H| YR
MM’ — K|2X| KB} M EH

ﬂi%'ﬁa? QE{’QQL Bl HJ‘ L eATEEE @-9-9@E ] ‘33'—“? '" ) :* &ﬁ:glin"l "?P‘é;' : :
\LD S T T e e s, I y;qwa 3700 &)™ A o

gy 84T EE/EHY SH/ASLHE  |EHA dd | 2Ry | 23 | ESPa-its]
—
[h2i% AZ0IRY - @ A - 2RI L METEE 24 sfoEm
D Bueros Deses.  |masees Maaces  GoesfEsiEEmE. 1 e o
- Ea palm = PLELRE | -
DOO0TE G2ty - REANAC) || @EIVEE  H-2oww s S oes O mi2 2] ~ = "‘Slg__' E)Hﬁl o LODI
| BEAE ﬂ-‘ O|'01 A|-OX|- E71| |_I- EE X
sf 13t 2ol
FEE HO A o) =

AEREH -

'S o L o
il oI'e =2 X|HIS
SN2 20 6.5 65 6.5 75 6.5 6.6 - I_ = 1 HA=
- ! ] z o
ENEEE] 20 6.5 65 B 3B B 35 7 E OHA_'I| El:él ACISI ch
EREET 20 65 65 7.1 6.8 EE] 71
N5 20 B.5 65 6.5 72 6.9 65
= F(ma3tisiadt)
SEE: HES (%) 0 2.2 2.1 21 02 92 3
SEE -1 Je+004 27e+004 2.7e+004 27e+004 27e+004 | 27e+004
EER 26 15 15 15 15 15 14
EEH 15 15 15 15 15 15 13
EEE 0.17 15 0.27 0.26 0.26 0.27 0.22 —
EET 0.82 15 0.57 0.55 0.55 057 083 i
< [ | »
AMEAFEH 220l [ magrser | [ disgrEm |

- ke

THA [AF2 R & H O = DY 2E NFXD4_Optmized.nfic ... |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
M= ZHIME (36) 70 0 0 0 0 0 |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

40
£ 30 — |

E : Reference (vol = 2.6e4 mm?)
Rl 20 +—

& : NEX (vol = 2.7e4 mm?)

ol 10 +— |

|
0 |
Barl Bar2 Bar3 Bar4 Barb5 !

: : : : 26
Copvriaht © Computational Desian Lab. All rioghts reserved.



OF
0%k
T

o

k4

#
T

NODAL DISP
T1, mm
+1.44926e+000
30.0%
+1.31025e+000
%

-0.218513

o
+1.17130e+000
0.0%
— +1.03232e+000
0.0%
— +8,93337e-001
o

0%
= +7.54356e-001
0.0%
= +6,15375e-001
0.0%

4. 76393e-001
0.0%
L 43574126001

)

k)
= +1,98431e-001
0.0%:

o
~+5,944942-002

40,0%
-7.95319e-002

30.0%
-2,165135e-001

1.445920

0.0L: 573,57, 1.00: 573.57

21t

RiOD 5TRS
ARIAL , Minm™2
+5.73570e+002
<

o

+5. 20826e+002
o

o

+4.68082e+002
6.3%:

— +4.15338e+002
12.5%

5%
— +3.62594e+002
4%

A%
= +3.09849e+002
4%
= +2.57105e+002
9%
— +2.04361e+002
94%
— +1.51617e+002
4%
= +5.85727e+001
4%
+4.61285e+001
00
-6.61569e+000
6.3%:
-5.9359%+001

23t 619

00t

0.828713

-1.28269

NODAL DISP
T2, mm
+58,28713e-001
30.0%
+6.52763e-001
e

n
+4,768132-001
0.0%
— +3,005862e-001
&

%

— +1,24912e-001

40,0%

= -5, 10385e-002

0.0%

. -2, 2695%e-001
)

L 4 02939e-001
0%
L s 7aga0e-001

k

0.0%
= -7.54540e-001
0,05

o

-9, 30790e-001

fa
-1, 1067 4e+000
30.0%
-1, 28269e+000

Copvriaht © Computational Desian Lab. All rioghts reserved.

x|t ADE 47 2o
Btaistol of A 8 7hs
HYETS BE DHESILL
S2x7ig 9lotet 2ot
e

27



EEs Aol = FHHE

IEE AL 2

=
HEE 0L 2 L
A — M| o4 e
= Size Cptimization
HH3 5 ENCFEEEECE SEE AN D | me
HHF ZZ A0~ [DoE cho-|°_|' E7:"H|_:ITE AE-|7:" A'”
EZ Ols

