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ELECTRICAL TREEING PROPAGATION IN
NANOCOMPOSITES AND THE ROLE OF NANOFILLERS:

SIMULATION WITH THE AID OF CELLULAR AUTOMATA
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In this paper the propagation of electrical treeing in nanodielectrics using the DIMET (Dielectric Inhomogeneity Model
for Electrical Treeing) is studied. The DIMET is a model which simulates the growth of electrical treeing based on theory
of Cellular Automata. Epoxy/glass nanocomposites are used as samples between a needle-plane electrode arrangement. The
diameter of nanofillers is 100 nm. The electric treeing, which starts from the needle electrode, is examined. The treeing
growth seems to be stopped by the nanofillers. The latter act as elementary barriers to the treeing propagation.
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1 INTRODUCTION

Polymer nanocomposites are polymers which include a
small amount of nanofillers. Epoxy resin is an insulating
material with superior properties, which is used in sev-
eral electrical applications. Composites of epoxy resins
with nanofillers can be used as insulating materials with
superior electrical, mechanical and thermal properties.
Epoxy-layered silicates showed a higher insulation break-
down strength than the base resin, this is due to the de-
lay of appearance of electric treeing [1]. Epoxy nanocom-
posites appear higher partial discharge (PD) resistance
than base epoxy resins [2, 3]. Epoxy nanocomposite sys-
tems with inorganic showed superior dielectric properties
at low nanofiller contents than base epoxy systems [4].
The unique electrical and electromechanical properties of
interfaces between the nanoparticles and the surround-
ing matrix influence the properties of nanocomposites
[5]. The interaction zone plays a major role to the dif-
ferent electric properties of nanocomposites. When the
size of nanofillers decreases, and its dimesions approach
the dimesions of the polymer chain length, the interfacial
region increases. This interfacial region creates an inter-
action zone which does not lead to a Maxwell-Wagner po-
larization, as expected in a conventional composite, but
to an interfacial polarization [6–8].

Electrical treeing is a well known aging mechanism
of solid dielectrics. Tree propagation includes the forma-
tion of new branches. These new branches are formed
by the degradation of the material due to the PD activ-
ity in the primary branches [9]. The resistance to treeing
breakdown is higher in epoxy/ZnO nanocomposites than
in base epoxy resin. The addition of a small amount of

ZnO nanofillers in the epoxy resin may lead to a greater
resistance to tree growth in the nanocomposite [10]. In
the present paper, the influence of nanoparticles on the
propagation of electrical treeing is examined with the aid
of Cellular Automata (CA).

2 CELLULAR AUTOMATA AND THE

ELECTRODE ARRANGEMENT

Cellular Automata (CA) are models which are used
in order to simulate real systems. CA consists of four
components [11]:

• a grid of cells,

• a group of variables,

• a group of local rules which specify the behavior of the
variables,

• initial condition.

The grid which is used in this study is two dimensional.
The grid consists of 5000× 5000 cells. Every cell is sur-
rounded by eight neighbor cells. This neighborhood is
called Moore neighborhood, Fig. 1. The distinctive state
of the cell A is determined by the distinctive state of the
eight neighbor B cells at every time step.

The point-plane arrangement was created at the Par-
tial Differential Equation (PDE) Toolbox of MATLAB.
The point electrode is the high DC voltage electrode,
whereas the plane electrode is grounded. The point elec-
trode is introduced into the specimen. The specimen is
a nanocomposite. The nanofillers are dispersed near the
point electrode. A nanocomposite has been created under
the point electrode. A nanofiller is represented by a cell.
The dimension of each cell is 100× 100 nm. A cell could
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Fig. 1. The Moore neighborhood [11]

Fig. 2. Two identical spheres subjected to an external electric
field [13]

belong to the electrodes or to the polymer or to the tree
or could be a nanofiller. The distance between the two
electrodes is 0.4 mm.

3 THE SIMULATION PROCESS

The steps during the simulation are the following [12]:

• Creation of the point-plane electrode and the nano-
composite specimen at the PDE Toolbox of MATLAB.

• Application of boundary condition between specimen
and air, between polymer matrix and electrodes, be-
tween nanofillers and polymer matrix.

• Construction of a 5000× 5000 table with random val-
ues between 0.9–1.1 of the dielectric inhomogeneity
factor.

• The Laplace equation (1) is used in case of the absence
of space charge, in order to define the distribution
of the potential at the arrangement, whereas in the
presence of space charge Poissons equation (2) is used.

∇
2V = 0 , (1)

∇
2V = −

ρ

ε
. (2)

• Construction of a 5000×5000 table with the values of
the potential of each cell.

• Calculation of the local electric field:

E = g
V

d
(3)

(g – is the dielectric inhomogeneity factor, V – is the
potential difference between two neighbor cells, d – is
the distance between the centers of two neighbor cells).

• If the local electric field E of a cell is greater than the
critical value of the electric field Ec , the cell belongs
to the tree. The neighbor cells (Moore neighborhood)
around the tip of the point and around the tree are
examined.

This process is repeated because during the propagation
of the tree, the construction changes, ie the tree structure
changes. The whole process is described in [12] and the
treeing propagation based on the method of CA was given
the name of DIMET (Dielectric Inhomogeneity Model for
Electrical Treeing).

Between the specimen and the air the Neumann
boundary conditions are applied

n ε ·∇V + qV = g , (4)

(n – is the vertical vector, ε – is the relative permittivity
of the polymer, q – is the charge, V –is the electric
potential, g – is the surface charge), q = 0, g = 0.

Between the polymer and the nanofillers and the poly-
mer and the electrodes the Dirichlet boundary conditions
are applied

hV = r (5)

(V – is the electric potential, h = 1 – is the weight).

