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Paleomimetyka — zasady i sposoby
wnioskowania

* Biomimetyka, bioinspiracje,
bionika.

* Paleomimetyka,
paleobiotechnologia,
paleobioinspiracje.

* Paleomimetyka — , kreatywne
zastosowania oparte o obserwacje
systemow paleobiologicznych”
(Aish et al., 2025).

The palaeobiological "library"

Identifying solutions
from extinct taxa
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Identifying solutions

to global change
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X-ray lizard

Fossilized

Model
reconstruction

Dynamics

Perricone et al., 2022
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Morfodynamika procesow historycznych

Seilacher & Gishlick, 2014,
zmienione

* |nternal
* External
* Behavioral

(ewolucyjnych)

ENVIRONMENT

: FUNCTION
* Physical w
* Biological . FuntionalityE
..... sintermal._ ... /¢ Technology
* External * Usability

Biomaterial

* Mechanical
regulation

¢ Chemichal
regulation

* Pattern formation

* Bauplan
* Genome

CONTEXT

* Social needs

* Market acceptance
* Enviormental
impact

* Materials

* Manufacturing
processes

* Technology

¢ Culture
+ State of the art



Struts Helicoids

* Lightnessincrease * Impact resistance
* Robustnessincrease * Energy absorption

CONVERGENT
DESIGN

X

Arapaima

Diabolical Ironclad

Beetle Pterosaur

Glyptodon

Sutures

* Stress management
* Flexibilityincrease
Perricone et al., 2024



» Need Evolutive strategy Main sustained forces

Compression
To create

lightweight yet
strong
multifunctional
support structures.

] 150-200 Ma t

g Seaurchin Diatoms Glyptodon

= Phylism Echinodernat Phylum Gyrista Phylum Chordata

o o Class Bacillariophycidae Class Mammalia

5 Class Echinoidea pay

®©

= Stereom Thecae Bone

% Mg-Calicite Silica Hydroxyapatite

=  (CaMg)Co, Sio, Ca(PO,);0H

£ Trabecular Hierarchical

= eometrical PATIGWIED

& system/porous 8 ; structure

structure porosity

=

© ° Lightness e Lightness * Lightness

.S * Mechanical robustness * Mechanical resistance * Impact absorption

*8' *Optical lens * Vascularity
Perricone et al.. 2024 i * Filtration * Thermal insulation
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Osteoderm and
Micro-Ct
reconstruction

Perricone et al., 2022

Glyptodon armour

Micro-CT
analysis -

Osteoderm  Simplified model
3D model

Von Mises Shewn (WPo)

Hexagonal
Voxel-based pattern 3D printed

simulation osteoderm



Investigation Abstraction

3D scans - 3D modelling Translation of extinct biological sirategies
Computational Imaging - Numerical analysis e into design strategies

low Hostic module High

Transfer

Modelling - Analysis and Optimisation

Architectural

ditferentiation Dome = sheoped

Prototyping

Testing and validation

Main stresses idenfiication

calP™,

Back Stop Forward Design solutions

FEA onolysis
for structural opfimization

Perricone et al., 2022
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b Need Evolutive strategy Main sustained forces

To connect multiple Sutures .
; W Tension
components for enhancing

flexibility, mobility, growth, = R

\ \
and stress management

g Diabolical beetle Sea urchin Ammonite
S Phylum Arthropoda Phylum Echinodermata Phylum Mollusca o
g’ Class Insecta Class Echinoidea Class Cephalopoda -
©
& Chitin Mg-Calicite Aragonite
= (CgHy304N), (Ca,Mg)CO, CaCo,
[72]
g Ellipsoidal Finger joints + Complex'
=] interdigitated collagen fibers geometric
D suture pattern
lcm
* Flexibility . F|€Xibi“t&; ' * Mechanical robustness
* Impact-resistance Energy absorption Buoyancy

* Growth
Perricone et al., 2024

Functionality
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[ DESIGN SPACE —

ROSOTIC
FABRICATION

T bESIGN

DOUBLE LAYER COLUMNS. SEOMENY DISFERENTIATION

4 $
£ strvetuan.
$ S 7

| PROCRAMMING

DHFFERENT

COLUMN OPENINGS o]

nBRouS OUBLE LAYER
FFERENTUTION FRNNER SO, CONNECTIONS SHEAL

b ) Structural Analysis

Maximum
displicement

00mm

84mm

Perricone et al., 2024
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To withstand
multiple impacts

Mantis shrimp
Phylum Arthropoda
Class Malacostraca

Organism

Hydroxyapatite
Cag(PO,);0H
Chitin
(C8H13OSN)n

Material

Helicoidal
arrangment of
fibers in the
club

Helicoid

*Toughness increase
* High-impact absorption

Functionality

Impacts

95-66 Ma T

Arapaima P:]ell'osaul;‘ ;
Phylum Chordata Phylum Chor: .ata
Class Sauropsida

Class Actinopterygii

Collagen ‘
C,4HgN,0;3R,:(C;HgN,0,R),, Hydroxyapatite
Hydroxyapatite Cag(PO,);0H
Cas(PO,);0OH

Helicoidal
microarchitecture of
the hyper-elongate
cervical vertebrae

fibrils arranged in a
helicoidal
architecture in the
scale

10mm

* Crack deflection * Lightness
* Resistance to puncture * Buckling load increase
* Resistance to bending
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Adaptive Structural Solutic
Hard-body Prey

Biological
Information

Soft-body Prey

Hammer-like Artificial

Spear-like d Intelligence
appendages appendages
Helicoid
Advanced
manufacturing
Food competition Advanced Engineering Needs

Perricone et al., 2024



Ewolucyjne ograniczenia paleomimetyki

* Ograniczenie filogenetyczne - historia
ewolucyjna wptywa na przyszty przebieg
ewolucji i ogranicza zdolnosci
adaptacyjne.

* Ograniczenie funkcjonalne -2
multifunkcjonalnosc struktur zalezy od
kontekstu ekologicznego.

* Ograniczenie srodowiskowe 2>
dywersyfikacja do réznych warunkow
s’rodowiskowxch (nisz ekologicznych/stref
adaptacyjnych) jest mozliwa wytacznie
pod warunkiem obecnosci
zroznicowanego srodowiska. Broeckhoven & du Plessis, 2023