HHHE
XIS EH =g & O
HHEz MO B 28 =, &
S Ke) X Sk
Mol HelEl =8 g2 X
(0] 3 MK
S S
f"ﬁfr}f‘}xﬂm B
3/
SIEEH ST Rz
=pal- 1o
Wz | O EPER; IEH - L SASS B 2
; 1 PEER EER
EEEE EEE
BEEE EEE
SEEDR EEDR
| ¥ |
I
I |
| =
i = Zc_l |.__H%§|| < 413.68 MPa :
! B X|CHH | < 1.524 mm
E
-_— =
— 4 | 1 ;
< m b T
T (2] SHIH 0| TR 2aLITh
ETE
IH MmN -
C= ) =z ] C=a J[ a2 ]|

- . . . : 28
Copvriaht © Computational Desian Lab. All rioghts reserved.



SE/LES #HA

ELLT

-LP-%-----F*H

-
4 gefa@ adoeoe+ B

AR

T I-1-T

_’ f\_DlEf@E'I’j

1 Q- @-JBE wim]

e B #E M L T R H

A g at

oEE

PR

i
=
L=
[l
I3
gl
i
=l
E
z
4
=
of1
|-
o
e

==l S =6l
@ 20 £ MNERE
Ppooszes e
@ 2nEs Moo

m

£33

F 2Ames s

FEECErD '1'

| 2y @1
heH 2D e
NER &2t -
Hg -2 20 6.5 55 6.7 6.6 6.5 6.7
LHHS3 20 6.5 65 40 a8 37 40
HHH4 20 6.5 65 17 20 19 17
A5 20 6.5 85 12 11 15 12
ERENL ek BEA) 3
SEER: WS (%) 0 13 13 14 13 13
H2ETA FN S (%) 74 0 0 0 0 0
S3ga1 3e+004 3.3e+004 3.3e+004 3.4e+004 3.3e+004 | 3.3e+004
] 7.2e+002 4.1e+002 | 4.1e+002 4.1e+002 4 1e+002 41e+002 | 3.7e+002
=g 2.6 15 13 13 13 13 13 L 9
g2 15 15 1.1 12 13 1.1 0.97
23 017 15 0.16 0.18 013 0.16 0.0013 i
. e = == = — e -
AFBTHEH 2 201 [ magr=a | [ EAEES
=R
He (AR @Har - Doy Z2 NFXD4_Optimized.nfi (... |

40

€ 30 +—

E

RC 20 +—

Tl

il 10 +—
0

Barl

Bar2

Bar3

Bar4
Copvriaht © Computational Desian Lab. All rioghts reserved.

Bar5

ZopEN SO N AN DY
A K|S E Y5 M

HIAIE! 37§ %% A7 ot
at 8 A7t 2ol

37Hol N MA LS 08
510) AL X} AA[OF £2
s A2t =tol

12 1o L o
Holg v oo ANy
J|gto R A mE MY

: Reference (vol = 2.6:e4 mm?)
: NFX (vol = 3.3e4 mrrilz)

|
|
|
|
! 29



ROD 5TRS
BEIAL , Njmm™2

+3.65654e+002
00
+3.351 04e+002
3.3%
+3.04523e+002
8.3%
— +2.73942e+002
11.1%
— +2.43361e+002
3.3%
= +2.12781e+002

8.3%
0.0L: 314 86, 1.00: 314,86 L, e2200e+002
.

i)
— +1.5161%+002
3.3%

i)
— +1.21038e+002
3.3%
= +9.04576e+001
3.3%
+5.98768e+001
N

]
+2.92961e+001

11.1%
-1.28467e-+000

0.0L: 365,684, 1.0L: 365,664

He 21t

=] ¥o o | HISE o |
x 2ok He y Bigk He
MODAL DISP NODAL DISP
TL, rmm T2, mm
+1,34614e+000 +0,000008-+000
30.0% 70.0%
+1,23396e-+000 -6.099662-002
0.0% 0.0%
T.00161466 +1,12179e+000 0.0112731 -1,61993e-001
0.0% 0.0%
L +1.00981e+000 L 2.42990e-001
0.0% 0.0%
L +&.97428e-001 L 3.23986e-001
0.0% 0.0%
L +7.852508-001 L 4.04983e-001
0.0% 0.0%
46730718001 L .4,85979e-001
0% 0.0%:
4560893001 L .5.66076e-001
0% 0.0%:
" 4.48714e-001 L 6,47973e-001
0.0% 0.0%
L +3.36536e-001 - )
' OQ 0 -
+2,243572-001 : -6,099668-001
1.24614 0.0% 0,971959 0.0%
+1.121792-001 -8,909628-001
70.0% 30.0%
+0,00000e-+000 -3,71355e-001

: : : : 30
Copvriaht © Computational Desian Lab. All rioghts reserved.



