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PROBLEM SOLVING PLAN

4. 2X H9
4-2) A|Eo| 4

) —
mg=700N bh?  20-503
I = 208333.33
h=50 mm

12 12

mgcos6=239.41N

44332 - 6007
- 210000 - 208333.33

= 0.001823

PI? 239.41 - 6007
== = 0.000985

" 2EI 2 - 210000 -208333.33
. mgcos6=449.95N

443.32 - 6003
- 210000 -208333.33

0.729mm
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3EI 3 - 210000 - 20833333 |
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PROCESS OVERVIEW
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2. MODEL ANALYSIS



SEAT MODEL ANALYSIS

Camry Seat Model (ZhZ1t ()= &

[ 22dista

4l = (RHO) [ton/mm?] 1.01E-10
E [Mpa] 4.16 Foam?2| A X|

Stress-Strain Curve

Camry o242 E2 XS 2HE
AMEQ| 24 & FoamOf CHTH HIO|E{ 7} 7HE L34, F
Camry ZEO| 2MX|2} S-S Curve HIO|HE AtE3HS : 7

) ALTAIR




SEAT MODEL ANALYSIS

Bottom_1
Bottom_2
Back_1
Back_2

Average

10l Foam2| FH| 7} sl &gt

dE= LiF0 58

Thickness [mm]
56.5
78.0
36.0
40.0
52.6

H Foam?Q| FH7F 52.6mmeYE 225t ES




SEAT MODEL ANALYSIS

1.7/ A E 28 &4

1-2) Ot A E &4

Back and Bottom 500mm Bottom 520mm

<
<

Back 620mm
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SEAT MODEL ANALYSIS

Ry

Man Woman Man Man Man Man Woman Man

m Bottom wm Back
N Bottom Back

Bottom Back
Average(deg) 9.6 30.3
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DUMMY MODELING

2. AN\ E JZ& 7t0| O
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DUMMY MODELING
2. N\ E 7W2& 7+0| {0

1-2) ofg| #& 22T

Thoracic kyphosis

- "{,l_.:"l‘_,
oMYA e

2ol Lo &M S8 25

X Anst0l RUY




O X0 B= HHO| 7I= K|+= &
L0 FAtohA 2785

M2 X[4=¢l Back Body &

o
(=]

o
—

=2 (e
Dummy?| Back Body2f Bottom Body2| %

J
C e \ ALTAI




DUMMY MODELING
2. AlE 7§ag 7ho| o
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3. OPTIMIZATION PROCEDURE



FOAM MODEL

1. 22 D2tdly 49

1-1) B S 4% 7|E

- otEfot A|E AAE oA Foame| &= Z2780] €%

«  Foam?Q| F7H& Camry Model Foam2| B FH et | AFSH 50
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|7<
e A O

o
=/
=
« ZIZEANE ZF FH 7IELZ £10, £202H3 5712 RES €2 =0 A Radioss diA

G G G G

Thickness: 30 Thickness: 40 Thickness: 50 Thickness: 60

Thickness: 70
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FOAM MODEL
1. 22 D2tdly 49

1-2) Li2t0j g 22 MEALY

Node 163,603
Thickness 30

Element 188,795
A b K=l k=1;
Node 208,447 224 AO|== 5mmE TEE

Thickness 40
Element 234,475 N
ddst= MH=0[7| IfZ0 Foam2| 24
Node 253,291
Thickness 50
Element 294,155

Node 298,135 Node il ELC} Element 77t O EH=2 O|F = Foam 2|&£0

Thick 60 .
cness Element 325,835 Fabric (2D She||)0| ()?Jlkjl [[HT?__?:!

Node 342,979
Thickness 70
Element 371,515
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FOAM MODEL
1. 22 D2tdly 49

1-3) H| ' ol|A Ao}

Max Pressure(Mpa) Mean pressure(Mpa) Contact Area(mm?)

