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Abstract

To predict the dynamic behaviour of structures under the
effect of impact, we approach the dynamic problem in the
form of a numerical simulation of impact on a cracked plate.
Our choice is focused on a numerical simulation in order to
examine the response of a cracked aluminium alloy plate
impacted by a spherical steel projectile. The use of ANSYS®
LS Dyn (dynamic explicit) sofiware allows us to study this
behaviour as a function of the boundary conditions, and the
geometric parameters of a plate and the sphere, taking into
account the variation of the crack length. A comparison is
made with the case of a healthy plate without defects dynam-
ically stressed under the same conditions. In addition, the
calculation of the equivalent Von Mises stresses and equiv-
alent elastic deformations are carried out.

INTRODUCTION

The fathers of linear fracture mechanics are recognised
as Griffith (1893-1963) and Irwin (1907-1998). The first
perception by man of the phenomenon of fracture dates
back to the prehistoric era and the manufacture of tools by
flint cutting (brittle fracture by cleavage). Until the 16%
century, the phenomenon of fracture was used mainly for
the extraction of blocks of material for construction (Egyp-
tian pyramids and obelisks, Mesoamerican temples and pyra-
mids, cathedrals and Middle Ages constructions, etc.) or the
manufacture of tools (Gallo-Roman millstones).

Several analytical and experimental studies have investi-
gated the elastic impact of perfectly fitted laminates. Mori-
arty and Goldsmith /1/ conducted experimental investiga-
tion on the dynamic energy absorption characteristics of
structures. Minak and Ghelli /2/ studied the influence of
diameter and boundary conditions on the low velocity impact
response of circular CFRP laminated plates. The tests indi-
cated that the dimensions and boundary conditions influ-
ence the impact behaviour of the material, as they affect the
stiffness of the target. Craven, Sztefek, and Olsson /3/ con-
ducted research on impact damage in multidirectional struc-
tures and its effects on local tensile stiffness. The important
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Kljucne reci

« ploca sa prslinom

- udar

« dinamicko ponasanje
« ANSYS LS Dyn

« sferni projektil

Izvod

Radi predvidanja dinamickog ponasanja konstrukcija pod
dejstvom udara, mi pristupamo dinamickom problemu putem
numericke simulacije udara o plocu sa prslinom. Nas izbor
se fokusira na numericku simulaciju kako bi se proucio odziv
ploce sa prslinom od legure aluminijuma, posle sudara sa
sfernim Celicnim projektilom. Primena softvera ANSYS® LS
Dyn (dynamic explicit) omoguéava nam da istrazimo ovo
ponasanje u funkciji granicnih uslova, kao i geometrijskih
parametara ploce i sfere, uzimajuci u obzir varijacije duzZine
prsline. Izvedeno je poredenje ovog slucaja sa plocom bez
gresaka, koja je takode podvrgnuta dinamickom optereéenju
u istim uslovima. Pored toga, izveden je proracun ekviva-
lentnih Von Mizesovih napona i ekvivalentnih elasticnih
deformacija.

parameters of impact damage under tensile loading were
identified as crack failures.

However, risks associated with the dynamic propagation
of cracks under impact are still very difficult to estimate.
On the one hand, although many experiments have already
been carried out, obtaining experimental results remains
tricky, particularly if we are looking for specific loading
and propagation conditions. On the other hand, numerical
simulation tools for dynamic crack propagation are still few
in number, and it is difficult to use and integrate rudimen-
tary propagation criteria, /4/.

If materials contain a number of microcracks that become
unstable and lead to fracture when the applied stress exceeds
a critical value. To understand this behaviour, it is necessary
to analyse in detail the phenomena occurring at the tip of a
crack. The study of the behaviour of a crack under stress
forms the basis of fracture mechanics, /5, 6/.

LINEAR ELASTIC FRACTURE MECHANICS (LEFM)

The determination of o and &, in a cracked structure uses
classical methods in mechanics, but they are difficult to use.
Two particular stress states can be distinguished: the plane
stress state and the plane strain state. We find ourselves in a
plane stress state, for example, in a thin sheet subjected to
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forces in its plane. The plane strain state can take place at
the centre of a thick part, where the triaxiality of the stresses
is significant.

