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e Lecture Goals
v' Bar truss T+X2| B 1] x
=He| K|+ X|HSE slStD N =40 [MIE A Z1IE &

At

« Contents
v" Beam design problem using Matlab

v' 5 bar truss X X| X[ X3}
: volume minimization problem
v' 3 bar truss X X| X[ X3}

: topology + size optimization
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BEAM DESIGN PROBLEM
USING MATLAB



Ol %l: BEAM DESIGN PROBLEM AR

F
+ M =40 kN -mm
V =150 kN
d _
(Ga )bending —10MPa
] b (Ta )shear = ZMPa
Minimize mass Minimize f =bd
b,d b,d
subject to subject to
(g, =o(b,d) < _ ( 6M
d, G( ) (Ga )bendmg g, = bd2 —(O'a )bending <0
9, = T(b’ d) - (Ta )shear 3V
<g3:d <2b gZ:ﬁ_ Ta)shearg
9,=b=0 lg,=d—-2b<0
gs=d =0 g,=-b=<0
g, =—d <0
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2, ol &7

M
J

Initial Optimum
400 4743416 MAH WA
200 237.1708
80000 112499.9928
-9.9850 -9.9910|<=0
0.8125 0.0000 <=0
-600 7115125 <=0
StA O A
SxSL U 2L
A | e | A e
(24 H=0f ciet e HEH)
{Jﬂﬂ Tk [ X
_II_I%T
S5 43 [$cs55| Ess
Ge [OZteM @320 O Nz BSY; =k 1
B 2 HEE) A H
3C853:5C854 5
3 ZH0 B0
S50 <=0 =
$C§57 <= 0 i
$C858 <=0 BaHO)
AL
TE=d 4RO
S HEFE
SI/REWD
MSHEIT] S HaE 20| 0t 2 27K
g %@ [oreHaz v| 24
|
H
e Z| & ot
QOIS B MTOE M 5 27| SR TFSIA S GRG Nonlinear B8IS HLITH
HIHE 2RO0| GHHAIS LP Simplex IS H=0iD H0H5(R| 222 HHBOE 248 o
27| 2H 0| (544 < Evolutionary RIS A=t
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MATLAB= 0| &%t x| X3}

« MATLAB2| Optimization tool 7| & 0| &
(A0 ‘optimtool’ EE&= OIO|2 4 )

MATLABL| Optimization
Tool= O|&5tH LYot &
HE O|&¢t A3} 7ts

Optimization
r‘k Optimization Tool - @J l = |8 éj % _E_X-” 9'- 7E|' Ol X-” QII:_XL ?_-I Ol
::b\eff‘lsitup and Results Options > (RAIE _HE_I-ill 9]' 7O:| 10— o-”,Eo D::_ll 7DI-
Solver: ifmincon - Constrained nonlingar minimization il [ = St.oppinq e _ T AE _é |_|_I_ N D.Tr;]l_l n CO n EOL-é- O |
Algorithm: -Cminrmrzatron W TN ° U:‘e df*fé“'t: e |-O Ol-D:| [ | T _7:” (A _l O-I
Problem pecify: EI==|| 7_| |__|. 7I(_-| O_:I| _jf_l &Il OH 7|_ .I.IE.|_9_

Max function evaluations: @ Use default: 3000

fminsearch - Unconstrained nenlinear minimization -
Objective {tminunc - Unconstrained nonlinear minimization

ot B2 'GA (genetic
algorithm)’' & At&

m

fseminf - Semi-infinite minimization

fsolve - Menlinear equation selving

fzero - Single=variable nenlinear equation solving
3 - Gel

Derivative: O Specify:

Start point X tolerance: @ Use default: 1e-10

Constrain"g
Linear inequalities: mincon - Constrained nonlinear minimization —
Linear equalities: [Ffminimax - Minimax optimization
EEmE Hfminsearch - Unconstrained nonlinear minimization
Nonlinear constraint unl £rinuing - Unconstrained nonlinear minimization
fseminf - Semi-infinite minimization

fsclve - Monlinear equation sclving

Derivatives:

Run sclver and view resul

Start rase [fzero - Single-variable nonlinear equation solving
Current iteration: ga - Genetic J|!|.'|g|jri1:|"|r|"| -
TITANges Jenanyg, =
Stop requested, = -
Objective function value: 27019 0543052685 ST T ——
Optimization terminated: average change in the fitness value less than U T R R B #= - Straine ele
options, TolFun -~~~ ) | FiveBar_optimizationm | + |
and constraint violation is less than options. TolCon. =N function [x, fval,exitflas,output, lambda,grad,hessian] = FiveBar_optimization(x0, |b,ub, Tol¥_Data)
2 %X This is an auto generated MATLAB file from Optimization Tool.
13 . [y
Hesd 4 %X Start with the default options FIIe_)Generate COde 7I o=

Changes applied, = | options = aptinoptions( fmincon'}; ol A 2l (= =
Optimization running, o § T Hodi T = = %OH —a EEE ﬁ%l- 7|-3
| Nhiective finction valus: 27307 NR4RIFARATR i odijivaoptlignegleatiling
4w Hes 7 - options = optimoptions(options, ‘Display’, 'final-detailed’);
Final point: ) a- options = optimoptionsioptions, ‘Tolk . TolX_Datal;

9- options = optimoptions{options, 'PlotFens’, { @optimplotx @optinplotfval @optimplotconstryiolation @optimplotfirstorderopt 1)

10 - options = optimoptions(options, "Algorithn’, ‘sop'):
. . [ B4 - [=.fval exitflag, output, lanbda, grad,hessian] = ...

