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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



Ol %l: BEAM DESIGN PROBLEM AR

F
v M = 40kN
V =150kN
d _
(O-a )bending _1OMPa
] b (Ta )shear = ZMPa
Minimize mass Minimize f =bd
b,d b,d
subject to subject to
g1:O-(b’d)S((7<'=1)bending gl: 6|\/|2 —(O' ) <
bd a /bending
gZ = T(b’ d) < (Ta )shear
105 = d<?2b 9, 2bd ( )shear -
9,=b=20 1g,=d-2b<0
9;=d =0 9,=-b<0
g.=—d <0
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MATLAB= 0| &%t x| X3}

C MATLABZ2| Optimization
- MATLAB2| Optimization tool 7|58 0|& P AN
)

(A0 ‘optimtool’ EE&= OIO|2 ¥ HZ 0|23 XM} 7t

Optimization
r - i
4\ Optimization Toal [“::)J l':' El éj % _E_X-” 9'- 7E|'O| X-” QII: II ?_-I Ol
File  Help ol O |O| s Ke) ||_ n] A"
Problem Set 4 Result oot AA:I_'X-I—' OIO1|_ |_|D
roblem Setup and Results ptions > .
H}O]| =R |
- = —— — [ El stopping criteria |« E 7| I_I-— fmlncon = L'é'o
olver. | fmincen - Constrained nonlinear minimization Sl _ ) o
Algorithm: fmincen - Constrained nonlinear minimization Max iterations: © Use default: 1000 Al’% O |' D:i D|_I |7:|I-E 7:” A|_|- O | O-I
fminimax - Minimax cptimization Y Specify: 4 I
pecify: (== | -I |— A *l ~ H |- |
Problem fminsearch - Unconstrained nonlinear minimization = ) =] 7 L' I_-I o B i | o 7 = -9-
Objective {sminunc - Unconstrained nonlinear minimization I Max function evaluations: @ Use default: 3000 -Cl)_l_ 7:| o ,GA t
Derivative: fserninf - Semi-infinite minimization D Specify: £ - O1 (gene IC
fsolve - Nenlinear equation selving al Orlthm)l = Al__g_
Start peintizarg - Single-variable nonlinear equation sclving X tolerance: @ Use default: 1e-10 g = o
ga - Ge
Constraints:
Linear inequalities: mincen - Consfrained nonlinear minimization —
Linear equalities: fminimax - Minimax optimization
Bainds dfminsearch - Unconstrained nonlinear minimization -
Nenli traint f . - - P
erinear consiEt M f minunc - Unconstrained nenlinear minimization
Derivatives: - R Lo . e
fseminf - Semi-infinite minimization
Ri | d vi I . . .
un solerand vien =ilfsolve - Monlinear equation solving
Start pause Nfzero - Single-variable nonlinear eguation solving
Current iteration: ga - Genetic J|!|.'|g|jri1:|"|r|"| -
TITANges Jenanyg, =
Stop requested, i
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.Tongn o ) | FiveBar_optimization.m L+
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
h e Hesd 4 %X Start with the default options FIIe_)Generate COde 7I o=
anges applied, | _ ’ R . P, 9z - e =
Optirmization running, o 2 ;;t IMDnj.f Dpt‘;ﬂ.optmm(ti"!mwn ) %OH ﬁaEElEE ﬁ%l- 7I-O
|Nhisctive functinn valus: 27907 NRARR1RARRTR S edity options setting
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);

|
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OPTIMTOOL 0| &

r-‘l Optimizaticn Tool - @J E@ﬂ1

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:| 5QP RIS M st region reflective nonlinear multivariable function.
o
Problem e 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
— " =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 sssaf2|lf—oo— <|| » 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 ZP HOQX Yoo2 £ 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)
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MATLAB %|X 3} ZajZho| o|n|

== untitled

3354102 3354102
&11 algorithms:
1 First order optimality conditions gsatisfied.
fual = 0 Too many function evaluations or iterations.
-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. '
constrviolation: 2. 4825:-13
stepsize: 9.9144e-05
lssteplength: 1
firstorderopt: 3. 1236e-06
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MATLAB 2 E

At Start with the default options
options = optimoptions( fmincon');
A% Modifw options setting

KK SI2 AlSHSL= options = optimoptions(options, Display’, "final-detailed J;
JJ _1§§+E3K = ;ﬁ E! — options = optimoptions{options, “Algorithm’, ‘sap'); %
Mo A3EE «0 = [500 500]; % Start point

[#,fval,exitilag, output] = ...

