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1. Formulation

1) =X 4% b

SUV X9 ‘Afo|E AR" Y XX M7

YoM B2 7HE S &8 75T =X

240 g2 HE 7ttt 71 T =X

https://gccem.com.au/mechanical-services/auto-side-steps/
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1. Formulation

2) 4% 718

L =1000mm=z 1%
200mm / 800mm9|| 50mm =
2077t 80KgQ! At&o| 20Kg &

—_— = ———

/

L/2

’
-
/7

£o| Xl

OHIE FYL U AYT £ W2 RS D

ALO|E AgHO] I

80Kg + 20Kg

LIE = AN} 71

| —

I—

Ch

O /&= Aluminum AXHE *f%

2= ngeE AtojlE AERIZ Fix

q

X HY - 10mm

Ol A4 1.5

StE 7 280MPa

Aol XS =S P 4 S H

https://www.matweb.com/search/DataSheet.aspx?MatGUID=0cd1edf33ac145ee93a0aabfc666c0e0&ckck=1 4



https://www.caranddriver.com/car-accessories/a38389570/running-boards-on-cars/
https://www.matweb.com/search/DataSheet.aspx?MatGUID=0cd1edf33ac145ee93a0aa6fc666c0e0&ckck=1

2. Design Optimization

1) Size Optimization - Formulation

Design Variables: w, h

Objective Function:V =wx h % [




2. Design Optimization
6Fw

Constraint1: oy = Thz < Oallow

1) Size Optimization - Formulation
F = 1000M

CASE |. Ajo|E A9 DA E BIE 4%

« Bending stress= yojAM X|C{
« Side step©|| Z85t= 2 d}F ALt

- AR QY)| FHEY|H RO E T
[Bending Stress formula]

Myx 1
% WL Wos 2H ca3 oy ==L (I, ==1h%)

X | .
1 12Mh  6Fw
O-y = 3 = >
l [Cross section] 2lh lh
h (o] oz __ Oyield .
It B85 oqi0w = — N:S.F)

-~
L
A
v



2. Design Optimization

3F;

1) Size Optimization - Formulation Constraint 2: 0y =75 < Gantow

S
~

Bending stress= y YA Z|LC{
Side step®] %-80}= Z|L{ ofF AlLt
= X|X| o=z 73

QU

[Bending Stress formula]

h
Myy 12M 7 _ 3Fl;

% 1 cha X|X| Woz B cHadl P T whd T 2wh?
X Ix=1—12wh3
. [C tion]
1 L 1 g ross section 2
|<—2L ZL ‘ M _Fab_F<7f) _ Flf

C h O A
Al 'B
A 5635~

A
v

o
Y



2. Design Optimization

[
. o )
1) Size Optimization - Formulation Constraint 3 : = I?I < Sattow
y
[Case I] . AtO|E AERNO| X|[f Y2 10mmE H%
« Casel
5 — Fw?3
~ 48EI,
e Casell
[
_FE’
[Case II] / 0 = 3EI,

6,2k 6,9 H&S 11,
6  48w’L,  128w*

5., 3. 4
y3(£)1

ratio —

= 128w*

2 y

* we @/ 0.05EL Zofopstaz ALY 5,,,;,+= 0.016

atio—

— Case |1 O] @4 302 Case IIZ 1



2. Design Optimization

1) Size Optimization - Formulation

i =

E - -
2015' 8' 8( E)

Bl A z Snﬂ(%% 7o, 3 10

HCILES XiH
- - oT

Q) ==a2%=
o7

dsaamg o g TF e, AR Y,
24 ’

- T (044)201-3835, 3840, 3841

F7E 9

it

2 5 2 A

2019 88 8AU(S) 11:00 0lF ¥ =351 F=A7| digL|Ch
¥ 88 82(|) M2t Bx Jls

- (6FZANF 0], WFIENF, BLE Y
, @

- (OARRAAE S, 2027]7]=]

< BIINE 2 B

Sagiulo)A)

- (2RI, OTEEREEIF, @ fEEAA)

I* Brume zeE8E e 2tz 50mmol U |

« AHgE MEA| XA L LR E

- (@'%E%%ﬂ?—, @01%') « MIEA| Dot
- (@EFVEE HAH =9

‘u—
=l

Constraint 4 :

w<50mm

20194 ZE WGH ‘AFA EiY 4% Of
IT

At M= Al XA & X Ao 2 F x|
AMOIEARI(R X S o] |0 & = 50mm

XH’ X}
= o
o



2. Design Optimization

1) Size Optimization - Formulation

Pedal thickness : 44.52mm / 1.75in
] ( Thicken design)

Yoy,
ReasnasdlT]

Constraint 5 : % >2.5

ALO|E AR M7Q| FEISH Fto|=2HQl KX

AlFof| TOfL|= Afo|EARIO| LiH|/SH| H| 2 2.5
OlXjZt HE QFO hi L§A X{0}

&2 ws

_I_—I,

10
https://ko.aliexpress.com/item/1005006024843398.html



https://ko.aliexpress.com/item/1005006024843398.html

2. Design Optimization
1) Size Optimization - Formulation

Minimize V(w,h) =w-h-1

Ih 6Fw

subject to ThE < 010w (x-direction bending stress)

3Flf
<
2wh?