« ]2 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);

Copvriaht © Computational Desian Lab. All riaghts reserved.



OPTIMTOOL 0| &

r-‘l Optimizaticn Tool - @J Elﬂlﬂﬂ

File  Help fmincon - Constrained nonlinear minimization -
Problem Setup and Results Trust region reflective T | | Quick Reference <
' =) o] T BT IE SN (I Interior point .
Solver: | fmincon - Constrained nﬁ'ﬁlna%tinﬁﬂ&n' I =By sqP fmincon Solver
) Find a minimum of a constrained
Algorithm:| QP RIS M st region reflective nonlinear multivariable function.
o
Froblem o T I = 0 Click to expand the section
IObjecti\re function: | @(x) x(1)*x(2) A I Max function evaluations: @ Use default: 100*numberOfvariables below corresponding to your
r 1 £ task.
Derivatives:  Approximated by solver M 7| M AI I} ©) Specify:
I Start point [11] I"' | = ’ HA = E. Problem Setup and Results
X tolerance: @) se default: le-6 » Solver and Algorithm
Constraints: = A= ) Specg » Problem
— " E5=4 (A ) 1
Linear inequalities: A[21] b: |[0] Function telerance: a Use default: 1e-6 } Constraints
Linear equalities: Aeq: beq: ©) Specify: » Run solver and view results
Bounds: Lower: | [0 0] Upper: HII = O! t-6-|'7l.
: : pper: = DrardineRdanc: = BAo) Use default: 1e-6 Options
Monlinear constraint function: | @beam_cons © specify » Stopping criteria
Derivatives:  Approximated by st Sk=| = x ] » Function value check
aaR _ H' = ?#ﬁ&ﬁﬂvﬂsint tolerance: @ Use default: 1e-6 U ed derivat
i o =L SFA b User-supplied denvatives
=3 [=)
Run solver and view results 7-'" * = I E_ =|'-|— specify: . o
b Approximated derivatives
Elag —— ~top Unboundedness threshold: @ Use default: -1e20 » Algorithm settings
Current iteration: |19 Clear Results ©) specify: » Plot functions
Local minimum found that satisfies the constraints. » ) Output function
[ =l Function value check
Optimization completed because the objective function is [E Error if user-supplied function retums Inf, NaN or complex » Display to command window
non-decreasing in
feasible directigons. to within the default value of the optimality [ = User-supplied derivatives Suggestgd Next Steps
tolerance, | = Overview of Next Steps
'] |and constraints are satisfied to within the default value of the 1 Validate user-supplied derivativ = When the Solver Fails
constraint tolerance. _ . - Ty . i .
Hessian sparsity pattern: @ Use default: sparse(ones(numberOf\ariables)) é‘he” thde dSoI\fer Might Have
X|&HSE T ucceede
v I — I- = I- Specify: »  When the Solver Succeeds
Final point: Hessian multiply function: @ Use default: No multiply function More Information
14 2 Specify » User Guide
33541 EC AT e ||| — <|| » Function equivalent
1 | 1 | r -
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GENERATE CODE 0| &

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~ 1L
U M40 P HOQX YooE £ I

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)

Copvriaht © Computational Desian Lab. All riaghts reserved.



MATLAB %|X 3} ZajZho| o|n|

== untitled

335.4102  335.4102
&11 algorithms:

1 First order optimality conditions gsatisfied.
0 Too many function evaluations or iterations.

fwal =
-1 Stopped by output/plot function,
| 19508405 -2 Mo 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.
Interior-point and sqp:
-3 Problem seems unbounded.

out put

(]
0l

DcSE TEEE gtruct:

iterations: 19
funcCount @ B0
algorithm: "sgp’
message: ‘Local minimum found that satisfies the constraints. '
constrviolation: 2. 4825:-13
stepsize: 9.9144e-05
lssteplength: 1
firstorderopt: 3. 1236e-06

: : . : 10
Copvriaht © Computational Desian Lab. All riaghts reserved.



MATLAB 2 E

bt
= 3y
ro ot
|

LU >

I o2
|m Ot
rr

Ao
AlLHO] Lot
st A2 E

A% Start with the default options

options = optimoptions( fmincon’d;

XX Modifv options setting

options = optimoptionsioptions, Display’,
options = optimoptions(options, "Alaarithm’,

x0 = [B00 5001 ; % Start point
[x,fval,exitflas, output] = ...

“final-detailed );
‘sqp)s o %

fmincon{@(x) =(1)+x(2),x0,[-2 11.[0],[1.11. [0 D],[],Dptinns)

funstlon s g1 Fea corato)]

M= Ae7: % Nnm
Y = 1Bed; & H
sig_a = 10; ¥MAmm"~2
tau_a = 2; %W mm" 2

b =xi{1);
d = =(2);
cl1) = G+M/b A" 2-sia_a; %al

c(2) = 3+%/2/b/d-tau_a; %32
ceq=[]:

A% Plot

[bb,dd]=meshgridi0:700,0:1000 ;

cl = B+M./bb. A{dd."2)-sig_a;:
cZ = 3N/2, /bbb, Add-tau_a;
3 = dd-Z+bhb;

[x, fval] = fmincon(fun,x0,A,b,Aeq,beq,lb,ub,nonlcon,options)

X: design variables
c: inequality constraint
ceq: equality constraint

contour(bb,dd,c1, [0 OI, b );text (100,500, ‘91", ‘calar', "b" )idrawnow;

hold on

contour{bb,dd,cZ, [0 O], 'm');text (150,850, '92', 'color ',

hald on

‘m" ) ;drawnow;

contour(bb,dd,c3, [0 OI, v );text(400,800, 93", ‘color’, v )idrawnow;

hald on

plotf={1),=(2), 0", ‘colar’, 'r' Yidrawnow;

Copvriaht © Computational Desian Lab. All riaghts reserved.
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5 BAR TRUSS STRUCTURE
(VOLUME MINIMIZATION PROBLEM)

EE A



o X|: 5 BAR STRUCTURE

Material : aluminum
Et A %= : 6.895E4 N/mm?

