ICPSS

Design, Experiment and Analysis of
Protective Structures

Proceedings of the Sth Int rnannaI
19-23 August 2 8, Poznan, P

0

o

71 1 J [ J J/ /] 7/
1111171117

0 : 2 T O
?5 : Valalalalalalaln

m
| ]

Hoofop
=

""" IaRaRal

-

U

i =
T )

|
""" FEEFEEFFFEEHEEE] {ﬂnnmnmn




Design, Experiment and Analysis
of Protective Structures

Proceedings of the 5th International Conference
on Protective Structures | ICPS5

19-23 August 2018, Poznan, Poland

Poznan University of Technology PUT | Poland

Honorary patronage

Ministry of Science P N
and Higher Education

Republic of Poland

) IAP International Association
® :
of Protective Structures

Poznan, 2018



Design, Experiment and Analysis of Protective Structures

Proceedings of the 5th International Conference on Protective Structures (ICPS5)
Poznan, Poland, 19-23 August 2018.

Edited by Piotr W. Sielicki, T. Gajewski & M. Szymczyk.

Published by Agencja Reklamowa COMPRINT

ul. Nikodema Pajzderskiego 22

60-469 Poznan

This work was supported by the National Science Centre, Poland, for the project Miniatura
no. 2017/01/X/ST8/01035.

ISBN: 978-83-89333-71-1 (e-version)
Although all care is taken to ensure integrity and the quality of this publications and the information

herein, no responsibility is assumed by the publishers nor the author for any damage to the property of
person as a result of operation or use this publication and/or the information contained herein.



The concept of virtual cellular material in peridynamic modelling of
deformation processes
Ryszard B. Pecherski, Zdzistaw Nowak, Eligiusz Postek

Institute of Fundamental Technological Research, Polish Academy of Sciences, Pawinskiego 5B, 02-106 Warsaw, Poland

rpecher@ippt.pan.pl

1 Introduction

The study of modern cellular materials due to complexity of their internal structure requires the ap-
plication of efficient computational methods. One of such methods developed in the last 10 years is
peridynamics [1], [2]. This approach resulted in the parallelized code [3] that is used in presented analy-

sis.

The subject of the study are alumina foams produced by gelcasting method and metallic cellular
materials that can be produced in the process of additive manufacturing. The results of microtomography
of alumina foams are used to create the numerical model reconstructing the structure of foam skeleton.
In this way an example of virtual cellular material is reconstructed, [4], [5], [6]. The other example of
virtual material with topology generated by tomograms obtained for polyurethane foams [7] and [8] is
studied as well. The skeleton material of such a virtual cellular structure is assumed as OFHC copper.
The oxygen-free high conductivity (OFHC) copper powder can be used in additive manufacturing to
produce the open-cell multifunctional structures, e.g., crush-resistant heat exchangers, heat capacitors,

elc.

The numerical simulations of failure strength under compression for the 3D virtual alumina foams
are performed. The calculations with use of the numerical model are time consuming. Therefore, the
simplified method of the assessment of failure strength is proposed. We attempt to present the mechanism
of damaging of a crushable foam under impact. Also preliminary results of virtual cellular material with

the OFHC copper skeleton are discussed



2 Material model of solid alumina

The deformation and progressive damage of the skeleton of alumina foam body that impacts a stiff wall
with velocities 50 m/s and 100 m/s, Figure 1 and Figure 2, respectively is analysed. The velocities are
directed downwards along the Figures. One of the most important aspects in numerical simulation of the
material is to formulate constitutive material model. The elastic part of deformation for solid alumina
describes isotropic Hooke’s law. Assuming that the damage of the skeleton is isotropic, the maximum

reduced stress can be expressed as follows, [9].

max:Gmax(l_D) (1)

where the reduced stress is related to the non-dimensional damage variable D=A/Ay where A is the

damaged area, and A is the initial area. The variable D varies between 0 and 1.

3 Numerical results

The Young modulus is assumed 370 GPa and Poisson’s ratio 0.22 and density 3.92g/cm?, cf. [6]. The
virtual foam skeleton is discretized with 585897 points. The critical strain is assumed 0.0005. Let us

note the gradual damage in the samples shown in the both Figures 1 and 2.

Figure 1: Damage advancement, impact velocity 50 m/s: (a) time instant 7.7E-08 s; (b) time instant

15.5E-08 s; (c¢) time instant 23.3E-08 s



Figure 2: Damage advancement, impact velocity 100 m/s: (a) time instant 7.7E-08 s; (b) time instant

15.5E-08 s; (¢) time instant 23.3E-08 s

An interesting observation is done in Figures 1(b) and 2(b). We find that the maximum values of
damage variable that are close to 1, form islands in the entire structure, far from the attacking edge. It

can be interpreted that stress wave phenomena play a role during this kind of process.

4 Final Remarks

A numerical model for the open-cell ceramic foam structures is presented. The increase of localized
stresses and the brittle nature of ceramics cause the failure of some struts of ceramic foam. For this
reason the understanding of stress state in ceramic foam is necessary. Several numerical simulations
have been performed to analyze the influence of applied velocity on the compressive strength of the
considered alumina foam. The peridynamic modelling is applied to investigate its dynamic damage

process under axial compression.
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