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Bracket with Graded Lattices
built by Additive Manufacturing

Cheng et al. 2017, 2018

https://www.ansys.com/blog/inspections-additive-
manufactured-parts-ct-scanning-simulation

Ya

Homogenization Method
Topology Optimization
Bendsge & Kikuchi, 1988

Separation of Scales
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Wu, Xia et al. CMAME 2019
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Proper Orthogonal Decomposition (POD) n

Interpolation of POD Projection Coefficients

K™(p) = @, (p)[¢1] + @2(0)[ha] + -+ T (0) (] -
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Liu, Xia et al. SMO 2019
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ymln — yl] = Ymax Xij = tanh(fn)+tanh(B(1-n))

Krd(xl]»yU) — Lj= 1{xp II\</1=1(¢j)(1_xfk)}Krd(yU) |
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120 x 120

' 0
volume fraction 30% square elements [T11

E
Ny x Ny Case A Case B
E Substructures 0<p(t) <1
IIIIII |  HEEEEEEEEEEN
8 X4 ¢ = 36654 16 X8 ¢ =218.47 24 X 12 ¢ =181.82
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120 x 120
square elements

O

volume fraction 30%

NI Case A Case B
E Substructures 0<p(t) <1
//
8x4 ¢=237.62 16 x 8 ¢ = 186.39 24 x12 ¢ = 166.52
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120 x 120

' 0
volume fraction 30% square elements

t
(p-1) Kgrd
@ Ny X Ny Case A Case B p (p)
@- Substructures 0<p(t) <1
B > DDA
p=10 c¢c=166.52 p=15 ¢=171.50 p=20 c¢c=175.22
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volume fraction 30%

|

Ny x Ny
Substructures

A

T

M3

M4

RN

M1&M6 2 types M1-M6 6 types

c = 224.23 c =215.92

¢ = 183.27 c =172.97
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M1&M6 2 types M1-M6 6 types
c = 183.27 c =172.97
X X /

M1&M6 20.7% 79.3%
M1-Mé6 0.9% 19.4% 18.5% 0.0% 14.8% 46.4%

1 =3 4 I N X
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thermal-elastic designs
volume fraction 20% / 6 lattice types / 0.05 <y < 0.95

AT

Ny x Ny
Substructures
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oy ot
2t Physically interpretable
for intermediate densities

type 1 type 2 & fully coupled
density : Ymin < Y(t) < Ymax

o XPXDXIXIX
ST XX

An alternative approach to lattice topology optimization

interpolation on substructure stiffness matrix

A lot can be done within this framework

stress constraints, fracture, thermal, dynamic, 3D printing, ... ...

Thank you for your attention !
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