=4
D = N Zob&H| 0.3
@ T =l 2k O] 3
3 5 =T => : 2.77E-6 kg/mm
a =254 mm
1 a F, = 22.241 kN, F}, = -13.344 kN
F,, = 4.448 kN
y
X 1 D N Referenced optimum values*
- - oy
©) '
| a |~ C}H X
/1 71 -0 3226 645 3039 1077 645
[mm-]
* A. Pospisilova and M. Leps, ACTA PLYTECHNICA, 2012
A ol H ] (1) A o H (2) A ol H| (3)
HAH= Zb "ol oHH A
A5 20 z| Azt
HQFx=A: Hxf x| 413.684 MPa O[3} - 413.684 MPa 0|35}
1.524 mm O|Sk(x,y dir)

=
Hefx=d. 2d 2o

1.524 mm O|S}(x,y dir)

Alotx; B3 CHEH

6.4516 mm2 < £X TFHZE <64.516 mm?

14
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Tool
Post
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X0 =%l 5-bar truss
A A
o O

fle Edt View Collectors Geomety Mesh Connectors Materisls Properties BCs Setup Tools Mophing Optimization Post XyPlots Preferences Applications Help

RGeS % SR SLOLALAER AA+ T Bir-

usiy | Mask | Model | e
LY TLE
= T - x|l T
g ‘8- K
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Enties 10 @ [Inchae
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i@ Compormats (5) ®»
08 Thes (1)
B Moo 101 0 ®
> (0,0,0)
] A
o
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E ( 1~
=
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! 1
(0,254,0)
-
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notohi R@S ?i12w -0 @-@8imw -G PO Wi
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Mame

Salver Kewyard
M arne

D

Color
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Defined

Card Image
Uszer Camments

Value

AT
rmateriall
1

[t azter Model]

M.fl‘-.T'I
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0.3
2.7 7e-00B

D sg Plopertles (51
g propertyl
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M arme
I
Calor
Include
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Hide In Menu/Esport

¢Unzpecified:
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B0 =T Aluminum
S4%| 3
| (7% : 6.895E4 N/mm?
IQoFSH|: 0.3
LT : 2.77E-6 kg/mm?3)

5702] PROD E4 MM
(R7| SHHA - 20 mm?)
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File Edit View Collectors Geometry Mesh Connectors Materials Properties BCs Setup Tools Morphing Optimizati Post  XYPlots

B % S e GLOLIALAGR

Uity | Mask | Model |

FRreEe®®

| Q-
W-%2%% oW 1P
Entities | ID @ |Include A
(e, Assembly Hierarchy
@ Cards 1)
(@ Components (5)
o b 1 0
1R 2@ 0
1R N | 0
[e=)=: R +@ 0
W b5 sm o
g+ Design Vaiables (5]
£, Desi le Property Relationships (5)
%, Lo
[ Load St
T Materials (1)
[T materiall 10 o
Tl Obiectives (1)
{4 Optimization Constraints (5)
3 Optimization Responses (6]
45 Propetties (5)
i propertyl 10 0
i@ piopeity2 2@ 0
A propeyd 3@ o
%@ propertyd « M 0
LA propeys s@ 0 v
[Name Value
Name bl
[} 1
Color m
Include [Master Model]
Property (1) propertyl
Material (1) mateiall
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¢ includes
pans

*9@Runad

B SFEE

HAt O Bir-

Help

| « | elems

4

dest component =

°l 1D CROD 22

1D> Elem types> rod>
CROD &4

Node == HX[57] ¢
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= |
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F,, =22.241 kN ,
Fy, = -13.344 kN
Fpy = 4.448 kN

* Tool -> eadges ->
tolerance -> equivalence

FORCE =13350.0

FORCE = 22250.0



I(o‘ generic relationship

| function relationship
- ——— -

generic relationship
function relationship

‘Analysis’ -> ‘optimization’
-> size(parameter) 2 &5}
of Bi% A4

initial value =

lower bound =

upper bound =

4>

move limit default

4

no dcval

I. properyl

10 property?

1l property3

1l property4

'l property5

Copvriaht © Computational Desian Lab. All riaghts reserved.
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‘Analysis’ -> ‘optimization’

-> 'response’ = &l

L

@ response = | T 1 x
oy

response type I

ZQIE 1, 20| Chet 2 H
C

I
i
________________________________ i —?—l %I:II_ Aé'g (TX, Ty) 47H
|
I
|

1
1 v static displacement [l 1 nodes 14 ] & dofl :
. R S RN BN NN BN BN BN BN NN BN BN SN BN BN NN SN RN AR SR S : l— numbers - d0f2 I
1 codofs )
: ¢ totaldisp | A 5L o34 ort
e o =l MAH 20 Cst 53 S
278
WV propertyl |
VO property2 .
H T ©
VBl property3 A 2o 35 2738
VIl property4
response = | s t e 5 5 _ VIl properys :
S l response type I
E-_v-j---------_st-an-c_stTeES- --------- : Z props -I—‘l :
excluding: :
elems | 14 | |
|
|
|
|
|
|
|
|
@ I
response = | I :
o o R |
volume v | total ::
:
|
|
|
|
|
|

: : . : 21
Copvriaht © Computational Desian Lab. All riaghts reserved.