fmincon{@(x} x(1}+x(2),x0, (-2 11,100, (1, (1, [0 O], [] |@bean_cons| opt ions)

funst on (o 1 Fearconsta]

M= deT: ¥ Huom
Y = 158ed; & N
sig_a = 10; W2
tau_a = 2; XMSmm" 2

X: design variables
c: inequality constraint

b= x(1); ceq: equality constraint
d = =i(2);
c(1) = B+M/b/d"2-sig_a; ¥al
c(2) = 3+¥/2/b/d-tau_a; %92
— o =[]
oj2tolEf W Motz
A 4to| =gtz %% Plot
St AFEIE [bb, dd]=neshgrid{0-700,0°1000) ;

cl = B+M./bb. A{dd."2)-gig_a;:

ce = Y2, /bb. Add-tau_a;

c3d = dd-Z+hbhb:

contourfhb, dd, o1, [0 O], b )stext (100,500, g1, ‘color’, "b" ) idrawnow;
hold on

contourfbb, dd.c2, [0 O], 'm' )itext (160,850, 92, ‘color’, 'm" }:drawnow;
hold on

contour(bb, dd, c3, [0 O], v ) stext (400,800, 'a3", ‘colar’, v J:idrawnow:
hold on

plot(x{1),%(2), o', ‘calar’, 'r');drawnow:

: : . : 10
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5 BAR TRUSS STRUCTURE
(VOLUME MINIMIZATION PROBLEM)

EE A
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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
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4 LHD 7.327150 | 35.871300 | 47.167300 | 63.934600 | 37.964400 - -
5 LHD 7.656430 | 38.440700 | 50.099200 | 50.372300 | 12.514600 - -
E %E 6 LHD 8.087260 | 16.298400 | 58.104200 | 50.758500 | 44.502700 - -
o 7 LHD 8.196780 | 46.312000 | 19.081400 | 14167700 | 25.990600 - -
N g -rl -1 — 8 LHD 8572690 | 21.359800 | 52.509200 | 25.211600 | 14.964000 - -
o 9 LHD 8.887350 | 38.905700 | 63.627900 | 18.676300 | 17.529500 - -
N . g Tl 2 10 LHD 9.083860 | 34175300 | 34 465500 | 52.846600 | 39.182500 - -
L N . tﬂ Dl 3 11 LHD 9.393610 | 36.311200 | 45.851300 | 20.764000 | 23.434600 - -
= I wkar n ™ 12 LHD 9783320 | 54.210200 | 23.284800 | 45190400 | 10.227200 - -
< m N . tﬂ Dl 4 b 13 LHD 10.213100 | 31.634000 | 39.686400 | 61.680800 | 19.619300 - -
=T 14 LHD 10.341300 | 35.446700 | 56.760300 | 53.337100 | 32.397200 - -
X 15 LHD 10.568200 | 45.062900 | 60.416600 | 19.305300 | 22.977000 - -
LHD 10.863000 | 20.215500 | 22.201000 | 13.905600 | 40.257000 - -
LHD 11.127600 | 57.766300 | 41.073500 | 61.981200 | 30.182700 - -
1 ury 44 4204001 27 NAQRNN | RR @4ANANN | AR 447000 | 2R AND200 - - o
[T | r
I
il Fb AHE] &l
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- i?rup OPTIMZATION -
> = RUN OPTIMIZATION
> DESIGN SAMPLING: COMPLETED
> COMPLETED
> OPTIMIZATION COMPLETED
> [SYSTEM INFO]
> NUMBER OF THREADS  : 1 L
== > WALL CLOCK TIME  : 10.088 36 ~
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-——
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+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
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<
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9%
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00
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23t 619

00t
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e

n
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&

%
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)

L 4 02939e-001
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fa
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: Reference (vol = 2.6:e4 mm?)
: NFX (vol = 3.3e4 mrri12)
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ROD 5TRS
BEIAL , Njmm™2

- +3.65654e+002
]
+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%

o +5.98768e+001

]
+2.92961e+001

11.1%
-1.28467e-+000

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

He| Aot

HI Sk ®) | HIS O|
x 2ok He y ok He
NODAL DISP MNoDAL DISP
TL, mm TZ, mm
+1.34614=24-000 +0,00000e+000
30.0%: 70.0%:
+1,233954-000 -5.09966e-002
0,0%: 0.0%:
0.00151455 +1.12179=4-000 -0.0112731 -1,61993e-001
0,0% 0.0%
— +1.00961e4000 — -2,42990e-001
0,0% 0.0%
— +5.97425e-001 — -3,23956e-001
0,0% 0.0%
= +7.85250e-001 = -4,04953e-001
0.0%. 0.0%
— +5.730712-001 — -4,55979e-001
Rk 0.0%
— +5.60893=-001 — -5,66976e-001
Rk 0.0%
— +4.457142-001 — -6,47973e-001
0,0%: 0.0%:
— +3.36530e-001 = -7.289658e-001
A% 0.0%:
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AHHE 1,x
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H = e