The potential at the surface of two identical dielectric
spheres A and B subjected to an external electric field,
Fig. 2, is given by [13]

Φi =
Ed

2
−

∞
∑

n=1

an

[(a

d

)n+1

+
2n+ 1

n(k − 1)
(−1)nPn(λ)

]

,

for A sphere, (6)

Φi = −
Ed

2
+

∞
∑

n=1

an

[(a

d

)n+1

+
2n+ 1

n(k − 1)
(−1)nPn(Λ)

]

,

for B sphere. (7)

E – is the external electric field, d – is the distance be-
tween the centers of the two spheres, α – is the radius,
k – is the ratio of the relative permittivity of the poly-
mer/relative permittivity of the nanofillers, λ = cos θ ,
Λ = cosΘ, Pn – is the Legendre polynomial of order n ,
A = (I − U)−1V , A and V – are the column vectors,
A = [α1, α2, . . . , αN ] , V = [Eα(k − 1)/(k + 2), 0, . . . , 0],
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Fig. 3. Propagation of electrical treeing in a nanocomposite with 20 kV potential at the point electrode and the critical electric intensity

(dielectric strength) of 22 kV/mm: (a) in absence of space charge, (b) in presence of space charge 20Cb/m3 , (c) in absence of space

charge, (d) in presence of space charge −20Cb/m3 , (e) in presence of space charge 20Cb/m3

I – is the the identity matrix, U – is a square matrix,

Un,m = n(k−1)
n(k+1)+1

(

a
d

)m+n+1
(m+n)!
m!n! .

When two spheres are close to each other, they inter-
act [13]. An interaction has also been detected, when two
cavities are in close proximity [14]. Thus, interaction be-
tween nanofillers can be expected. For the simulations,
the equations (6) and (7) have been applied, since these
equations can be applied to nanofillers, which are very
close to each other [13].

4 SIMULATION RESULTS AND DISCUSSION

A nanocomposite is created around the tip of high volt-
age electrode. Six nanofilers are placed under the point
electrode. The potential which is applied at the point elec-
trode is 20 kV. The relative permittivity of the polymer
matrix and the nanofillers is 4 and 8, respectively. The
dielectric strength of the polymer is 22 kV/mm. In case
of the presence of space charge, the space charge has been
distributed uniformly in the specimen. This is a reason-
able assumption since otherwise, the solution of Poisson
equation would be difficult. In Fig. 3a, the growth of the
electrical tree is shown. The tree growth starts of the
tip of the point electrode in the absence of space charge.
The electrical treeing propagates around the naonofillers
and its growth continues. In Fig. 3b the growth of elec-
trical treeing in presence of space charge is shown. The
space charge density is 20Cb/m3 . The propagation of the
tree has been stopped by the nanofillers. The tree cannot
propagate below the last nanofillers.

Six more nanofillers are introduced in the matrix. The
results of the simulation in the case of absence of space
charge are shown in Fig. 3c. If there are heterocharges
(space charge with opposite polarity of the electrode) in

the specimen with space charge density -20 Cb/m3 , the
results are shown in Fig. 3d. In Fig. 3e the tree prop-
agation in presence of homocharges (space charge with
same polarity of the electrode) is shown, with a space

charge density of 20 Cb/m3 . In Fig. 3c and d, the prop-
agation of the tree continues through the polymer ma-
trix, whereas in Fig. 3e the propagation of the tree has
stopped. In Fig. 3e, the nanofillers act like barriers and
seem to prevent the propagation of the trees. The tree
grows around the nanofillers, through the polymer, be-
cause the nanofillers have a greater resistance to the PD
than the polymer [15]. In Fig. 3b and e the nanofillers
have stopped the propagation of the electrical tree, which
cannot reach the plane electrode and therefore they can-
not cause the breakdown of the specimen. The nanofillers,
with the help of homocharges, act as an obstacle and de-
lay or even stop the tree growth.

The simulation results of the present study are in
agreement with recently published experimental informa-
tion, where it is shown that nanofillers prevent tree prop-
agation [16]. Trees are prevented from growing straight
as the nanofillers offer more PD resistance compared to
the surrounding polymer. Nanofillers act as elementary
barriers, rendering thus the breakdown strength of the
nanocomposite higher than that of the respective con-
ventional polymer. It is true that the present simulation
simulates the tree growth with a nanocomposite material
with only a few nanofillers. This was unavoidable since to
consider many more nanofillers for the simulation, would
increase dramatically the computing time. The authors,
based on the results of the present study, think that
no matter the number of the nanofillers included in the
simulation, the result would be the same, namely that
nanofillers are elementary barriers to the propagation of
electrical trees [17].
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5 CONCLUSIONS

This study shows that nanofillers play a major role
in the dielectric properties of nanocomposites and partic-
ularly in the propagation of electrical tree. The simula-
tions show that both the homocharge and the nanofillers
prevent the growth and propagation of electrical tree-
ing, which stems from a point electrode. The electrical
treeing is enclosed between the nanoparticles and cannot
propagate neither to the horizontal direction nor to the
vertical direction. The most important result is that the
nanofillers act as barriers to the propagation of electrical
tree. The electrical tree is forced to propagate through the
interface between the polymer and the nanofiller because
the nanofillers are more resistant to the partial discharges
than the polymer. As a result, the tree propagation is de-
layed and the tree cannot reach the opposite electrode
and cause a breakdown. Furthermore, the electrical tree
cannot only be delayed by the nanofillers but it can even
be stopped. The electrical tree, during its propagation, in-
teracts with many nanofillers and loses part of its energy.
As a consequence the electrical tree can not propagate
anymore. The delay and/or the total hindrance of tree
growth, due to the nanofillers and to the homocharges,
can increase the electrical insulation lifetime.
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