——————————— =
constraint = [ cs _ mpmess ]

e L
L. __________________________ I Ej.T1y
O T2x

——@-[.-ZL-.-.-.-.-.-.-.-.-.-.-.-——

O stress -

B e’

v loadstepl

o ——————— [ ————
@I loadsteps I4 |
i
1
1
I

v | min l response =

RESTARTW
RESULTS

SENSITMITY

SENSOUT
SHAPE
SHRES
inputfile: |<<day9/5 b ar s tructure{fivebartruss s f em
i 0 —— - - L] .
export options: run options: memaory options:
v | all ! v | optimization | ! s | memory default
o o o o o e e |
[~ include connectors options: |

Copvriaht © Computational Desian Lab. All riaghts reserved.

‘Analysis’ -> ‘optimization’
-> ‘dconstraints’ 2 &

1

response’O| M S &

Mel

1

loadsteps’ &7
FoS= Motz 28
‘Analysis’ -> ‘optimization’

-> ‘objective’ 2 &

21 50t 4

‘control cards’ -> ‘screen’
sk B}
= O

x| X =}

SH
o

1
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g8 edit Out File C:/Users/cdl/Desktop/day9/5 bar structure/fivebartruss_stressonly_004.out
File Edit

ITERATION 4
Soft convergence criterion satisfied;
the design did not change during the last iteration.

Objective Function (Minimize VOLUM) = 2.58462E+04 % change = 0.00 |
Maximum Constraint Violation % = 0.48704E-02 I
1 [Volume = 2.58462E+004 Mass = 7.15939%E-005 1
i R R S R R

Subcase Compliance Epsilon
1 2.708683E+04 0.000000E+00

f[Note : Epsilon = Residual Strain Energy Ratio.

RETAINED RESPONSES TABLE

[Response Type Response Subcase Grid/ DOF/ Response Cbjective Viol.
User-ID Label /RANDPS Element/ Comp Value Reference/ %
/Model MID/PID/ /Reg Constraint
+Frqgncy Mode No. Bound
/Times

VOLUM vol S -- TOTL 2.585E+04 MIN

STRES stress 1 4 Sh 4.137E+02 < 4.137E+02
STRES stress 1 3 Sh 4.134E+02 < 4.137E+02
STRES stress 1 1 Sh 4.125E+02 < 4.137E+02

o oo
o oo
o e

Design Lower Design Upper :
Variable Bound Variable Bound 1
Label

1

x1 €.452E+00 3.237E+01  6.452E+01 1
x2 €.452E+00  €.452E+00  6€.452E+01 1
x3 6.452E+00 3.044E+01 6.452E+01 I
x4 €6.452E+00 1.076E+01 6.452E+01 I
x5 6.452E+00 €.452E+00 6.452E+01 1
1

| R e R S R R EE R

o
>

Barl Bar?2 Bar3 Bar4 Bar5

@ Convergence history for <test01_1.fem=> x

3.2e+004

3e+004

2.58e+004

Lin

<

2 Iter
T T T 1

x|[= |ObJFuanimizeVOLUM v| Subcase: 1 Close
'

|
Reference (vol = 2.664 mm3)
HM (vol = 2.6e4 mmxfb)

23
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o
.
T 29| y3 wrr #1917}

! (|Ty|>1.524mm)

4
Static Max. Malue = 413.700

* & Measures > Add
(Measure Group 3) =

Relative Displacement 41 Ef
> X, Y §|2 > Nodes E&

2
Global
hag=2.154
X=1520

. ¥ =-1526




‘Analysis’ -> ‘optimization’

» -> ‘dconstraints’ =5
|
----------- = I 1 1
______ oz ____ (o1 ___ e | ‘response’Of| Al He| SE
v Ower bound = 2 |-- ---------------- -I A EH
:g Lpperioun2= H 1 3 : ; Zjl : E T1x : : I_-| —
S S S R S R S J 1 ET.‘}"‘ 1 l
I ETZX 1 1 1 A—| I—'
I | ‘loadsteps
O T2y [ I P
Tl stress r N
& vol ZCHHS| Motz 23
| s et
@I loadsteps
i T 4702 HY Hz=H
: v loadstepl
1
, S — S
: = " “{’Analysis’ -> ‘optimization’
v | min l response = T
-> 'objective
SRUE-ES-EEs
RESTARTWY
ESULT ,

1 1 1 1
SENSTMITY control cards’ -> ‘screen
- —
SHAPE =t Mo}
SHRES
inputfile: [« <«<day 3 /5 b ar structure/{fivebartruss . fem Xx'l-l- AL |
SH
. o ——— — — — ————— - 2 . —|-| —|2|' T o
export options: run options: memaory options:
v | all ! v | optimization | ! s | memory default
o o o o e e e e Ll

[~ include connectors options: |

: : . : 25
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2215t A A
# Edit Out File C:/Users/cdl/Desktop/day9/5 bar structure/fivebartruss_disponly.out \ eW-OUt = —1 o o =

File Edit

ITERATION 5

Soft convergence criterion satisfied; 7 I‘

the design did not change during the last iteration. HA
S
Objective Function (Minimize VOLUM) = 2.50395E+04 %$ change = 0.00 I
Maximum Constraint Violation % = 0.00000E+00 I
livolume = 2.50395E+004 Mass = 6.93595E-005 |
S R R S R R R R R S S R R R S A

Subcase Compliance Epsilon ZAI-

1 2.880640E+04 0.000000E+00

fNote : Epsilon = Residual Strain Energy Ratio.

