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Some of the material demands in the advanced industries cannot be fulfilled by monolithic materials.
Therefore, composite materials have been developed. The combination of desired properties of thermoplas-
tics and glass particles (high strength and high modulus) is the aim of composites production Particles are
becoming increasingly popular reinforcing elements in products made by injection molding. Particles rein-
forcement allows the polymer to be processed employing the same methods as those used for unreinforced
polymers. The loads are not directly applied to the reinforcements, but they are applied to the matrix and
some of the loads applied are transferred to the particles. The development of micromechanics equations
for the particulate composites follows along the same lines as those for the short fiber reinforced compo-
sites. Particles are used to increase the strength or other properties of inexpensive materials during rein-
forcement with other matrix materials. The objective of this study is to analyse the particle breaking effect
in composite made of nylon 66 (PA) matrix reinforced with glass particles, in which the particles diameters
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of 19.61, 26.15, 39.22 and 78.45 um were used. A volume fraction of 20 % was assumed in each model.

Keywords: Broken particle, Nylon matrix, Composite, Stress transfer, Finite element.

DOL: 10.21272/nep.15(5).05007

1. INTRODUCTION

The different types of composite materials are de-
fined according to the nature of the reinforcements
which can be of very different natures. The reinforce-
ments are particles, short or continuous fibers [1]. The
addition of stiff reinforcements in thermoplastics is an
established practice in the polymer industry, introducing
a stiff second phase, substantial improvements in stiff-
ness, strength, creep performance, fracture toughness,
can be obtained [2]. Fibers are often used as reinforce-
ment, although this often results in anisotropic proper-
ties. This can cause problems and variations in compo-
nent dimensions. The high costs and technical difficul-
ties associated with the evolution of the manufacture of
fiber reinforced composites sometimes limit their use in
many applications [3]. Particulate fillers in the form of
spheres can sometimes be a better choice when tight
tolerances or isotropic properties are required [2].

A composite material is said to be particulate when
its reinforcement is in the form of particles that do not
have a preferred dimension (Fig.1). They are used to
increase the properties of materials during the rein-
forcement of the matrix [4], they are used to improve
characteristics such as the rigidity of the matrix, the
resistance to abrasion or the resistance to temperature,
to increase the modulus of the composite, decrease per-
meability and also decrease ductility. They are also often
used to reduce the cost of the material [5]. The geometric
arrangement of the constituents and the shapes of the
particles only play a secondary role [6], generally, the
particles are spherical, ellipsoidal, polyhedral or irregu-
larly shaped, they are added to a liquid matrix which
subsequently solidifies in a certain process.

Young's modulus is significantly improved by adding
micro and nanoparticles to a polymer matrix because
the hard particles have much higher stiffness values
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than the matrix [7]. The particles can be treated or
untreated during reinforcement. Particle-reinforced
materials are more attractive due to their cost-
effectiveness, isotropic properties, and ability to be pro-
cessed using technology similar to that used for mono-
lithic materials [8]. The behavior of the macroscopically
isotropic particle-reinforced two-phase composite is
mainly determined by the behavior of the constituent
materials, the volume fraction of the matrix and the
inhomogeneities.
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Fig. 1 - Different types of particles [5]

The purpose of this work is to analyze the broken
particle effect of glass particle reinforced nylon 66 (PA)
matrix composites considering the interaction between
the matrix and particles interface. Particle reinforced
composite is subjected to the longitudinal tensile load-
ing.

2. FAILURE IN PARTICLE COMPOSITE

The incorporation of the particles in a matrix causes
stress concentrations in the peripheries of the particle
when the composite is subjected to loading [9]. Failure
processes in particle-reinforced composites are related
to the fundamental problem of a matrix crack interact-
ing with second-phase particles [10]. The design against
brittle fracture in composites is of critical importance
[11]. Transmission electron microscopy has been used,
but it is difficult to produce samples thin enough for the
technique to be useful due to the presence of fragile
reinforcements [12]. According to Vincent CARMONA
[13], when the damage sequence is observed, the first
visible mechanism is the rupture of large particles.
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Smaller particles fracture later. The crack develops
perpendicular to the direction of tension (Fig. 2). At low
volume fraction V7, the failure mode is mainly due to
renfort tearing [14].

Fig. 2 — Particle failure [13]

3. FINITE ELEMENT MODELING

All the finite element models had a homogeneous dis-
tribution of reinforcement particles. The finite element
software CASTEM was used to develop the models and
generate the results. Composites with four different diam-
eters of circular glass particles of 19.61, 26.15, 39.22 and
78.45 um were modeled (Table 1) [15]. Composites were
modeled and meshed with triangular elements to achieve
the best convergence and accuracy of the results. The
composite was subjected to a uniform tensile stress o.

