Thermal Characterization of Insulated Wires and Coills for High-
temperature Application
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INTRODUCTION

Electrical machines have been more and more frequently applied at high temperature and high voltage working conditions, for example applications in aerospace
aircrafts, nuclear reactors and geothermal systems. In these fields, temperature rating up to 500 °C is an important challenge for thermal insulation of electrical
windings. Common organic insulation materials cannot withstand temperature level more than 300 °C for long time with consequence of accelerated aging and
metal oxidation. With high thermal resistance, inorganic composite materials are potential replacements for winding insulations of electrical machines at high
temperature.

In this study, two types of inorganic materials are used for manufactures of high-temperature insulated wires: ceramic composite or more exactly a glass ceramic
with several types of metal oxides constituting it and inorganic fiber tape. Ceramic insulated wire shows high temperature resistance but low bend radius which
increases difficulty in conventional coil winding. The other inorganic insulated wire is mica-glass tape wound wire, which can be fabricated for coils by conventional
winding method due to higher flexibility than ceramic insulated wire.
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» For electric coll tests, surface temperatures of coils fabricated by two inorganic insulated wires are significantly higher than the cases of single wire. In fact, less
space between wires of coil leads to heat dissipation deterioration. The other two coils with cement impregnation show better heat transfer performance as well
as lower surface temperature. Moreover, when suddenly starting or stopping the heating, surface temperature changes of coils with impregnation are more
modest than the cases without insulation due to heat storage effect of impregnation material.
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