0.0200

30 40 50 60 70 30 40 50 60 70

M Bottom M Back H Bottom M Back B Bottom M Back
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FOAM MODEL
1. 22 mofejoly M8
1-3) H|d off A At

2 .
Contact Area(mm?) Displacement Convergence(mm)
15.0000

14.0000

13.0000
I I I o I
11.0000 -
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Mean Pressure(Mpa) Max Pressure(Mpa)
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FOAM MODEL
1. 22 D2tdly 49

~

1-4) & T MY ot=tt ot 7|1&

HS ~2 Max Pressure’} 22 £8 £&
=1
=
M
M

=t Zf2 Contact Are 7|’ BHE T =
AMEO| SHUS E2| Displacement Convergence 40| 25 Q&0
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= FH A8 etEra Bt
50 60

30 40

Foam Thickness [mm]
57,075

50,175 51,550 51,875

Contact Area [mm?]
11.4420 12.5410 13.1420 13.2870

Displacement Convergence [mm]
0.0311 0.0353 0.0207 0.0286

Mean Pressure [Mpa]
0.0758

0.1412 0.1430 0.0957

Max Pressure [Mpa]
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FOAM MODEL

2. MY =l paEl

Foam Thickness [mm]
Contact Area [mm?]
Displacement Convergence [mm]
Mean Pressure [Mpa]

Max Pressure [Mpa]

Contact Area®} Displacement Convergence %£0| 2 X

Mean-Pressure?} Max-Pressure0|Al 7} £2 X5 &

Thickness 2t &
60mm

=
Foam Model
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SEAT MODEL

3. CAD 2 &2
3-1) Back Seat

500.0
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Back Foam
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SEAT MODEL

3.CAD 2 & &l
3-2) Bottom Seat
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RADIOSS MODEL

1. Radioss Model
1-1) Model 4
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RADIOSS MODEL

1. Radioss Model
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RADIOSS MODEL

1. Radioss Model

1-3) oH=t Hot

Foam J2Eoy

Contact Area [mm?] 57,075
Displacement Convergence [mm] 13.2870 5.4450
Mean Pressure [Mpa] 0.0286 0.0190

Max Pressure [Mpa] 0.0758 0.1160

2 32 Contact AreaZt 311, Max Displacement, Mean-Pressure, Max-PressureO| %fO}Of &t

2 & Ol Displacement ConvergenceO| 2 2Hl, Mean-Pressure= 2 0.07Hl ZfAgt

R HI9| Contact Area”t 2F 1.12H] E0{E 11, Max-Pressure= 2 1.5H] Z7t5t= 27t 2dst
Max-Pressure= HYEl & @& 710] GO AFHOo| 221t MEFZ|HA PressureZt 34| LIEL
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PRE-PROCESSING
1. RADIOSS MODEL ANALSIS
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OPTISTRUCT MODEL

Head Rest

2l & (RHO) [ton/mm?] 1.01E-10
E [MPa] 4.16

Recliner

Foam?2| 4 X|
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E [MPa] 4.16

v (Poisson’s ratio) 0.3
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OPTISTRUCT MODEL

3. Optistruct Model Load Case

Load Case Explanation

—

Contact Force= H A 0f| 3l & St= Element= I—|'-|--| Contact PressureE TSI ¥

Contact Pressure
Contact Area0]| Contact PressureS £ {5 =

LN QAL HE| FH S H1ot

Head Rest Force
Head Rest &f

XH=SXE7F100km/h S EZ FSE Al XH2HO|

Side Crash Force (3) ~ (4) (3), (4) Load Case= Lf—r01 5= of

S 22 2T A0 B BM 202 A E

Hand Force (5) ~ (8) (5), (6), (7), (8) Load CaseZ Lt+0Of OF




OPTISTRUCT MODEL

3. Optistruct Model Load Case

3-1) Load Case — 2=t (Contact Pressure)

SHo A0l HO|7t F=

¢ ARIe| &A S A0 M 2| Contact Areas
A5t HH 5|A4 0| 7| I 20f Contact
Areas F7I5l0 Sl52 223

Bottom FoamOfl= 400N2)
Load Case 1_ Contact Pressure FoamO|= 300N2| 5t




OPTISTRUCT MODEL

3. Optistruct Model Load Case
3-2) Load Case — &7 (Head Rest Force)

o= Abgtel bja] R 4~TkgY

off 2Nl o
O

= 100N

ALLE IES FA =

2|
| gl Foe

Load Case 2_ Head Rest Force
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OPTISTRUCT MODEL

3. Optistruct Model Load Case

3-3) Load Case — &3 (Side Crash Force)

A=K7} 100km/h £EE2 S E A| K}
CH 2F 400,000 &

x|
SRHEZHAY| 20 o S0ttt EEre

ZE AHO|Ao ZRE0 et 7t X E £ 48 Load
Case= 42| 1.5v2H 2 7}d, 3 Load Case= &4 22|
0.5~0.7H | 2 7}’45}10] ot=s2 At = £0{gt