O q1low (y-direction bending stress)

FL3

35 = 0 4110w (Maximum deflection)

w

m > 2.5 (width/height ratio)

w < 0.05 (Maximum width)

11



2. Design Optimization

2) Size Optimization — Graphical Method

criteria detailss>

1 \ S ~ ~ ~
“1 \ ~. e Feasible Region
| \ ", | ¥ Optimal Value
o I L .
0.0 2 g s Constraints
% 6& N ~ il S
| % ~ 5 ~ \0-0%
\ \ ~. iz ~. 555
| \ ~og, S “aay,
0.08 <
| N Qgé1'!5‘; ~. “iag ~
\ ag -~ - ~ - -~
\ %, ~d S~
- ~. -
\ r o~ oy, -
1 . ~
0.07 \ 0gs ~. B
o @J ~,
- 4 -
g ~. - %1805
% GQT;gai S~ -
0081 \ B el g,
aﬂv?s,g = 005z,
] =~ ~ ~.
£ o
Eoos ~= izg,,
= -~ ~-
‘ﬂ-%?‘%k 00025,
Bz - Ty “ -
004~ I~ 20ngs,,, Oazzg, 00035,
~ - - Ra{\ﬂ~ Te—a -0
- - - w
00055 nopl g B0oaar; - <3C 1
015 — S~ stopping
0.03 ~ T~ 000z, _ e
T ~ 00018545 _ Teee—a
"l e = 000237y _ _
T Te=— T 00089 —
0oz} UOA&U MaxiﬁH‘ogﬁ7s% Bt~ =~ ~0001as4 ® =
\HH - * — um € eCT'Un—""*ﬂﬂnmﬁﬁ‘_. - 7
par =~ - 000M1gE— — _
Tl = 000084239 — — — 0.0422
= 0.0004g57 — | = — 000094235 — —
= = 00004662 — — _ _
T = - D00MEE— — — — _
. T = D00MEER— — — — — e
Bending-X D00s662 = —
| |
0
0 0.01 0.02 0.03 0.04 0.08 0.06 0.07
w(m)

0.08

0.09
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2. Design Optimization

Design Variable 1

2) Size Optimization — Numerical Method e

Iteration
Design Variable 2

Optimization Path (SQP-algorithm) 0

0.08
0.014 N 0.06
x

0.12

0.04

0.02

0012 Iteration

Objective Function Value
1 T T T

0.1

fval
N £ [} (-]

0.01
0.08

Iteration
Constraint Violatio

0.008

£ 0.06

0.006

0.04

Iteration

0.004
Local minimum found that satisfies the constraints.

-- Optimization completed because the objective function is non-decreasing in
0.02 - - - - - - -
e feasible directions, to within the walue of the optimality tolerance,

0.002
and constraints are satisfied to within the walue of the constraint tolerance.

<stopping criteria details>

0.0422 0.0188

13



2. Design Optimization

Objective Function

H H H H It Func- T Fwval F ibilit 5t L th
2) Slze Optlmlzatlon RESU": =t creeER = it =B hend
0 3 1.000000e-02 1.240e-01 1.000e4+00
1 T 9. 070255=-04 3.7189=-02 T.000e-01
2 12 T.428104=-04 1.8%ge-02 4 . 900=e-01
3 17 T.57125%=-04 S9.671le-03 4 . 900s-01
4 21 T.T79007%9=-04 2.801le-03 T.000e-01
5 25 T.890349T7=-04 3.704=-04 T.000e-01
[ 32 T.891l6566e-04 6.6l1l4=e—-04 2.401e-01
T 41 T.5821448=-04 5E.83ge-04 1.17Tee-01
B 52 T.5892356l=e-04 E.500e-04 E.Te5e-02
S o4 T.89245955=-04 5.278=e-04 4,.035e-02
10 T8 T.9256l1l0e-04 5.173=-04 1.977e-02
11 a7 T.8925T718=-04 E.156=e-04 3.323e-03
12 131 T7.8925718=-04 E.1l56e-04 2.326e-03
] .
Design Variables
Variables Initial Final
w 100mm 42.2mm

h 100mm 18.8mm




2. Design Optimization

2) Shape Optimization

Size Optimization2 S0l &%t X|4+E HIFO R
ZFOiXl KO WY = (5 < 10 mm) & WFOIHA
BIE A0 G4 dAIE A0l 2D & 3D 4 X} XY