RETAINED RESPONSES TABLE @ Convergence history for <test01_2.fem> X
Iteration=5 value=24952.3
[|[Response Type Response Subcase Grid/ DOE/ Response Cbjective Viol. T
Usexr-ID Label /RBNDPS Element/ Comp Value Reference/ %
/Model MID/PID/ /Reg Constraint
+Frgncy Mode No. Bound
/Times
6 VOLUM vol o -- TOTL 2.504E+04 MIN :
1 DISPL Tlx 1 2 X 1.517E+00 < 1.524E+00 0.0 2
2 DISPL Tly 1 2 TY -1.517E+00 > -1.524E+00 0.0 2
4 DISPL T2y 1 3 X 8.118E-01 < 1.524E+00 0.0
3-------------------------l B R R PP e R PPN EPPPPPEPER v
Design Design Lower Design Upper l :
ariable Variable Bound Variable Bound 1
iDp Label 1
1: X 6.452E+00 3.152E+01 €.452E+01 I
2 x2 6.452E+00 €.452E+00 6.452E+01 1
3. ‘%3 6.452E+00 3.184E+01 6.452E+01 I
4 x4 6.452E+00 €.452E+00 6.452E+01 I
5 %5 6.452E+00 6.452E+00 6.452E+01 1
e e e e e e ——————— o ] , -
s lter
T T T T d
4'0 Lin || <|[x| > |0bjFun:M\mmizeVOLUM v‘ Subcase: 1 Close
-
p: |
. —_—
£ : Reference (vol = 2.6€4 mm?)
= 20 |
-
Rt : HM (vol = 2.5e4 mm3)
B 10 +— |

|
|
Barl Bar?2 Bar3 Bard Barb l
|
|

26
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4
Static Max. Value = B32.188

* & Measures > Add
(Measure Group 3) =

Relative Displacement 41 Ef
> X, Y §|2 > Nodes E&




‘Analysis’ -> ‘optimization’

¥ -> ‘dconstraints’ =5
|
----------- = I 1 1
______ oz ____ (o1 ___ e el | ‘'response’0l A S& B ©
s L e SRS -
7 — = [ -rrtu [ Mo T 9l SE U
D e ———— 3 : B Ty 1 |
1 ETZX : L, 1 A—I I‘|
| ‘loadsteps
B T2y I I P
O stress :
E vol B ZCHEHP] Hotz=d 273
| s et
@I loadsteps
i S 571l e HFx
: v loadstepl
1
, S — S
: = " “{’Analysis’ -> ‘optimization’
v | min l response = Y
-> 'objective
20 z|azt 273
RESTARTWY
ESULT v

1 1 1 1
SENSTMITY control cards’ -> ‘screen
- —
SHAPE =t Mo}
SHRES
inputfile: [« <«<day 3 /5 b ar structure/{fivebartruss . fem Xx'l-l- AL |
SH
. o ——— — — — ————— - 2 . —|-| —|2|' T o
export options: run options: memaory options:
v | all ! v | optimization | ! s | memory default
o o o o e e e e Ll

[~ include connectors options: |

: : . : 28
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'2al8le s A
# edit out File C:/Users/cdl/Desktop/day9/5 bar structure/fivebartruss_003.out V eW.OUt = o o =
File Edit

LTERATION g
Soft convergence criterion satisfied;
the design did not change during the last iteration.
Obj-ective Function (Minimize VOLUML e = 0.00 HA
T A L —— -
Maximum Constraint Violation %
Volume = 7.15870E-005 |
1
L Subcase Compliance Epsilon 1
o g e o - 7I-
[Note : Epsilon = Residual Strain Energy Ratio. HA
RETAINED RESPONSES TABLE
Response Type Response Subcase Grid/ DOE/ Response Objective Viol. @ Convergence history for <test01_3.fem> X
User-ID Label /RANDPS Element/ Comp Value Reference/ % Iteration=4 value=25817.6
/Model MID/PID/ /Reg Constraint S S S B S S S S S B S S S S S S S S S
+Frgncy Mode No. Bound
/Times
6 VOLUM vol == -- TOTL 2.584E+04 MIN
1 DISPL Tlx 1 2 X 1.523E+00 < 1.S524E+00 0.0 &
2 DISPL Tly 1 2 TY -1.519E+00 > -1.524E+00 0.0 &
5 STRES stress 1 4 SA 4.137E+02 < 4.137E+02 0.0 & 3.26+004
S STRES stress 1 3 SA 4.128E+02 < 4.137E+02 0.0 & ’
5 STRES stress 1 1 SA 4.134E+02 < 4.137E+02 0.0 &
3 -_-----_--------_--_-----I 3e+0041 -5
*VDesign Design Lower Design Upper I
ariable Variable Bound Variable Bound 1
ip Label
1 1
1 1 x1 €.452E+00 3.229E+401 6.452E+01 I
I 2 x2 6.452E+00 6.452E+00 6.452E+01 1
I 3 x3 6.452E+00 3.050E+01 6.452E+01 I
1 4 x4 6.452E+00 1.07SE+01 6.452E+01 I
I 5 x5 6.452E+00 6.452E+00 6.452E+01 1 2 58e+004
U | 2 Iter
T T T 1
4.0 Lin || <||x| = |ObJFur|:M|n|m|zeVOLUM v| Subcase: 1 Close

|
|
: Reference (vol = 2.6€4 mm?)