Plane stresses

We say that we are in a state of plane constraints if all
the components along the direction of the Z axis (for exam-
ple) are zero /5/:

Oy =Txz =Ty =0. 1

The other components of stresses and strains along the X,
Y axes are given by Hooke's law as follows:

Oxx I v 0 || exx
oyy |= v 10 | ey | ()

Txy (1_V ) 1-v 2€XY

0 0 —
or else: {o}=[D]{¢} > 3)
«9)()(:%(0')()(—VO'YY)7 (4)
gyyzé(oyy—vaxx), (5)
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The plane stress state is encountered in the case of a thin
plate, loaded in its plane, from where the dimension along Z
is negligible compared to dimensions in the plane (XY) /6/.

Plane deformations

We say that we are in a state of plane deformation if the
deformation preserves the flatness of any straight section
perpendicular to the Z axis.

The conditions for a plane deformation state are:

+ out-of-plane deformations:

€ZZ:8XZ:€YZ:0a (9)
- the two transverse shear stresses in the plane are zero:
Tyy =Tyy = 0. (10)

The other components of stresses and strains along the X,
Y axes are given by Hooke's law according to the following
expressions:

Oxx I-v v 0 |lexx
oy l=—L— v 1ev 0 ey |- aD
T -2 s v
Txy 0 =2v || 2exy
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The plane stress hypothesis implies &7z =—v (oxx+ oyy)/E
that is therefore singular in 7~"2, but the compatibility Egs.
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(8) require that it is linear in X and Y and therefore regular.
This incompatibility does not exist in the plane strain solu-
tion.

The elementary cracking mode I used in this study (Fig.
1) that is, the two surfaces of the crack move relative to
each other in a direction perpendicular to the plane of the
crack. It is similar to the displacement produced by a recti-
linear corner dislocation parallel to the crack front whose
Burgers vector is parallel to the displacement.

Figurel. Mode I crack opening.
NUMERICAL SIMULATION

This research is part of the study of the behaviour of a
cracked plate subjected to the impact of a spherical projec-
tile using the ANSYS calculation code. The aim is to analyse
the impact phenomenon and its effect on plates in general
and cracked plates in particular, and to make a comparison
between the two types. For the numerical simulation, the two
200x400x3 mm?® flexible aluminium plates are impacted by
a rigid spherical steel projectile of mass 0.26306 kg and 40
mm in diameter. The cracked plate contains two cracks at the
edges. The behaviour of the two plates during impact is
analysed in terms of equivalent elastic stresses and defor-
mations. The influence of crack size on the dynamic response
of the plate is also discussed.

For comparison purposes, the two plate types are distin-
guished: an uncracked plate (Fig. 2), and a plate cracked on
both edges (Fig. 3).

The geometric models of the two plates and the spherical
projectile are designed with Solidworks® 2016 for analysis
and saved in *.igs file format, then imported into ANSYS®
Workbench.
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Figure 2. Geometric model of the uncracked plate.
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Figure 3. Geometric model of the cracked plate.
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Table 1. Sizes of the plate and sphere.
Structures

Sizes
length L =400 mm, width
1 =200 mm, thickness t =3 mm
radius R = 15 mm

d=10 mm

Plates (targets)

Spheres (projectiles)
Initial distance between
plate and sphere

Materials of the three geometries

In this study, high carbon FG25 gray cast iron, with good
conductivity, fairly good mechanical strength and low wear
/7-9/ is chosen for the spherical projectile, and aluminium
for both plates. Table 2 summarises their properties.
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Table 2. Mechanical properties of spherical steel projectile and
aluminium plates, /10/.

Material Density | Young’s modulus [Poisson’s| Mass

p (kg/m?) E (N/m?) ratio v | m (kg)

Al alloy plate 2770 7.110 0.33  [0.66463
steel projectile| 7850 21 0.3 0.263

Creating a mesh using finite elements

A mesh can be defined as a discretisation of geometry into
small subdomains. A mesh can be triangular with 4 nodes.
The subdomains are often called elements or cells, and the
collection of all elements or cells is called a mesh or grid,
and physics calculates the appropriate parameters for each
node point, /11/.

Figure 4 shows the volume mesh of both the cracked and
uncracked plate, respectively. This mesh uses 2130 nodes
and 3805 elements for the cracked plate, and 2132 nodes
and 3814 elements for the uncracked plate. The models are
analysed and crushed to obtain the results of equivalent
stresses and equivalent elastic strains.

300,08 (mm) 19 :
580 56 15,00 25m
Figure 4. Uncracked- and cracked plate mesh.

