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This dissertation describes experimental studies of treeing breakdown in
micro- and nano-composite electrical insulating material. Silica reinforced
epoxy resin and magnesium oxide (MgO) added low-density polyethylene
(LDPE) are employed as micro- and nano- composites material, respectively.
It describes electrical tree growth in epoxy resin and explores the effect of
moisture and filler concentration on the resultant tree growth
characteristics. It explores the way in which the number of branch points on
the tree structure (and hence the growth rate) is influenced by the presence
of the spherical shaped silica filler particles and the quality of the adhesion
between the filler particles and resin matrix. And it clarifies moisture effect
on treeing characteristics not only in the form of water but also high
humidity. In addition, the moisture absorption and diffusion properties of
the specimens used are discussed as well.

As results, filler particle would create an obstruction to the tree
propagation even if the specimens were moisturized. Although the moisture
absorption of specimen dipped into water would be faster than that of
exposed to humid environment, both of these conditions brought the similar
effect to the treeing phenomena. Moisture would weaken the interface
between filler and resin leading to the easier splitting of the interface. The
moisture could hardly be absorbed into the filler compared to the resin. It is
shown by the higher value of diffusion coefficient of without filler specimen
than with filler. The immersing time of 20 h is appropriate to achieve 40 %
in moisture content at the needle tip.

The existence of filler and moisture may affect the fractal parameters of
the tree growing through the composite material. Thus, the influence of
filler concentration, as well as moisture content, on the fractal dimension of
trees is discussed. The influence of filler concentrations, at identical fractal
dimension, on the fractal lacunarity of trees is also discussed.

As results, the introduction of filler raised the fractal dimension due to
the increase in number of tree branches. Fractal dimension of the tree and
apparent fractal dimension of composite material showed a linear




relationship, suggesting that the complexity of specimen structure is
followed by the complexity of tree structure. As a complement of the
complexity characterization by fractal dimension, lacunarity can be a useful
tool to quantify the heterogeneous structures of tree growth in composite
materials.

In recent years, polymer nanocomposite materials have been attracted
special attention of many researchers due to their tremendous potential for
a wide variety of application such as in electronics, non-linear optics,
magnetic etc. However, the application as insulating materials is still a few.
Thus, in this dissertation a nano-composite material of MgO added LDPE
was subjected to electrical treeing breakdown investigations.

As results, the tree inception voltage, corresponding to the applied
voltage increased with increasing MgO contents. The time to bridging
where the tree bridges the counter electrode from the initiation, time to
breakdown, and time-lag to breakdown increased with that. The internal
flashover rate in the tree channel decreased with increasing MgO contents.
Since the applied voltages were not exactly the same, its change was
suspected to contribute the results as well. However, after re-do the
experiment by using identical tree inception voltage, it is confirmed that in
spite of different applied voltage MgO filler itself excels to suppress the tree
sizes. ,

Furthermore, the higher filler concentration, the higher voltages are
required to break down the specimens. It is considered that filler would act
as physical barriers to prevent the extension of trees, resulting in higher
electric strength. ‘

On the basis of microscope inspection, it is considered that the higher AC
voltage above their inception is applied, the higher tendency of the intrinsic
breakdown phenomenon to change from the “visual” to be “not visual”
aspect.

At the low diameter of simulated tree channel, the partial discharge
inception voltage (PDIV) value of the specimens with nano-filler was larger
than that without nano-filler. However if we enlarged the diameter, the
increment in PDIV were getting smaller and finally the same when it
reached of about 250 um of diameter.