T . ~ |
o, | *HM (vol = 2.6e4 mm#)

o

|
|
Barl Bar?2 Bar3 Bard Barb l
|
|

: : . : 29
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2 U WYX BF UE

oot 0jo

4
Static Max, Value = 413.674

* & Measures > Add
(Measure Group 3) =

Relative Displacement 41 Ef
> X, Y §|2 > Nodes E&

2
Global
X=1523

¥ =-1519




E I [mm3]
Z|CH S E[MPa]
AHHE 1,x
H Q) HE 1y
[mm]  EH 2x
H2HE 2y

Al

A2

H = e

[mm?]
A4
A5

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

ro

(1)

So H|ot
2.6e4
413.70
1.52
-1.53
0.001
-0.002
32.37
6.45
30.44
10.76
6.45

(2)

9] Kot
2.5e4
632.19
1.52
-1.52
-0.21
0.81
31.52
6.45
31.84
6.45
6.45

(3)

=ERCE

2.6e4

413.67
1.52
-1.52

-0.001
0.005
32.29
6.45
30.50
10.75
6.45

Copvriaht © Computational Desian Lab. All riaghts reserved.

HyperMeshE 0| &3t X|==
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v
4\ Optimization Tool

=) =216 s

fmincon - Constrained nonlinear minimization

Trust region reflective

File  Help

ke
Problem Setup and Results _*_I I_'!gl‘ °E|-J_I— E.I %
Solver: :fmincon - Constrained nonlinear minimization -

Algorithm: ISQP

Problem

{Trust region reflective

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 an evaluations: @ Use default: 100*numberOfvariables
AP

| 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| S A
Xzt Zat

m

-

Derivatives: :Approximated by solver x| | Specify. 5000
Start point: kands.1+64.516+0.9)-6.4516 |A ﬂtouqﬂ 7t @ Use default: 1e-6
Constraints: © Specify: |1e-15
Linear inequalities: AN b |0 Function tolerance: @ Use default: 1e-6
Linear equalities: Aeq: |11 beg: (N HAO ZF & e |1e
H 0| AAZL © specity 10
Bounds: I Lower: |8.4516*0nes(5,1) Upper: |64.516*0nes(5,1) TR T @ Use default 1e-6

1 'J—'T—}_?j ﬁlﬂi Specify: [0.01
%p%lg-éhtr ;n?s: @ Use default: 1e-6
LA

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

Copvriaht © Computational Desian Lab. All riaghts reserved.
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I [mm3]
| S = [MPa]
™ 1,x
[mm] =™ 2x

HE 2y

Al
A2

A
2

i) A3

A4
A5

E_I_
A B

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

(1) (2) (3)

SE N BeI MY & d

2.6e4 2.5e4 2.6e4
413.68 632.33 414.70
1.52 1.52 1.52
-1.52 -1.52 -1.52
3.92e-7 -0.21 -8.30e-6
-1.50e-6 0.81 3.19e-5
32.26 31.37 32.26
6.45 6.45 6.45
30.41 31.67 30.41
10.75 6.45 10.75
6.45 6.45 6.45

Copvriaht © Computational Desian Lab. All riaghts reserved.

MATLABS| fmincon &H 9]
42 '1'755% ol 2ot &

2| 5SS AFEotH 37 47t

‘Interior point’, 'SQP’
‘Active set’ 37tX|0|0{, &
=Xl % Ao X0
7t 9e ':'E 7|E°E £
U}= ‘Interior point'E 0| &
St 7E=|J__||. o|_9_o|-

—

= =X0 H& 7tset S E
o

1 Zo1o Zutet FAreh
ZitS LIEHH
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Problem

Fitness function: @(x) ((1)+x(4)+X(5)+x(2)*(5qrt(2)) +x(3)*(sqrt(2)))*254

Murnber of variables] 5
A |
Constraints: = #
Linear inequalities: Al b: |0
: . . . =~
Linear equalities: Aeq: |1 beq: |1 I..!
Bounds: I Lower: |6.4516%cnes(5,1) Upper: |64.516%0nes(5,1) I
Menlinear constraint function:l @FiveBar I
Integer variable indices: ?_ _J_.:_ = 7d HI I*_!
Run solver and view results % _?_I '61- -O;I‘_¢_
—_
[T] Use random states from previous run (?}_6" *—-II E'éé'

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,

s

) Specify:
Stall generations: @ Use default: 50
T /T O speiy
Stall time limit: @ Use default: Inf
20 7k .
'I‘—I 732" HA' Specify:
Stall test: :average change

Function tolerance: @ Use default: 1e-6
) Specify:
Constraint tolerance: @ Use default: 1e-3

) O Specify:

[ =1 Plot functions

Plot interval: 1
Best fitness [T Best individual [ Distance
[C] Expectation [[] Genealogy [T] Range
[T] score diversity Scores [7] selection
[7] stopping Max constraint

[C] custom function:

e e —

Copvriaht © Computational Desian Lab. All riaghts reserved.