Assuming that:
- plates are flexible while the sphere is a rigid body;
- cracked plate is embedded on the two uncracked edges;
- distance between the sphere and the plate is 10 mm;
- impact speed is 2.5 m/s;
- impact duration is £ = 0.002 s;
- crack length is a/w = 0.075,
the loading and boundary conditions are defined as shown
in Figs. 5 and 6, whereas impact speed is shown in Fig. 7.

300,00 fne)

" asm
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Figure 5. Loading and boundary conditions of uncracked plate.
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Figure 6. Loading and boundary conditions of cracked plate.
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Figure 7. Impact speed.
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RESULTS AND DISCUSSION

Comparison of the distribution of the equivalent Von Mises
stress field between the two impacted plates

During impact and when the plate is in contact with the
spherical projectile, the comparison between the results of
these two types shows that a high concentration of stresses
is located at the contact zone of the uncracked plate with a
maximal value of 98.3 MPa that gradually decrease to the
corners of the plate edges but with a minimal value of 7.4
MPa, Fig. 8.

In the case of the cracked plate impacted by the sphere,
results show that the maximal equivalent stress, 344.2 MPa,
is located near the crack tip and then it gradually decreases
towards the free edges of the crack, Fig. 9. In addition, the
stresses in the vicinity of the contact point are very low.

150,00
75,00 225,00

300,00 {rm)
]

Figure 8. Distribution of Von Mises stresses in the uncracked plate.

0,00 150,00 300,00 {rm)
I ]

75,00 225,00
Figure 9. Distribution of Von Mises stresses in the cracked plate.

Influence of crack length variation on equivalent stress field
variation

Under the effect of changing the crack length, respectively
a/w = 0.063; 0.075; 0.1 and under the same boundary con-
ditions as used previously, Fig. 10 shows that in each of
these 3 variants one can see that the equivalent stresses are
concentrated mainly near the crack tip and then gradually
decrease towards the free edges of the crack.
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The maximal value of equivalent stress appears in the
cracked plate with a length of a/w = 0.1.

It can be concluded that the variation of crack length has
an influence on the equivalent stress distribution during the
impact.

Curves of equivalent Von Mises stresses have the same
appearance, Fig. 11, as they go through three phases: the first
phase includes two stages - the first stage corresponds to the
contact between the plate and sphere; and in the second stage

the level of stresses rises with damage caused from the dif 2741887

\\

2,0564e7
1,370%e7
6,8546e6
0 Min

0,050
Figure 10. Influence of crack length variation on the variation of
Von Mises equivalent stress distribution: a) a/w = 0; b) a/w =
0.063; ¢) a/w=10.075; d) a/w = 0.1.

ference between potential and kinetic energy of the two
structures (the energy of the impactor being greater than that
of the plate). In the second phase the damage is present with
stress peaks. In the third phase the damage threshold or part
of the energy is used to make the impactor rise, this is the
rebound phenomenon.
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Figure 11. Von Mises stresses with an impact velocity of 2.5 m/s
as a function of the variation of crack length.

Contrainte équivalente (Von-Mises) [Pa]

Influence of impact velocity variation on the variation of
Von Mises equivalent stress

Under the effect of change of impact velocity, respectively
v=1,1.5,2,2.5, and 3 m/s under the same boundary condi-
tions used previously. Figure 12 shows that for each of 5
variants, it is observed that the equivalent stress increases

. with the increase of impact velocity. It can also be noticed
6498e7 / that the equivalent stress decreases rapidly after initial
1,9874e7 . o . .

1324887 impact. It can be concluded that the variation of impact

6,6245¢6 L . L. . .
0 Min velocity influences the distribution of equivalent stress

during impact.
w
0,000 0,200 (m) é’v
L
0,100
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Figure 12. Variation of equivalent stress as a function of variation
in impact speed.

CONCLUSIONS

This work is part of the dynamic impact analysis on a
cracked plate. The study made it possible to understand the
behaviour of a healthy plate and a cracked plate under the
effect of a dynamic impact of the spherical projectile type.
A calculation of dynamic stress intensity factors for the case
of different crack lengths is carried out. Modelling, discreti-
sation and dynamic calculation are performed using the finite
element calculation code ANSYS Workbench. It is found
that the healthy plate has a higher dynamic behaviour than
that of an identical plate cracked at the edges.

For the uncracked plate, at the moment of impact, the
stresses are maximal around the point of contact while for
the cracked plate; these are maximal in the vicinity of the
crack tips.

The increase in edge crack length has an influence on the
dynamic behaviour of the cracked plate through the evolu-
tion of equivalent stresses.

The variation of the impact speed has an influence on the
distribution of the equivalent stress during the impact.
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