Load Case 3,4_Side Crash

Force F 4
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OPTISTRUCT MODEL

3. Optistruct Model Load Case

3-4) Load Case — &“d (Hand Force)
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OPTIMIZATION

1. Optistruct Topology

1) 258 22 (5Y)
2l &= (RHO) [ton/mm3] 1.01E-10
E [MPa] 4.16

At
5

%

Foam?2| E4X|

2l &= (RHO) [ton/mm?] 6.90E+04
E [MPa] 4.16

v (Poisson’s ratio) 0.3

Ale| =X

= R
= 2 <S8

3
S
P N

SR
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SRR ) SN
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OPTIMIZATION

1. Optistruct Topology

1-2) 2| ™3t =A
@ Case 1. Displacement Maxmin

Volume Fraction D= A0 sl ™o
Response i
o

Displacement 2h2b b X
Volume Fraction Upper 0.2
Constraints (25, 4 X|2F =HA) Displacement (Hand Force) Upper 0.12
Displacement (Side Crash Force) Upper 10
Objective Displacement Maxmin (Obj Reference Al-&) ot2tZt Displacement X[CH=}

@ Case 2: Weighted Compliance Min

Volume Fraction
Response Displacement
Weighted Compliance
Volume Fraction Upper 0.2
Constraints (&5, Qt=2H2h K| 2F =AH)
=& =mE AT Displacement (Contact Pressure) Lower 0.0033
Objective Weighted Compliance Min ZM x| o3t
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OPTIMIZATION

1. Optistruct Topology
1-3) X3t 21t

@ Case 1: Displacement Maxmin

Element Density

Iso (Current Value 0.25)

Max Iterations : 92
Current Value : 0.25
Current lterations : 69
Optimization Converged
Feasible Design

(All constraints satisfied.)
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OPTIMIZATION

1. Optistruct Topology

1-3) XM=t Z1t

@ Case 2: Weighted Compliance Min

Element Density

Iso (Current Value 0.25)

Max Iterations : 25
Current Value : 0.25
Current lIterations : 25
Optimization Converged
Feasible Design

(All constraints satisfied.)




OPTIMIZATION
1. Optistruct Topology
1-4) Z=[X3t Zut H[ W

@ g 2E A 0]~

Load Case Results — Foam Displacement 3™ Q=I5
P i -
Contact Pressure Foam Displacement Case 27} O ¢tetst

@ Zd8 ZE Ao~

Load Case Results Case 1 ) ) <t
Frame Displacement 0.0347 — Frame Displacement®} Von Mises”| 22 ™

Frame Von Mises 0.5861 FA = oC
Frame Displacement 0.0096 &-80| FCpa it
Frame Von Mises 3.7650
Side Crash Force (4) Frsrr:;gszf::\:::snt ggi;g 0E ZE 70|A0 CHsH
Frame Displacement 0.0033 Case 27} I ZdMo| 2
Frame Von Mises 0.8522
Frame Displacement 0.0061
Frame Von Mises 1.0490
Frame Displacement 0.0342
Frame Von Mises 1.5310
Frame Displacement 0.0413
Frame Von Mises 0.9051

Head Rest Force

Side Crash Force (3)

Hand Force (5)
Hand Force (6)
Hand Force (7)

Hand Force (8)

% otakzin
E%"%r—“ﬁﬂ ECase27|' |_—||=|J_I'




OPTIMIZATION

2. 2nd Modeling
2-1) Poly Nurbs O|&

Weighted Compliance Min
Optimization Model
Front

Weighted Compliance Min
Optimization Model
Back

£
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OPTIMIZATION
2. 2nd Modeling
2-2) XM=t Z1f H|W

@ oY EE Aol

Load Case Results Case 2 Poly Nurbs — Foam Displacement =1 E Fél'_é_

(@)

—
Contact P i . . ey o
ontact Pressure Foam Displacement 2.7690 Pon Nurbs?_* EI:-IEI()l C (I)_l-gl- St