[ = output function
X| S A =
-'-I I_I gl- EJ-"I- - | || £ Custor function:
F s 4
Final point: (= Display to cornmand window
14 2 3 4 5 Level of display: | off
35.354| 5.455| 31588 11.884| 6.453) |[[_E user function evaluation
d b

Evaluate fitness and constraint functions:

m

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
Display to command wi
Userfunction evaluatior|

More Information
User Guide

4\ Optimization Toal - 5 L LEJ E@I&Jw
File  Help L .
Problem Setup and Results }-I A—-I| 2" UErJl r-l'l % Options Quick Reference <=
T " - 1 ) Specify: - -
Solver: | ga - Genetic Algorithm ~ R Genetic Algorith

m

Function equivalent

[l | 3
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MATLABS O]

GAS| BF = A
oA 2E 220 ZE|7|

(1) (2) (3)

.

i
A0 2d 23 N Y N 2% & WS | youze avs ey
£ I|[mm3] 2.6e4 2.6e4 2.7e4 2.6e4 i 1 Dsi0| Zatol QAFSH
A0 234 [MPa] 41409 41402  593.93 41410 | ZIHE LERY
28 1x 1.52 1.52 1.39 1.52 i S Mot 2XO B #9)
W TH1y  -152 -1.52 -1.39 152 | oo e qoatS ok
[mm]  HFE2x 0001 9.0e-7 -0.21 171e-5 | = ASEF XS

MF2y  -0004  -34e-6 0.8 653e-5 |
AT 32.26 32.23 34.45 32.23 .
a2 645 6.45 6.45 645
[EHTZ] A3 30.39 30.39 34.78 30.38 .
A 10.77 10.74 6.87 1074
AS 6.45 6.45 6.45 645
|
|
|
|
|
|
|
|
|

: : . : 35
Copvriaht © Computational Desian Lab. All riaghts reserved.



2 H|: EIGENVALUE | %3} .

* Weight (volume) minimization of a three bar truss

Modeling
L1 LS LA
a =254 mm
L Material : aluminum
Obijectives :

Initial value of each area

Minimize the weight of the truss
g Area l: 645.16 mm?2

. 2
1st eigen frequency must be between Area 2:1290.32 mm

1,500 Hz — 1,550 Hz Upper and lower bound of section area

DA AHolA T
EMIHiHMI AL'_)EEE )) 64.516 < Area 1 or 2 < 6451.6

: : . : 36
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3 BAR TRUSS STRUCTURE
(TOPOLOGY + SIZE OPTIMIZATION)

: : . : 37
Copvriaht © Computational Desian Lab. All riaghts reserved.



o X|: 5 BAR STRUCTURE

® B
@ R
3 2
4 a
y
x [ ON
|~ - = -
©) I
v a L
A 7]
=X " A 2}
M4 2t 2Xfo| EHI
A=A 2o XAzt

MAXMLEA
BEX =|c-s3 413.684 MPa 0|5}

HM Z[CHH -°r|(x y2sH) 1.524 mm O[5}
6.4516 mm2 <27 EtHA™ < 64.516 mm?

Material : aluminum
EtM A4 : 6.895E4 N/mm?
IRt&H| 0.3
A LE - 2 77E-6 kg/mm3
a=254 mm

Fi = 22.241 kN, F,, = -13.344 kN

Fp, = 4.448 kN

Referenced optimum values*

o1 &

[mm?]

* A. Pospisilova and M. Leps, ACTA PLYTECHNICA, 2012

3226 645 3039 10.77 645

38
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kB % Sm i el

vty | b | Model |

LA A A

Name Value

Kegwors371_R80
Madmo?d
MarcD
NastaritsT
[PamciashaG2016

Lediedieielieie

rohh- R@S T e

AR S P

§ @ e aBik

nodes lines. | suraces solids quick edit
node edit line edit | surface edit solid edit edge edit
temp nodes. length | defeature ribs point edit
distance midsuface autocleanup
paints dimensioning

£

DEFDEFNEY

Geom
1D

Anclysis
Tool
Post

OptiStruct

=, OK



k@S % Sh R eLPLILIER GGt O s

Uiy | Mask | Model

|
EETYIY Y

a

CRE R oW Ra®e
Entities 1D @ |Include
71-[g, Assembly Hierarchy
2-1@ Cards (1)
1@ Components (1)
HE# auot 10 0
¥+ Design Variables (1)
2 Load Collectors (2)
@ spe 1l 0
gEn 2@ 0
1 T Load Steps (1)
5. Materials (1)
-1 Objectives (1)
u Optimization Constraints (4]
7§ - Optimization Controls (1)

A [l
]TEITH m

[*9pEanran:

SR

|

K |

Name Value

P v R

€=

254*254 fg ™

M=Z aluminum
(Bt A== : 6. 895E4 N/mm?2
&ﬂ%m.