£0[[mm?3]
Z|Ci 3 [MPa]
MA™ 1,x
wo| 281y
[mMm] =™ 2x
HAE 2y

Al

A2

|:|;|A

[r;r;;] A3

A4

A5

412

2.6e4

414.09

1.52
-1.52
0.001

-0.004
32.26

6.45
30.39
10.77

6.45

rot

=ERE
3.4e4
360.59
1.33
-101
0.04
-0.16

37
8.5
39
20
8.3

Copvright © Computational Desian Lab. All riahts reserved.

#9) & of
2.7e4
573.57
1.45
-1.28
-0.22
0.83

33
6.6
35
7.1
6.5

S5 & #9
3.3e4
365.68
1.35
-0.97
0.002
-0.01

37
6.7
40
17
12

= JH=Z 27t == A
o oF A Ol
= 2 T AT

31



=M= ME

v
4\ Optimization Tool

S5 o]

fmincon

=) =216 s

Algorithm: ISQP

Problem

Trust region reflective

File Help \fmincon - Constrained nonlinear minimization )
&L OF = Trust region reflective "2

Problem Setup and Results _*_I x_'!gl- = _Tl_ EI =

Solver: :fmincon - Constrained nonlinear minimization v

k Reference <=

fmincon Solver
Find a minimum of a cons
multivariable function.

Objective function: E(x) (1) +3x(4) +x(5) +x(21*(sqri(2)) +x(3)*(sqrif2)))*254%2.77e-6

%I-ix_j_up%n evaluations: @ Use default: 100*numberOfVariables
ZANe
8T €

| Monlinear constraint function: I@FiveBar

Derivatives: | Approximated by solver

Run solver and view results
Start Pause Stop

Current iteration: |32

Clear Results

—

options,MaxFunEvals = 500 (the default value),

I Optirnization running,
Il | Objective function value: 0,0715409561574495
Converged to an infeasible point,

|| |fmincan stopped because the size of the current step is less than
the default value of the step size tolerance but constraints are not

satisfied to within the default value of the constraint tolerance,
X|&SE A
e ES e Bl

-

m

Derivatives: :Approximated by solver | ) Specify: |5000
Start point: Irand(5.1]'*64.516*0.9|+6.4516 I N toliaf - Ik @ Use default: 1e-6
Constraints: © Specify: |1e-15
Linear inequalities: AN b |0 Function tolerance: @ Use default: 1e-6
Linear equalities: Aeg: |1 beq: |11 BHAO0| 7 ZF @ specify: 1e-10
H0| AA |2k pecify:
Bounds: I Lower: |6.4516*0nes(5,1) Upper: |64.516*0nes(5,1) TR T @ Use default 1e-6

TEXH A M o spearys 001
%p%;&jﬁt @!ﬂAF! @ Use default: 1e-6
SELFELS)

Unboundedness threshold: @ Use default: -1e20

Specify:

) Specify:

[ =l Function value check

[T] Error 1f user-supplied function returns Inf, NaN or complex

[ = User-supplied derivatives

d

ate user-supplied deri

Hessian sparsi

attern: @ Use default: sparse(ones(numberC

- Specify:
FS 4 . - - :
P - Hessian multiply function: @ Use default: Mo multiply function
Final point: . :
Specify:
|| 14 2 3 a 5 Specity
32251 6.452 30.484] 10.745 5.452| = [ =l Approximated derivatives
4| i
(L= T — -_—

m

I 3

Click to expand the sectior
corresponding to your task

Problem Setup and F
¥ Solver and Algorithm

¥ Problem
¥ Constraints
» Run salver and view res

Options
¥ Stopping criteria

¥ Function value check

¥ User-supplied derivative
b Approximated derivative
¥ Algorithm settings

» Plotfunctions

¥ Output function

» Display to command wi

Suggested Next Ste}
= Overview of Mext Steps
= \When the Solver Fails
= When the Solver Might -
= \When the Solver Succee

More Information
b User Guide

¥ Function equivalent
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MATLABS 0| &

=M= ME

4\ Optimization Toal - . We & 3 i - =
File  Help
oF = ) :
Problem Setup and Results _{I I_‘l gl‘ = __Il_ EI = Options Quick Reference e
wer: | loorith y ) Specify: - -
Solver: | ga - Genetic Algorithm - . .
@ Use default: -Inf Genetic Algorith