Table 1 - Composite dimensions for different particles [15]

Ny Vi (%) I (pm) dp (um) rp (um)
1 20 155.425 78.45 39.22
4 20 155.425 39.22 19.61
9 20 155.425 26.15 13.07
16 20 155.425 19.61 9.80

3.1 Composite Property

Each element will have an isotropic property. The
model is small, so a fine mesh of elements was used [16].
For simplicity, it is assumed that all particles have the
same diameter dp [17]. Due to axisymmetry, the speci-
men can be considered as a 2-D elastic body, Following
parameters are used in all calculations [15]:

1. Reinforced glass fibers with Young’s modulus
Ef= 64 GPa. Poisson ratio vy= 0.2 and density of
pr=2.54 g/cc.

2. Matrix is of nylon 66 (PA) with Young’s modu-
lus En=3GPa. Poisson ratio v»=0.35 and
density of pm = 1.14 g/cc.

3.2 Boundary Conditions

The boundary conditions represent the application of
tensile loads to particles-filled composite, i.e. x=0 and
x = Im, Uy =0, matrix and particle have zero movement in
the Y-direction (Fig. 3). Here the X-axis is in the direc-
tion of length and the model is axis-symmetric to it. We
have applied Fr=5.65 10— 8 N/um? [18] to the end
faces of the matrixie. atx=0, x = ln.

4. RESULTS AND DISCUSSION

In order to study the behavior of multi-particle com-
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posite under simple tensile loading, the composite is
subjected to a uniform tensile stress o and for the same
volume fraction V=20 %.
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Fig. 3 - Boundary conditions for the composite reinforced with
1, 4, 9 and 16 particles for V;=20 %
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Fig. 4 - Von Mises stresses distribution for V=20 %
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Fig. 4 represents the distribution of the Von Mises
stresses in the damaged models, we notice that the
stresses are not concentrated in all the particles, but in
the particle broken with a high value compared to un-
damaged models [15].

In Fig. 5, it is visible that, when the diameter of the
particles decreases, the stresses also decrease and this
for the same volume fraction (in both cases); and the
same is true for the longitudinal stresses sigma xx.

We have presented in Fig. 6 the curves of the evolu-
tion of the Von Mises stresses in the two cases (broken
and not broken) as a function of the diameter. We no-
tice on this figure, that in the case of a broken particle,
the stresses decrease according to the diameter. On the
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other hand, in the case of a (non-broken) particle the
stresses decrease slightly and then we can say that the
reduction in diameter has almost no effect on the
strength of the composite.
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Fig. 5 — Evolution of Von Mises and longitudinal stresses as a
function of particle diameter
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Fig. 6 — Evolution of Von Mises stresses and function of
particle diameter
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Boiue po36uTol CKIAHOI YaCTHHKHU HA MEepenavdy HANPYTrd HEMJIOHOBOTO MATPUYHOIO
KOMIIO3UTY

K. Mansouril2, M. Chitour!, A. Berkial, B. Rebail!, F. Khadraoui?, H. Djebailil.2
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MomHoJtiTHI MaTepiajau He MOBHICTIO MOYKYTh 3aJ0BOJIBHUTH BHMOTAaM J0 MATEpPIlajiB y IEPeI0OBUX Tay-
37X BUPOOHUIITBA 1 TEXHOJIOTIHM, TOMy OyJiX po3po0JeHl KOMIIO3UINNHI MaTepiaad, B SKUX ITOETHYBAJINCh
BJIACTHBOCTI TEPMOILJIACTIB 1 YACTUHOK CKJIa (HAIPUKJIAJ, BHCOKA MIITHICTH). YaCTHHKM CTAIOTH BCE OLIBII
MOIYJIIPHUMU apMYOUMMU €JIEMEHTaMU y BUP00aX, BUTOTOBJIEHUX METOOM JIUTTS IIiJ] TUCKOM. SMIITHEHHS
YaCTUHKAMU J03BOJIsTe 0OPOOIIATH IMOIiMeEpP 3a JOIIOMOrOI0 THX CAMUX METO[IB, IO ¥ JJIsi HEAPMOBAHUX IIO-
mmepiB. HaBaHTamkeHHsS He IPUKJIAIAIOTHECS 0e3II0CEPeTHBO 10 apMaTypHy, ajie BOHU IPHUKJIATAITHCS 0
MAaTPHUIIL, 1 YaCTUHA IPUKJIANEHUX HABAHTAKEHD [IePeJAcThCS Ha YaCTUHKN. Po3pobKa piBHSHB MIKpOMeXa-
HIKH JIJIST TBEPJIUX KOMIIO3UTIB BIJOYBAETHCS B TOMY 3K TIOPSIIKY, 10 ¥ JJIsT KOMIIO3UTIB, apMOBAHUX KOPOT-
KHUMHU BOJIOKHAMHU. JaCTHHKYA BUKOPHUCTOBYIOTHCS JIJIS ITIBUINEHHSA MIITHOCTI a00 1HIMKUX BJIACTHBOCTEN HE0-
POTHX MaTepiasiB Il Yac apMyBaHHS 1HIINMY MaTepiasaMu Matpuiii. MeToo 11b0ro JOCTITKeHHS € aHAaIi3
eerTy pyHHYBAHHS YACTHHOK Y KOMIIO3UTI, BUTOTOBJIEHOMY 3 MaTpulll Heisiony 66 (PA), apmoBaHoro yac-
THHKaMH CKJIa 3 Jiamerpamvu 19,61; 26,15; 39,22 1 78,45 mrm. Y KOKHIN MojiesIl 0YJI0 IPUHUHATO 00 EMHY Ya-
cTry 20 %.

Knrwouosi cinosa: Posoura uacrmuaka, Heitsmonosa marpuis, Kommosur, ITepenaua mampyru, Kinmesuit
€JIEMEeHT.
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