[mm?]
A4
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S
2.6e4
414.09
1.52
-1.52
0.001
-0.004
32.26
6.45
30.39
10.77
6.45

ro

S WY
3.4e4
360.59
1.33
-1.01
0.04
-0.16
37
8.5
39
20
8.3

9] Xt
2.7e4
573.57
1.45
-1.28
-0.22
0.83
33
6.6
35
7.1
6.5

=ERNCE
3.3e4
365.68
1.35
-0.97
0.002
-0.01
37
6.7
40
17
12
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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: |6.4516*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.

36



MATLABS 0| &

I [mm3]

Z|t SH[MPa]

A
S

[mm?]

HE 1x
HE 1y
HE 2x
HE 2y
AT
A2
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

o

Se Mo WOl FY S & WS

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
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MATLABS| fmincon &H 9]
AL A= E o|2st &
2| &= AtEStH 3 A 47t
X| S AL

+ 'Interior point’, 'SQP,
‘Active set’ 37tX|0|0{, &
=Xl % Ao X0
7Iglocgg2 7|20 2 &|0f
A £ ‘Interior point' £ 0|2
ot 24t o[ 8¢

2 270 N TS
o

r

&1 2¥l0| AItet QAL
A0S LbEt

S 1o 29 AL GA
Ztet OEE7LR|Z #9l A
OFRZIS 12{otx| %S0
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4\ Optimization Toal - 5 L 3 . - LEJ Elﬂlﬂ_hj
File  Help
P B3 K] I i e e : ‘
Problem Setup and Results -'-I —|2|' = il r-l'l [=] Options Quick Reference <=
e | — . ) Specify: - =
Solver: | ga - Genetic Algorithm - . .
o o L @ Use default: 4nf Genetic Algorith
roblem 'E]—HI nl T ] This tool corresponds to th
Fitness function: @ () (x(1)+x(4)+x(5) +x(2)*(5qrt(2)) +x(3)*(sqrt(2)))*254 | Specify: Clickt dthe secti
ick to expand the sectior
MNumber of variables} 5 stall generations: @ Use default: 50 corresponding to your task
A | 2 H* - . Problem Setup and F
Constraints: E# ﬁ_l_ 7 T O specy: Prablem P
Linear inequalities: Al b: |0 Stall time limit: @ Use default: Inf Constraints
- - AL
Linear equalities: Aegi |l beq: |[] E! —rgl Z.d ﬁl Zk Specify: Run solver and view reg
Bounds: I Lower: |6.4516%0nes(5,1) Upper: |64.516%0nes(5,1) I Stall test: .average change Options
Menlinear constraint function:l @FiveBar I Function tolerance: @ Use default: 1e-6 Specify options for the Ger|
Integer variable indices: ?__J.\_E A HI Al 5 Specify: Population
=1 = L .
) - =i i Fitness scaling
Run solver and view results % -?-I IO_I‘ %I'—JF Constraint tolerance: @ Use default: 1e-3
] Selection
[Tl Use random states from previous run XKal A 1z Sl - .
oH o @ Specify:
(?'_I_ -1 i =1 ) Reproduction =
Start Stop [ = Plot functions Wutation
Current iteration: |4 Clear Results Plot interval: 1 Crossover
AT TS T T TS TES 5 (T OiOTTS, TOTC T, A ) N )
Best fitness [T] Best individual  [] Distance Wigration
[C] Expectation [ Genealogy [C] Range Constraint parameters
Changes applied, [T] score diversity Scores [T selection Hybrid function
QOptimization running, . . F o i itari
Objective function value: 27303 0G4S51GE567S [T stepping Max constraint Stopping erteria
(Optimization terminated: average change in the fitness value less than options, TolFun o Plat Functions
and constraint violation is less than options, TolCon, [T custom function:
Cutput function
[ = output function
*I 4 "'I. 74 I. = Display to command wi
=4 I—| "] EJ-'- - ||| I custom function: =
s, Userfunction evaluatior|
Final point: = Display to cornmand window More Informaticn
— - . - . Level of display: | off User Guide
35.354| 6.455| 31.588| 11.584] 6.453 || User function evaluation Function eguivalent
a ' Evaluate fitness and constraint functions: = —— B T
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MATLABS O]