Problem

Fitness function: @) (x(1)+x(4)+x(3)+x(2)*(sqri(2))+x(3)*(sqri(2)))*254

Murnber of variables:

[

Constraints:
Linear inequalities: Al b: |0

Linear equalities: Aeq: |1 beq: |1

EE IR R

Bounds: I Lower: |6.4516*cnes(5,1) Upper: |64.516%0nes(5,1)

Menlinear constraint function:l @FiveBar

Current iteration: |4

Clear Results

AT COTTS AT SIOTA 00T 15 TES S U T OpioTs, TOTC o,

Changes applied,

QOptimization running,

(Objective function value: 27303 064551685675

(Optimization terminated: average change in the fitness value less than options, TolFun
and constraint violation is less than options, TolCon,

2 R
) Specify:

Stall generations: @ Use default: 50

) Specify:

stall time limit: @ Use default: Inf

o] 2L o

Stall test: |average change

Function tolerance: @ Use default: 1e-6

Integer variable indices: ?. % = 7|j 7:" IA_! 7 Specify:
Run solver and view results % _?_I '6]'_'- Q.JF. Constraint tolerance: @ Use default: 1e-3
[T] Use random states from previous run e _—— .
(=i EE) - D
Start Stop

[ =1 Plot functions

Plot interval: 1

Best fitness [T Best individual [ Distance

[C] Expectation [ Genealogy [C] Range

[T] score diversity Scores [7] selection

[7] stopping Max constraint

[C] custom function:

This tool corresponds to t

Click to expand the sectior
corresponding to your task

Problem Setup and F
Froblem

Canstraints
Run solver and view reg

Options
Specify options for the Ger

Fopulation
Fitness scaling
Selection
Reproduction
Iutation
Crossover
Migratian
Caonstraint parameters
Hybrid function
Stopping criteria
Flot Functions

Cutput function

m

El Qutput functicn
}.I I—-|I il‘ 7E:|J-'-|' I? [ [ Custh function: c Display to command wi
s, Userfunction evaluatior|
Final point: [ El Display to cornmand window More Information
14 5 3 4 5 Level of display: :oﬂ User Guide
I 35.351’-| 6.1’-55| 31.588| 11.88:’-| 6.453) | |[_E User function evaluation Function equivalent  —
d Evaluate fitness and constraint functions: dlra | o . - =
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HHE 1x
gel  =F
[mm] =A™ 2x
A 2y
Al
A2
H =
= A3
[mm?]
A4
A5

0zt
=
MO
rot

2.6e4
414.09
1.52
-1.52
0.001
-0.004
32.26
6.45
30.39
10.77
6.45

22 Hof

2.6e4
414.02
1.52
-1.52
9.0e-7
-3.4e-6
32.23
6.45
30.39
10.74
6.45

9| X of

2.7e4

593.93

1.39
-1.39
-0.21

0.8
34.45

6.45
34.78
6.87
6.45

SERAED

2.6e4
414.10
1.52
-1.52
1.71e-5
-6.53e-5
32.23
6.45
30.38
10.74
6.45
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3 BAR TRUSS STRUCTURE
(TOPOLOGY + SIZE OPTIMIZATION)

: : : : 36
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Of xl: 5 BAR STRUCTURE

N ) .
@ B Material : aluminum
3 2 EbM 7| 4= : 68.95E4 N/mm?
ZQt£H| : 0.3
] a AlgFal e : 2.77E-6 kg/mm?3
a =254 mm
y
< L @_ N F,,=22.241 kN, F,,=-13.344 kN
|- ~ 1x ly
©) I Fp, = 4.448 kN
v a L.f
A 71
=X g Al 9} Referenced optimum values*
M 2k 2xfof B
MASH : 2o 228t
RN ESE ) T
X £|CH-S 2 413.684 MPa 0|3} . mm? 3226 645 3039 1077 645
B Z[HAXyEE) 1.524 mm 0|5}
6.4516 mm? < &I} EHHA < 64.516 mm? * A. Pospisilova and M. Leps, ACTA PLYTECHNICA, 2012
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2438
© 3R /LERY
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©EHE
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29 SHE/EA hH 2 2D
8%

2813

4\ O AEHOXN @ Npo1 x [

> midag
> Copyl
> 2tl

>Ry

e sl
HEEEET

|
[Nm-lcg—sec—] - ]
E8 M=KD 9306.65 mm/sec?

