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Research Background
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Next-generation aerospace and advanced manufacturing systems require
extremely-high-performance and multifunctional materials/structures

Aerospace complex thin- High-end machine tool Large space
walled structures moving components optical mirrors

Ultra-lightweight

Ultra-high stiffness

Thermal stability

Integrated load-bearing and thermal
management

Ultra-lightweight
Ultra-high surface accuracy
Ultra-high thermal stability

Ultra-lightweight

Ultra-high load-bearing capacity
Extreme heat resistance
Ultra-high precision
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Integrated designand manufactiaring of lightweight, high-performance,

multifunctional materials’and structures




New opportunitiés fromylattice structures and additive manufacturi
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Lightweight, high-strength, multifunctional lattices
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Integrated design and AWI-6f TPMS'shell lattices and a Ilcatlon
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Design and metal AM of high-strength, high ~ CT-based high-fidelity and high-accuracy FE
energy absorption TPMS shell lattices modelling of considering AM defects

ES highly cited paper, citation: 1000+ Defect analysis Defect mapping
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Design of buckling-resistant Single track scanning strategy
hierarchical shell lattices for laser powder bed fusion

Design of ultralight and ultra-strong
ribbed shell lattices

# of unit cell: >2000
Min. shell thickness: 170um
Weight reduction: >60%

D|rect slicing software of large-scale and

ultra-thin shell lattices and applications




Challenge: how to desigrultralight'and ultra=stron Iattlce.
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* Aspect ratio >50

« Rapid decease of strength w.r.t
density

Bauer et al. (2017)

Compressive Strength / Young's Modulus, 6,/ E, (-)

10% 100%
Relative Density, p (-)

Buckling strength gptimization is therkey of designing ultralight and ultra-strong lattices




Challenge: how to desigm ultralight'and ultrasstrong lattice? i
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Ultra thin snell
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= Neovius shell (TPL)
---- Suquet upper bound.
—-— Voigt bound
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: Octet truss (PuSL)

g = Isotropic truss (PUSL)

! Cubic+octet plate (PuSL)
Schwarz P shell (PuSL)
I-WP shell (PLSL)
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Relative density, p
Xlaoyan L| & Huajlang Gao et al. PNAS (2022), Sci. Adv. (2024)

 Where to arrange ribs for buckling strength optimization?

 How to design ribs on complex triply periodic minimal surfaces?
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The intrinsic relation between geometric andymiechanic
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Accurate geom. model to uncover the intrinsic geometry-mechanics relation of TPMS thin shell lattice

Rib design guidelines from geometric information
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PDE for minimal surface
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LOA (Line of Asymptote)
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Optimization of ¥ib layout
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-~ Critical buckling strength
[ —@—0.2% offset strength

Optimal ribs: passing through the umbilics (zero-curvature point)

Buckling-yielding
transition
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LOA rib LOC rib

Suppress of shell buckling
Rib buckling

Buckling deformation at
zero-curvature regions

Strengthening Mechanism

 Buckling suppression
« Stress redistribution
 Extra Load path
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Single-track scanfiing strategy laser/AM of ultra-thin shell lattices i
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Single-track laser scanning strategy: reduce the printable min. thickness to a single melt-pool width,
achieving the physical limit of the printing resolution

Single-trackflaser path

Laser AM of ultra-thin shell'attices I\,(;I;terlals & Design’ Cover-pape

Conventional LPBF AV - : ¢
Min. thickness -

' . >300i1m—>170|.1m .E ;( ;




Experimental validation
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Opt. ribs enable buckling suppression and stress redistribution, enhancing strength and energy absorption up to
101% and 61%.

LOC: Buckling LOA: Buckling
Unribbed: buckling i ;ﬁpression
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LOA ribbed sheI LOC ribbed sheII
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unribbed
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Strain [-] 0 Von Mises strain (-) 0.06 0 Von Mises strain (-) 0026 0 Von Mises strain (-) 0.02
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Application: lightweight design and’AM of méying components for
high-end CNG:machine-tools v \7==rsuTull |

N ‘ :5 - 3 — _ "\
#® | v Swing head box weight

reduction 60% -
Stiffness requirement
satisfied

_Added heat dissipation

Moving beam weight reduction 20%

Five-axis _gantry CNC Total length of the beam: 2.16m (inc. 6 sections)
machine tool Total unit cell numbers >22000
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Conclusions andioutlook

Conclusions
« Buckiing strength optimization is the key of designing ultralight and ultra-strong lattices
« Rib-reinforcement design is an effective way to improve the strength of ultralight shell lattices

« The intrinsic relations between the geometric and stress directions of thin shelis provide
insights and guidelines for designing ribs

Outlook

« Material-structure-process-performance integrated and intelligent design is highly
promising for next-generation aerospace structures with extreme performance under extreme
working conditions
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