| GA2| A & Mot A by
—T o oM G 0l0] Zete)7]
g0 2¥ SN HAMYF 8 & W | oo 00me suet0
] [mm?] 2.6e4 2.6e4 2.7e4 26e4 | MZ IS 2UE 22T
Z|th S2[MPa] 41409 41402 59393 41410 | 3 239 Anjet FA
= | AItS LbEty
298 1x 152 1.52 1.39 152
) ] o
Ho =281y -152 -1.52 -1.39 152 | fﬂig'ﬁ;ﬂﬁgfﬁgﬂ
mm]  HH2x 0001  90e7  -021 171e5 | de o9 Yazsig Bn
ol A= &8 T Mo
™2y  -0004  -34e-6 0.8 -6.53e-5 |
|
Al 32.26 32.23 34.45 3223 |
|
A2 6.45 6.45 6.45 645 |
AL
A 30.39 30.39 34.78 3038
[mm?] i
A4 10.77 10.74 6.87 1074
|
AS 6.45 6.45 6.45 645 |
|
|
|
|
|
|
|
|
|
|
|
|

: : . : 39
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A& 2X|: SIDE FRAME %X| X5}

SRS 2] £ 43
MetEZA: Rocker ZME H2| §<1.91 mm (3500 N/mm & 2tZF, 515 6680 N)
A H
v’ RockerE M|2|ot ZE £l W & H= 2Hi7HX| B7t 745 (Rockerl| A% 1.25HK)
v e 7|22 SX|5ta, AIO|=E X|Ae J|BfeE M
Ape 248 53 37bX|o| BTt Med
Sideframe 500 +— — 250
Dimensions ‘ - 500
(all inmm) |¥ o 7 -". A 750
- .
§9‘2-l‘lfl°___°9_°_ 250
| SECTIONS  y 50 75 |
1 — 1
| (=1mm) 0., 35[3— 25LT_]- X 25[? i
: 40 'z b4 z |
! Roof Rail A Pillar B Pillar C Pillar !
! above Belt  above Belt |
: | 100 75 50 :
| 100 50[?] 50{_—Hx s0d-x 1
: bd 2 :
: Rocker Hinge B Pillar C Pillar -
! Pillar Below Belt Below Belt |
L 1
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EHE SAAH 02 i
DB AT R AL N
ofB DOE: 43W =5 oo d1 ool
B aEzngos Bl ap 31 = roof_d2
7| aP_d2 - AP _dl
~|BPa_d1
Z|era_d2 S
l7|CPa_d1 = BPa_d1
|cPa_dz2
zrock_d:l = BPa_d2
g HEE L YR |rock_d2 = CPa_dl
kg HR A 7o b |HP_d1 -

{,,.,a bea ZeE P d2 CPa_d2
=-f DOE: 2 [2|erb_d1 — rock_d1
S A TR (. n/|BPb_d2 g

W= b [7|crb_d1 SUELCH
dpHos s ]CPb_d2 = HP_d1
g Hre e - HP_d2
{z &n“ o4 7EHEE FEME HH — ROk A1
- DOE: 3
R HE BEeA (L == v
=l
LaHo2 =5 S
<
HEHEA 2EYY
HBEH B} R
H=zt Ao~ -
EAEF0IE | A =A% 2 ELE
o =
»
rock_d1 1e+002 1.2e+002 1.2e+002 12e+002
CPb_d1 50 | 94
=G M)
SEDF HIE (%) 17 17 17
M HCEHHEE (%) 0 0 0
SEE 2.3e+006 2.3e+006 2 3e+006
HAEAA 19 19 19
*
<
ALEEEH S 20
=R




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

: : . : 42
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3 BAR TRUSS STRUCTURE
(TOPOLOGY + SIZE OPTIMIZATION)

: : . : 43
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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

44
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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 = A
EEEET
> 2H|

>Ry

|
[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
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[besatgs

HY  Ba® zH/E

A HNEY
HEHEH B

ERC ] =2

AERE - AR CHE -9 - e - 7

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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ENERGY
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T - L e
ey mew - AR -HE -0 - e - 7 ox
@asn @2S0RE - [EEE T ERINEIET:I=,

A Busnzy-@u EH/E & 2 Exlh
ELT
g 5 £33
HE @ @-93F; sno By R ek nh B S
g LR AR OE i
- NeowL 15 =

& 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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