+ o881 $ois Q2N P 45
Lol CUCAHE O i O B2  Bzs
Ooe=n4 2 vacH # & =
el el @ Li2l FEEy 0IS/=M SHEA
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e 2@ wu
HAHOLL
S8l a@AdCet BAL @ATFEE O @ -9@
£
LE) ikl

€2) D#sleeplim_workivAt R 724 £ 9 SW10FAHRNFXD1 Lnx
< =HER
i

=
o

3

Awors

1€ ne
1& Aluminum (S2-4%) 1

HE 55

PrmEy

GG Q2RO

29 FHEE/ZA IS % 20

oy om 0l fifie) B  H PN L& e IR S

—
v
L‘ k4

4\ ASHOIA | 0 10.5ar s | () 105 Truss Optimized | ) NP0 | ) 5.acTruss | @ 5.bar.topology | €3 _Optimizeas_bar topologyt, () Npo11 x | @ _optimzeanoui | @ nooiz ] ’

EEE] ax

> OPTIMIZATION COMPLETED =

>

> [SYSTEM INFO]

> NUMBER OF THREADS 1

> MAXIMUM MEMORY USAGE : 150 MB

> AVAILABLE MEMORY  : 12960 MB

> TOTALCPU TME  ©1.002 sec

> WALL CLOCK TIME  :1.928 sec i

> TOTAL WARNINGS : 0 [

> <

[N < mm <10 e~
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RELATIVE DENSITY , None

+1.00000e+000
6%

———+9.17500e-001
6.3%

———+8.35000e-001
. °o

———+7.52500e-001
o

o

L +6.70000e-001
7.5%

5%
——+5.87500e-001

°o
——+5,05000e-001
6.9%
—+4.22500e-001
%

0%
—1——+3.40000e-001
e

4%
———+2.57500e-001
. °o
———+1.75000e-001
10.4%
—+9,25000e-002

20.6%
-+1.00000e-002

——
il
ml._l'
=L i
AE
I
0.01 0.3 1

C2at A 2 08

@ 3Oz EH =201

@ =L 0l

DB RN

ZJb
]
EER

Copvriaht © Computational Desian Lab

_All riahts reserved.

=
I
o

w

o
0%
ro

X
=]

SN o >
N

rE

I

e’

g

kel

rOl'

mn

rr

Mo O Hu
>l

Aok
o

43



,(r\jsu:-@Em - = S
ey mew - AR -HE -0 - e - 7 ox
@asn @2S0RE - [EEE T ERINEIET:I=,

A Buzngy - @ EH/E & 2 Exlh

ELT
) 5 =7
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m NCOAL BISP T

& 552288
@7 RSMOPT: CANDIDAT:

=@
= ECEEI
faz =3

V255318001

27661001

00000084000

ip 2E02 HERE S
« v J
o9 SIE/EA N4 B
LS 5 x
L -
As0
HEDIRY [-0] —
Hesl R
ug LT
AN
20|71 Fabe
Ay O e
HEN 1 .
[0ATA] Se Optmization, RSMOPT; CANDIDATE 3, 48 BEFMA (B2), [war] b, rm
LA AL ECT > )
1 @ AREOIA | ) 10 Bar Truss | 1) 10 Bar Truss Optimized | 3 MexDs | ) 5 8arTruss | ) 5.bar topology | ) _Optimaeas bar topologyt | M nexous | M) Optmueanpioiz, @) wexon x | ) cpte..s
sy o x
> - SETUP OPTMIZATION ”
> - RUN OPTIMIZATION
> BULDING RESPONSE SURFACE MODEL: COMPLETED
> FINDING OPTIMUM POINT: COMPLETED
> OPTIMIZATION COMPLETED
> [SYSTEM I¥0]
> HUMBER OF THREADS  : 1
e ] W CLOOCTME  :16.563 sac
Peady i 066,319 s <5, 759~262, 350 Zi0~0) Gi[3) N4l s3] TR T ) P
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SEEra1 1.7e+004 2.7e+004 2.6e+004 27e+004
M=t 7.1e+002 41e+002 | 4.1e+002 3.9e+002 G.1e+002
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=%|: EIGENVALUE %| X3}

* Weight (volume) minimization of a three bar truss

Modeling
a =254 mm
L Material : aluminum
Obijectives :

Initial value of each area

Areal: 645.16 mm?2
Area 2 : 1290.32 mm?

Minimize the weight of the truss

15t eigen frequency must be between
1,500 Hz — 1,550 Hz Upper and lower bound of section area

64.516 < Area 1 or2<6451.6
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