@ 48 2E #HolA

Load Case Results Case 2 Case 2 Poly Nurbs . .
Frame Displacement 0.0195 0.0283 — Frame Displacement®} Von Mises”| 22 ™
Frame Von Mises 0.3853 1.0720 FA = oC
Frame Displacement 0.0067 0.0077 70 © Ol = El-j_ '_l- J
Frame Von Mises 1.0070 1.2390
. Frame Displacement 0.0316 0.0486 = C A &
SH1e Elln (REes () Frame Von Mises 1.4500 3.4140 TE EE ?-" Ol _O“ EH OH
Frame Displacement 0.0032 0.0050 Case 27} I ZdMo| 2
Frame Von Mises 0.3286 0.6645
Frame Displacement 0.0023 0.0027
Frame Von Mises 0.1790 0.3223
Frame Displacement 0.0090 0.0173
Frame Von Mises 0.3014 1.1040
Frame Displacement 0.0222 0.0302
Frame Von Mises 0.4836 1.4630

Head Rest Force

Side Crash Force (3)

Hand Force (5)
Hand Force (6)
Hand Force (7)

Hand Force (8)

Zo| 2t o4 HEClH= EHIA Poly Nurbs®t 22




OPTIMIZATION
2. 2nd Modeling

2-2) off4 Z1

Contour Plot Contour ot
Diplacementitag) Diplacementtiag) Ay Ay 5
Analys yscem Analys ystem 12398400
13886100 27608400
E Ve |
T i osoero | §
— o250l | !
= o
sasoE01
oo
3084501
Lsa2601
1004506
NoResul
Wax= 14536400

Min - 1.004E.06
Grids 75186 Grids 69656

Contact pressure Side crash force 3

Contour Plot Contour Plot
Eloment Siresses (20 & 3D)vonMises) Eloment Stresses 20 & 3D)vonMises)

Contour Pl Contour Pl
Analysis system Analysis system

. o
lemen Stesses (201 D)vonises) lementtresses (201 3DvonMses
Anaiss e Anaiss sysem

353801 Larzgeo0
[ siscar T oscar
gy £ eanseon
= sesear = Fiaseon

2ot - sosicor

V7120 L s

Vasagon ssmagon

2382601
1191601
7.028E08

NoResult
Max= 10726100 Mi
30356987 30 201
Win = 7028608

30724330

5883 3481653

Head force Side crash force 4




OPTIMIZATION
2. 2nd Modeling

2-2) off4 Z1

Contour Plot
Element sre:
Analysis syster

Contour Pt Contour it
lement tresses (20 & ID(uonises) Glment Sresses (20 & 30KvonMses)
Ay ystom Aty ysem
204601 .104c100
F 2orocon | Rpyesens
2ascon 2 aseacon
7357601
= csieon
E dsoseon
sescon

2452601
1.226E01
2109808

NoResult

Contour Plot
5565 (2D & 3D)vonMises) Element Stresses (20 & 3D)vonMises)
m ystem

Max = 1.1046+00
30 1495132
Min = 2.109E.08
3D 206088 30552430 30724330

force 5 ide force 7

Contour Plot Contour Plot
Element Stresses (20 & 3D)vonises) Element stresses (20 & 3D)vonMises)
tem Analysis system

1.463E+00

1.300E400

1.138E+00

9752601

8127601

6501E01

4876601

3251601

Contour Plot Contour Plot
Element Stresses (2D & 3D)vonMises) Element Stresses (2 & 3D)vonMises)
Analysis system Analysis system Analysis syst
1.790€:01 3223601
1591801 2865£01
= 1332601 = 2507€01
— 1193801 — 2149801
9.045£.02 = 1791601
7.956£.02 B rameon
5967602 . 1.074E.01
3978602
1989802 1.625E01
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NoResult NoResult
WMax= 1.463+00
30509654
Min = 1.237E05 Win = 4851608
30 206088 30724330 3D 205883 30716644

e force 6 Side force 8




4. CONCLUSION



SUMMARY

« Objective: 0|2 Xt&
* Process

Z5H A

» Optimization

Mass [kg]

Max Displacement
(Comfort) [mm]

Stiffness [N/mm]

KU EER R

T NHSA0 HEE A E

™ (60mm)

Base
Hexa 10mm

oheZat ZAE DY =

Case 2
Tetra 10mm

Mass [kg] 52.05

Max Displacement

(Comfort) [mm] Ll

Stiffness [N/mm] 25,316

Poly NurbsE & ot 2+

Mass [kg]

Max Displacement
(Comfort) [mm]

Stiffness [N/mm]

Case 2 Ploy Nurbs
Tetra 5mm

49.58
2.770

16,461
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