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Stochastic foams Truss-based lattices Plate-based lattices Shellular lattices
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TPMS-P

TPMS-G

TPMS-D TPMS-L

v' Metamaterials derive their properties not from the properties of the base materials, but from their newly designed structures.

v The precise shape, geometry, size, orientation and arrangement gives metamaterlals smart properties that go beyond what is
possible with conventional materlals
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« Peiqing Liu, Bingteng Sun, Jikai Liu, Lin Lu*, Parametric Shell Lattice with Tailored Mechanical Properties, Additive
Manufacturing, Volume 60, Part B, December 2022, 103258.

« Bingteng Sun, Xin Yan, Peiginge Liu, Yang Xia, Lin Lu*, Parametric Plate Lattices: Modeling and Optimization of Plate
Lattices with Superior Mechanical Properties, Additive Manufacturing, May 2023, 103626.

« Yonglai Xu, Hao Pan, Ruonan Wang, Qiang Du, Lin Lu*, New families of Triply Periodic Minimal Surface-like Shell
Lattices, Additive Manufacturing, September 2023, 103779. >
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| iR/ \BiE (Minimal Surfaces)

RNHEEMD VTP — M EERS, BEERENVITERT, HEERIEENRIHREREERRI LR,
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Minimal surfaces in nature.

Soap films are minimal surfaces.

Joseph Plateau proved that a soap film
minimizes area among nearby surface.
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Input mesh Our method Surface Evolver Surface Evolver*

[Pan et al. ACM TOG 2012] et al. ACM TOG 2021]

(a) (b) (c)

[Xu et al. Journal of Software 2016] [Palmer et al. CVPR 2022]
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| =3Bt BiE (Triply Periodic Minimal Surface, TPMS)

TPMSHERANEN SN NEENFEF L. YY) = X F(k)cos[2nk -1 — a(k)] =

i

)

p )= Cos(I cos(T) o cos(Z) = C

D $(r) = cos(X) cos(¥) cos(Z) — sin(X) sin(Y) sin(2) = C

G $(r) = sin(X) cos(Y)+sin(Z) cos(X)+sin(¥) cos(Z) = C
LWP #(r) = 2[cos(X) cos(Y) + cos(Y) cos(Z) + cos(Z)

cos(X)] - [cos(2X) + cos(2Y) + cos(22)] =C
@(r) =4 cos(X) cos(Y) cos(Z) — [cos(2X) cos(2Y)

@mswog

F-RD + cos(2X) cos(2Z) + cos(2Y) cos(22)]=C
#(r) = 10[cos(X) + cos(Y) + cos(Z)] — 5.1[cos(X) -
Tubular P cos(Y) + cos(Y) cos(Z) + cos(Z) cos(X)] — 14.6 =C "~

= =REE/ N\ ERIA X=2nx,Y=2ny, Z=2nz °
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e Yonglai Xu, Hao Pan, Ruonan Wang, Qiang Du, Lin Lu*, New families of Triply Periodic Minimal Surface-
like Shell Lattices, Additive Manufacturing, September 2023, 103779.
10



M| EXEiEERT

LA1/8X 5 B AR ETT M1/8Z51E R R RS

11



| ih RGN RESEIL

(- h

AN e
* %Xy topo_10 y ﬁﬁ%ﬁé —1

R

AN
-

\— *_J

NS siss Wy =
- [AG \E JJ/ > > \L | f T$E%§ﬁ1% \é\/\l N
T

By —NE_ L ETAE _— e=m==s \ oy
BOLEEA T H | 2Bl =
- =}

\ topo_16 topo_17 topo_18 s -‘r;pgf- - topo_20 )
MBI ERATAFIAF \/

12



| itEtR e

- FRELS ‘EETE[E] AEEMISYIIRRFNG
At ZTIMNBFIESHELTR

’,f HRCR
% Zpbdryert pbdryf9 (pbdry) tV,

input boundary iteration = 10? iteration = 103 iteration = 10* iteration = 103

arg mgln EX~U [|a}’f(x) + fog(X)”

[DeepCurrents: Learning Implicit Representations of
Shapes with Boundaries, Palmer et al. CVPR 2022]
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Schwarz Primitive Schwarz Diamond Schoen’s I-WP Schoen’s F-RD Neovius
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(e) topo_11_rrr

(j) topo_1_trr
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Type

P-like

IWP

IWP-like

N-like

Mean curvature

il

L

-0.04
H
0.04

il

-0.08

0.08

-0.08
H
0.08

L | |

-0.04 0 0.04 -0.04 0 0.04] -0.08 0 0.08 -0.08 0 0.08 1-0.08 0 0.08 -0.08 0 0.08
Surface area(cm?) 2.35 2.33 3.55 3.56 3.53 3.55
Vertices number 3192 3186 4822 4912 4678 4753
Faces number 6085 6042 9171 9307 8900 9037
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