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ABSTRACT

Silicone resins are widely adopted in outdoor amdbor electrical equipments. One of the main appbins

includes medium power rotating machines where tireyused for the impregnation of rotor and statodings.

Due to the growing demand for compact insulatitve improvement of heat dissipation in such devicas
recently become a very important issue and diétentaterials with enhanced thermal conductivity ,asidleast,
unmodified mechanical and electrical propertiesnareded.

In the present paper, we report results about thegpation and the morphological, thermal, mectzrnd

electrical characterization of new materials ol#dity addition of nano-sized alumina {B4) fillers to silicone

matrix. Their measured physical properties are @msipwith those of the unfilled matrix, used asfanence, and
the influence of the weight concentrations, randietyveen 1 wt % and 7 wt % is fully discussed.
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1. INTRODUCTION

The life expectancy of electrical equipment maimlyes on the duration of its insulation materi@s.concerns as
power rotating machines, the introduction of neeht®logies such as pulse width modulation (PWM) tred
concomitant tendency to the miniaturization of &leal devices have sensibly increased the elettnoechanical
and thermal stresses over the electrical insuldfipband have thus introduced new issues in thegdes electrical
machines. In fact, the increased heat generatédgdoperations might reduce the lifespan of thalfproduct, and
it is therefore essential to dissipate it as quiekid effectively as possible. One of the mainthg essentially due
to the low thermal conductivity of polymers, suchepoxy resin and silicone resin, which are widelgd for the
vacuum pressure impregnation (VPI) of traction metmdings and it is therefore essential to enhaheeability
of the polymer to dissipate excess heat.

It is well known [2] that the inclusion of solid piles, such as ceramics or metals, improves takconductivity
of resulting composites; on the other hand, thdtiaddof high filler content can deteriorate prosaiility and
electrical performances of insulating material. Maafforts are then devoted to the enhancement edfnthl
conductivity while keeping the other propertiesha# polymer unchanged.

The use of nanosized particles has been propogbeé irecent scientific literature as an alternatoveonventional
fillers. Taking advantage of the enormous spedficface area strong improvements are noticed &sudt rof
nanoparticles inclusion in polymeric matrices. #tent years, while many results have been publighdte
literature about epoxy based nanocomposites [3ed]data are still available about nano-filledcsihe resin [5].
The present study is dedicated to the preparafigilicone composites containing alumina {&4) nanofillers at
different weight percentages and to their morphickigthermo-mechanical and electrical charactéona

2. EXPERIMENTAL

2.1 Nanocomposite preparation

A methyl-phenyl-vinyl hydrogen polysiloxane resimasvselected as the host matrix and alumina nandparbf
spherical shape with a diameter ranging betweeA748m and a specific surface ranging between 35%8
where used as filler. Nanocomposites containing, B and 7 weight percent of alumina, with respedhe total
mass of the silicone resin, were prepared in ldboya by using combined dispersion techniques, tiat
mechanical mixing by high speed homogeneiderfax T25" at 6500 rpm for 10 min and sonication by ultrasoni
processofHielscher UP200S"at a 50% of maximum amplitude (200W) for abounda.



2.2 Morphological characterization

Morphological observations were carried out by gsinscanning electron microscope (SEWEI Quanta type
200F"). Cryogenically fractured surfaces of the samplere gold coated prior to SEM studies to avoid
electrostatic charging and were examined at 20-8(akcelerating voltage. SEM images show a reasgrgind
dispersion of the nandofillers, characterized bytets and aggregates of negligible size.

2.3 Thermo-mechanical characterization

Thermogravimetric analysis (TGA) was performedusyng aTA Instrument$)-5000balance. The temperature
was ramped at a rate of 10°C/min from room tempegatip to 700°C in nitrogen atmosphere; initialrnmnel
decomposition temperature was evaluated at 3% Wwhigh. The plots of weight loss as a functionesfiperature
show that the addition of nano-sized fillers doessensibly affect the thermal stability of the qmwsites.

The thermal conductivith of neat silicone resin and nanocomposites wasnatgd by modulated differential
scanning calorimetry (MDSC), usingT& Instrument€-1000 DSCaccording to ASTM E 1952; the composite
with 7% wt showed the highest value for the theromadductivity corresponding to an increase of al@3t with
respect to neat resin.

Dynamic-Mechanical Analysis (DMA) was performed @PMA-TAQ800instrument in order to evaluate the
storage modulus (E’) and damping @pneurves and the glass transition temperatuge ¢ the composites. The
addition of ceramic particles determines a sligitréase in the elastic modulus which, for the 7%arnples,
becomes110% higher than the neat resin. On the contragyyalues decrease with filler content and reach a
minimum for the 7%wt samples, characterized by aalue 10°C smaller than the unfilled silicone mesi

2.4 Electrical characterization

Plane, disc-shaped, samples were prepared forriekdctharacterization. The dc volume resistivity) (was
evaluated at 23°C by holding the specimens in talsigi shielded cell and using a stabilized dc soaed a
picoammeter HP 4140B. Resistivity plots vs fillentent show a decrease mfvalue with respect to neat resin
and invariance with respect to filler loadings. &ise dielectric permittivity g) and dissipation factor (i§) were
measured at high voltage and 50 Hz by placing dineptes in a dielectric test cell Tettex 2914 andatigpting a
Haefely bridge type 470. All dissipation factor wa$ are lower than in the unfilled resin, exceptlie composite
at 7%wt in which an increase of about 40% has hmeserved; a slight increase is observed for thativel
permittivity in the composites at 3%, 5% and 7% Rrequency spectra were obtained by means of aedemze
analyzer HP 4192A and a suitable test cell Agile8451B. In the frequency range [10-H® MHz] no relevant
relaxation phenomena has been observed and thétipatynand dissipation factor values are nearigépendent
of frequency. Tests are in progress for the evalnadf the short-term breakdown strength of the posites.
Further activity is planned in order to developramified model for the explanation of the main pbenena which
have been observed experimentally.

4. CONCLUSIONS

In this paper, silicone composites with nano-siakenina fillers for electrical insulation in mediymower traction
motor windings were prepared by mechanical mixind sonication. SEM results revealed a good filispérsion
in the polymer matrix. A sensible increase in tharmonductivity (about 70% with respect to neatmesvas
obtained with the 7% wt composites, while leaving techanical and electrical characteristics almoshanged.
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