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» Energy absorbing material
» Human body response during impact forces

» Advanced protective system to prevent injuries during:
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Research Motivation

» This research will be focused on the safety of human body parts,
particularly the most crucial component, the head.
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<} M Problem Statement

» Tissue level biomechanical responses of human brain during impact with the
detailed FE model.

» To investigate unique tailored-made materials for human protection under
diverse loading and off-nominal condition.
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Research Workflow
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Phase #1

Study of human head model:

» Detailed network of cerebral vasculature, including the major veins and arteries as well
as their branch vessels.

Skin and Adipose Tissue Skull and Cervical Spine

b

¢ Eyes, Frontal Sinus, and Meninges d Brain and Cerebtral Vessels

Karan Gupta New approaches to protect the human body from impacts



UNIVERSITA

Phase #2

Head Design and Simulation:

» To develop high-fidelity detailed design network of cerebral vasculature, including the major veins
and arteries as well as their branch vessels.

» To conduct trauma simulations at different attacking angle to determine the intracranial pressure
(ICP), the relative displacement (RD), the von Mises stress, and the maximum principal strain and its
validation with experimental data.

Medical images:
CT - skull

MRI - soft tissues mod(-l.

Finite-element dynamic model Material and structural modelling
of CNS

Computer-aided 3D geometrical

LJ.
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Energy Absorbing Material (Metamaterials):

»  Negative stiffness-based cellular materials.

»  Carbon nanolattices with spinodal topologies.
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Simulation of coupled system and its comparison with
experimental data
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v" FE modeling of brain tissue that influence the assessment of the actual biomechanical
response of the brain during dynamic analysis.

v" Novel energy absorbing material for the sole purpose to minimize TBI during off-nominal
conditions and protection of human from micro-meteroids.

v" Further implementation of state of the art to other vital parts of body for protection either on
space, land and water.

Applications: Military Equipment’s
Aerospace Structure’s

Sports Equipment’s

Karan Gupta New approaches to protect the human body from impacts 10



2\ UNIVERSITA
S DEGLI STUDI
S

DI PADOVA

THIB-{) YEAR
WBS | eTinE % OF TASK - 7 | b
NUMBER COMPLETE O N D JFMAMJJASONDJIJFMAMIJASOND I FMAMUIIAS
1 Shucy of the State of the at
I 1.1 impad corelation with human (k .
I 12 Sio-machanical responses of head anatomy oL..
r 13 Head Inunes and its evaluation (L
e Humar head FE modet o
I 15 Energy absorobing matenal q\.
2 Head Design and Samailation
21 30 Design of heao Q\
I 22 impact Simulation u'\
I 23 Post-Processing of results &;
I 24 Critical point detection c:h
3 MNew faatenial Indusion
Fa1 New state of art conoapt & ts companson m.
Yz Design of matesial q.,
33 Coupled head made! with matenal
r 34 Post-Processing of results (k
Fas Resuit companson with exparimental cata (h
4 Thesls and Reports I
Tar | Repoms «.k =] = = =i #
&T. Thesis wriing o
Faa Confrences panticipation ¢. [} il i =
¥s Educatanal Achties
M5 LS 1V D VO O O 1) ) LU ) S ) O A 0 A )

Karan Gupta New approaches to protect the human body from impacts 11



Thanks for the attention

UNIVERSITA
DEGLI STUDI
DI PADOVA

1222-2022

()()

A NN I