15



2. Design Optimization

2) Shape Optimization -w-h H&H &4 2/Z.2}

n; CDITII:IEII'IEI'I‘tS |:]:| Materlal Property
- @ sidestep2D 1 0

=g Design Variables (1) -

T vl | i Aluminum Alloy :

-4, Load Collectors (2) E: 71GPa Card Image : PSHELL
- spe I 0 . Thickness : 1000
.- force 2 . 0 V- 0.33

‘b Load Steps (1)
- gp loadstep] 1 1

+ g Materials (1) Response Objective
T AL 1] 0

E Objectives (1)
-l objective ! 0 Volume Fraction

+-[g Optimization Constraints (2) . Aorr .
CLE volf 1 0 Compliance Minimize Compliance

- Lb disp 2 0 Displacement
--lgg Optimization Contrals (1)
L[ optistruct_opticontrol 1 0

=L Optimization Responses (3) i
et volfrac 1 0 Constraints
;...« disp 3 0
xH Comp 4 1]

- Properties (1) Volume Fraction up to
g sidestep N | a .

B Ties (1) Displacement up to

16



2. Design Optimization

h
2) Shape Optimization -w-h H&H &4 2/Z.2} :’
w

LoadStep 4% Topology Optimization Z 1}

FORCE = 1000.0 Contour Plot )
Element Densities(Density) Design : It

1000E+00
[ 8500501

TH00E-01
= GTO0EDT

S.600E-01
[ 500801

3400601
2300€-01
1200601

1.000E-02
No Result

= X 2\ Convergence history for <HM26 fem= s ence for <HM26.fem> X

B T e e NS NN S S—_

([ Lin [[<|[x][>] [maxpiso | subcases[1 ~| Close Lin |<|x > [objfun:MinimizecOMPL | Subcase: 1 1.}, Close




2. Design Optimization

2) Shape Optimization -w-L 55 &4t 2/ X9} H’

LoadStep A%

£ U2 NS YO EE NS Aol e

Weighted ComplianceE ObjectiveZ A%

||||||||||||||||||||||
LLLLLLLLLLLLLLL

Ak
LLLLLLLL
JJJJJJJJJJ

18



2. Design Optimization

2) Shape Optimization —h-L H&H &4 2%} H

LoadStep 4% L

T

Topology Optimization Z i}

Contour Plot

Elemsent Densities]Dendgity]
BUG95E-O

[ 7.740E-01

G.TASE-M

— S.E30E-

487584
2920E-
2965601
20NGE-
1.055E-0

1000E-(2
m Mo Result

Max = 8.655E-01

20126

Min = 1.000E-02 19
206N



2. Design Optimization

2) Shape Optimization —3D &/4f Z/Z.} - h

LoadStep A% e ©

Topology Optimization Z1}

20



3. Result

—f " wn ez ey 5 En
w

e

OSSmooth &-§ Export &
Geometry ¥

21



3. Result

Contour Plot LER )

Displacement(Mag) Subcase 1 (loadstep1) : Static Analysis : Frame 4

Analysis system
1388E+00

[ 1.233E+00
1.079E+00

= 9.250€-01

7.708E-01
6.167€-01
4625601

3.083E-01
1.542601
0.000£+00
m NoResult
Max = 1.388£+00
Grids 5964
Min = 0,0006+00
Grids 3669

0.00 50.00 100.00 (mm)

25.00 75.00

22



3. Result

Z HQ X : § < 10 mm, 2™ A&~ 1.5, 5§ S 280 MPa

Displacement (mm) Stress (MPa) Mass (Kg)
S =Xzt ™ 1.388 122.8 1.1974
QA X|XBt T 1.406 186.4 0.5099
51.69 % 57}
1.297 % 37}
A Y XA £E OFF 7|4 13 A 56.91% Zt4

Contour Flot
Displacerment(Mag)
Anabysis system

1.38EE+DD
[ 1233600
1.0PGE )
= 9250601
7.TOEE-MN
G167E-O
A.6X5E-
3 DEZE-M

1.542€-01

CLOODE +00
m Mo Result

Contour Plot
Elemeent Stresses (20 & 30K vonkises)

Analysis system
122BE+02

[ 109ZE+02
G554 E«0

= B190E+01
BAZSE+DN
2A460E+01
40956+
2. T30E=01

1.365E+01

1.635E-08
m N0 Result

I ITERATION O

I Yolume

(Scrateh disk space usage for starting iteration = 6 WB)
I {(Running in-core solution)

= 4,32290E+05  Mass

[ ] volume

1.3407e+005 mm*

[ ] Mass

050988 kg