= 2.77E-6 kg/mm3)

PSHELL > 57| 5.5 mm,
A 371 10 mmol &t 2



Al A
oo

Zof 7l

22.241 kN ,

13.344 kN
4.448 kN

lx:

o
F

Fiy
Foy

Load step

8]
SNJICS IS UBSURS IS ._/ ™~. __/ __/ ._/ _7.._/,._/ __/ __/.._/.__/ _./.._/.__/._
i 5N N RN
aptt U SAS A .:/ =/ _/ __/ 7.__/ _7 ._/ .z/.m/,.
| 1
] ; :
i & w
n. m.
T 1)
i 3
NS AN &
He i i
SIS IS o
R 3
SN !
i st i i
i i
SR Y R
i i i i )
1 &) 8 )
| B i
Sl i 3 3
KIS IS
i~ i
i~ i i
S e AN,
i i i
| | i)
| ¥
Gl b 3
ARSI IS SIS LG
3 3 3
d 5| !
i i
|
m;”.
g e o P P
IS IKISIKISISSH IKIKIKIKIKIK
\.w_u-\‘“, ;s\s.\;\.\,\, 5




‘Analysis’ -> ‘optimization’
-> 'topology’ = &l510] H

@ [
+ create desvar = X 1 props II

A A A
& T
¢ update [ lattice optimization 1 1
©  parameters ____Ir;e. ______l__l -l -------------
C draw v PSHELL 2 hase thickness = 0.0 MM A = 0O ol M
€ extusion : 1 A8 0|F X EHel 2%
¢ pattern grouping 0 . ———— ———— - - - ]
¢ pattern repetition

VIl propertyl

‘Analysis’ -> ‘optimization’

-> 'response’ = &

9 response = | T 1 x ¢
a
o s

-

oFf A
response type | _7F_O|_|E 1, 20“ EHOI_" EIIZ-I| E
C

1
1 v static displacement [ 1 nodes _I_4_| & dofl : —?—l %I:I}- Ae'lxo" (T)(, Ty) 47H
: [T numbers ¢ dof2 1
1 codofi )
: £ totaldisp-:
L e e L @Volume fraction AE-lxo_i
|
| H1] ©C
| A 2o 85 43
|
|
|
|
|
3 response = | v o I _ I
ot responsEtypE ) l
I = volumefrac 1 s total |
B e e e e e e e ] |
|
|
|
|

: : . : 42
Copvriaht © Computational Desian Lab. All riaghts reserved.



‘Analysis’ -> ‘optimization’

¥ -> ‘dconstraints’ =5
|
----------- = I ] ]
______ oz ____ (o1 ___ ST | ‘response’Of| Al He| SE
= R @ vof | A
B ittty 4 i O Tix i |
I @y ] | 'loadsteps’ 278
@: DTZX 1
1 1 o
| 812 : oS Mot=Ad 273

v | min l

loadsteps I4 |

v loadstepl

‘Analysis’ -> ‘optimization’

opti control
constr screen
lattice params

response = | v o I o ,

-> ‘objective’ 2 &

|

|

JCRE PSSk

|

|

|
‘Analysis’ -> ‘optimization’
-> ‘opti control’ 7|23t A

S |

~
o

inputfile: [« <day 9 /5 b ar st ructure

{f i vebartruss f em save as..

i 0 —— - - L] .
export options: run options memory options: o P

v | all ! v | optimization | ! s | memary default $| ~ gl. A SH

e pp——— ! -1 T o

[ include connectors options: |

: : . : 43
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Cptimization summary:

@ Convergence history for <test02_1.fem=

Max = 1.000E+10
2D 487

Min = 1.000E-02
2D 457

Lin || <|/x || > ObjFun:MinimizeVOLFR | Subcase: 1

Result type: __' Selection: Averaging method:

Element Densities (s) - v Components “ INone =
Density v Resolved in: I~ Varation< [ 10 [Z]I - ool
Loyrs | B 4 b Averaging Optiens

Envelope trace plot:

™ Use comer data

None b

Copvriaht © Computational Desian Lab. All riaghts reserved.
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r—

e

(Minimize VOLUM) =

2.18683E+04

Objective Function
MR Tt CUN St raT It =V atron =y = = == "UT r2ouve=os——

|% change

0.00

Volume = 2.18683E+004 Mass = 6.05753E-005
Subcase Compliance Epsilon
1 2.711363E+04 2.683505E-16
Note Epsilon = Residual Strain Energy Ratio.
RETAINED RESPONSES TABLE
Response Type Response Subcase Grid/ DOF/ Response Objective Viol.
Usexr-ID Label /RBNDPS Element/ Comp Value Reference/ %
/Model MID/PID/ /Reg Constraint
+Frgncy Mode No. Bound
/Times
& VOLUM vol - == TOTE 2.187E+04 MIN
1 DISPL T1x 1 2 X 1.523E+00 < 1.524E+00 0.0 &
2 DISPL Tly 1 2 TY -1.522E+00 > -1.524E+00 0.0 &
5 STRES stress 1 4 SA 4.137E+02 < 4.137E+02 0.0 &
5 STRES stress 1 3 SE 4.134E+02 < 4.137E+02 0.0 &
5 STRES stress 1 1 Sh 4.136E+02 < 4.137E+02 0.0 &
T )|
Design Design Lower Design Upper :
Variable Variable Bound Variable Bound 1
iDp Label 1
________________________________________________________ 1
1 X3 6.452E+00 3.228E+01 6.452E+01 :
2 x2 6.452E+00 3.045E+01 6.452E+01 1
3 x3 6.452E+00 1.076E+01 6.452E+01 1
ey ety s ety et

@ Conw

246

152

rergence history for <test02_3.fem> X
Iteration=3 value=1.52347 (id=2_X)

|Ma:-:Disp

46
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£ I [mm?3]
Z|C S [MPa]
A 1,x
e =B 1Y
[mm]  HH 2x
H2HE 2y

AT

A2

A

[Er;] A3

A4

A5

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

ro

(1)

S WY
2.2e4
413.68
1.52
-1.52
0
-0.001
32.30
30.43
10.76

(2)

#9] X9}
2.1e4
689.75
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