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PBV (Purpose Built Vehicle)
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Our Idea & ALTAIR
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Process

HyperMesh
Latest Version: 2022.1

OptiStruct
Latest Version: 2022.1

Topology
optimization
(by pattern repetition)

HyperStudy W
Latest Version: 2022.1
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Parametric
& Shape
optimization
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=2t shape =&
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Inspire Cast W
Latest Version: 2022.1

Manufacturing
simulation
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C
nad

Small frame

Medium frame Frame cell2] Z& 500mmZ 4|50

scalable ot frame 2 & 2

Large frame
small frame(2 cells)2| Z0| = 3.47m
medium frame(3 cells)2| Z 0| = 3.97m

/ large frame (4 cells) 2| Z0| = 447m
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Frame cell
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3. Topology
optimization /

3158 X 75 =214
30 9AF A3 R MH /Z / Z
33 o)Ak A|x3} 71}

Q Issue : Small, Medium, Large 37H2| frame2|
ds=2 25 12{3 frame cells2| topology
optimization R MSCHera
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Large frame

Crefot &l tiSot7| #oto]
&2l S0 ol ':*OP._ torsion,

bending, side forceE otLt.

Young's modulus(N/mm?) 210,000

Medium frame

Small frame

Poisson'’s ratio 0.3

Mesh size = 30mm 5 Mass density(ton/mm?) 7.85e-09

Frame cells2| Topology optimization &&= Y X|(Pattern repetition)
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Torsion, Bending, Side force

*HE F2 stFE F0d)

Torsion , Bending force

Small frame

11,770 N (total)

Medium frame

18,640 N (total)

Large frame

23,540 N (total)

Side force L, R

Small frame

11,770 N (total)

Medium frame

18,640 N (total)

Large frame

23,540 N (total)

) MBCHora
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Design variables : Z+ZFQ| cells

Responses : volume_frac, weighted_compliance
Constraints : volume_frac upper bound = 0.7

Objective : minimize weighted _compliance

14
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Weighted_ compliace

Torsion force
Bending force 1
Side force L 0.5
Side force R 0.5
Torsion force 1
Bending force 1
Side force L 0.5
Side force R 0.5
Torsion force 1
Bending force 1
Side force L 0.5
Side force R 0.5

* side forceOll CHSt weightE 0.5% £0

&) MEHe

e SEJONG UNIVERSITY



J\ ALTAIR

9|4+ x|zt 7}

. Before Pattern Repetition
D30 A0| LIEFLEX| 40} AR 0]
£ 7t LHEHE

main

M| Z-EH ot

] SEJONG UNIVERSITY




B

J\ ALTAIR

7l =M 2T 21

After Pattern Repetition
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4. Parametric
& shape
optimization

42 XMt ZH M lesue : Small, Medium, Large 37l2| frame?&]
4.3 X| X3t At ds2 B5F 12{8t Frame?| Parametric &

Shape optimization
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Shell B &I

AAHS RO &, )&
A™E517| 5l shell model £

frame= A A
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H{E{ 2| 2] stressE 112{c}7| 2[5l Hi
EH2| HH, HiE 2] 2= 22 =3

*HE{ 2| & frame contact type : Tie

WlEf2] BE  HHE{E| A

Material Lithium Aluminum
Young's modulus(N/mm?) | 674 68,900
Poisson'’s ratio 0.36 0.33

Mass density(ton/mm?) 5.34e-10 2.7e-09
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Torsion, Bending, Side force

Torsion, Bending force

Small frame

23,540 N(total)

Medium frame

37,280 N(total)

Large frame

47,080 N(total)

Small frame 23,540 N
Medium frame 37,280 N
Large frame 47,080 N

@) METera
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Parametric Design variable &7

21

Main frame

Sub frame

Frame cell

J\ ALTAIR

Main frame 8 mm
Sub frame 5 mm
Frame cell 8 mm

N R e
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x| Net =4 258

* Shape1 : Main frame2| =

Shape Design variable 2’ ( By HyperMorph ) Shape2 ~ 6 - frame cell2| 344t
Shape 1 Shape 2 Shape 3

Shape 4 Shape 5 Shape 6

eeo \)NWE%; =< EH .G I'
& 2 = 1
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Lower bound Current value Upper bound

Design variable 2| ( By Hyperstudy ) Main frame 3 mm 8 mm 8 mm
Sub frame 1T mm 5 mm 5 mm
Frame cell 1T mm 8 mm 8 mm

Shape’ -0.5 (-15mm) 0 1.5 (45mm)

Shape2 -1 (-30mm) 0 1 (30mm)

Shape3 -1 (-50mm) 0 1 (50mm)

Shape4 -1 (-50mm) 0 1 (50mm)

Shape5 -1 (-30mm) 0 1 (30mm)

Shape6 -1 (-30mm) 0 1 (30mm)

% 9719| Design variablesE HHsIASH

Small, Medium, Large frameOl| SYL5HA M-85} AL,
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A\ M3 E2 U

Constraints & objectived’d (By Hyperstudy)

Frame name Loadstep Constraint objective

Torsion force

Bending force

Side force

Torsion force *0.81Mpa
) < Minimize
Bending force —
9 (HHE{2| 2E0| mass
Side force H
=T Max stress) <Medium frameQ| A B E{ 2] 2E0|

Torsion force Ht= stress>

Bending force

Side force Mt dnelF
W Global Response Search Method

*HiEZ| 2=o =S8l 2.43MPa
(C. Zhang et al., ' Constitutive behavior and progressive mechanical failure of electrodes in

lithium-ion batteriesj, Journal of Power Sources, 2017)
S J|Zo 2 oHHA% 3 Mg

R M| ELHTHD
2\ e
Gy k" (o) = 4=
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Design variable Initial value Optimized value Frame Loadstep Stress(Mpa)
Main frame 8 mm 3.87 mm Torsion force 0.125
Sub frame 5 mm 1 mm fsramna]!, Bending force 0.192
Frame cell 8 mm 1T mm Side force 0.385

Shape1 (translate) 0 0.689 ( 20.67mm ) Torsion force 0.190
Medium .

Shape? (translate) 0 -0.556 ( -16.68mm ) frame Bending force 0.230

Shape3 (translate) 0 -0.107 ( -5.35mm ) Side force 0.438

Shape4 (translate) 0 1 (50mm) Torsion force 0.260

Shape5 (translate) 0 -0.531 ( -15.93mm ) ]l-rzrrg]z Bending force 0.374

Shape6 (translate) 0 -1 ( -30mm ) Side force 0.8104 (Acceptable)

Small frame mass : 0.971 ton — 0.694 ton (28.5% &)
Medium frame mass : 1.160 ton — 0.833 ton (28.2% &)
Large frame mass : 1.350 ton — 0.970 ton (28.1% &)

R el
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x| 53 Zat -

Initial Optimized

Initial Optimized

. Sub frame Sub frame
Main frame T=5mm Main frame T=1mm
| Frame cell Frame cell
T=8mm T=1mm
1T00mm*200mm 120.67mm*200mm
T=8mm T=3.87mm

@ HMFoerm
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Mesh size : 2mm

J\ ALTAIR

EXROE =X
Material Steel Green-sand
xXI|2E (K) 1874.15 293.15
Ot sl A

AW =512

o 2% 261 kg

O S M2 % | 60|

mAE =7| 2% 523.15K

B 27| 2% 523.15K|
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Last air

Z|0K: 80.72 m/s
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Last air Last air

WM A &5 - 80.72 m/s
M = =5 - 8.48 m/s
d HA 2 71s5/d0o| Zofd
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6. Final design & ALTAIR
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