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Breakdown Properties for Insulation Design of the Environment-Friendly
Pole Transformer using the Vegetable Insulating Oil
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Abstract : In recent years, environmental concerns have been raised on the use of poorly biodegradable fluids in electrical
apparatus in regions where spills from leaks and equipment failure could contaminate the surroundings. The newly
invented vegetable insulating oil is highly biodegradable and have negligible impact on the environment, human health
and the ecosystem. For development of the environmental-friendly pole transformer using vegetable insulating oil, the
dielectric constructions of the pole transformer were discussed in this paper. Depending on the dielectric constructions,
the AC breakdown characteristics of the Nomex insulating papers and the vegetable insulating oil were studied by
simulated electrode systems. Based on the experimental results, the maximum design stress(Emax) for insulation design
of the environmental-friendly pole transformer were suggested.
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Fig. 1. Structure of the environment—friendly pole transformer
using the vegetable insulating oil,

(a) Schematic diagram
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Table 1, Design specifications of environment—friendly pole
transformer using vegetable insulating oil

Arrangement Primary coil Secondary coil
capacity 1¢, 60 Hz, 50 kVA
voltage 22,900 V 230 V
number 2,280 turns 38 turns
turn | conductor (I.CSOI;EEI ) 32 ioggermm)
insulation enamel coating Nomex
pumber 32 layers 2 layers
layer (73 turns per layer) | (18 turns per layer)
insulation Nomex Nomex
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Fig. 2. Insulation configuration of the pole transformer,
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Table 2, Dielectric and thermal properties of vegetable in—

sulating oil
Properties Values Test method
Dielectric Strength 56 kV@25C(2 mm gap) |ASTM D1816
Relative Permittivity 32@25C ASTM D924
Volume Resistivity 20 %1012 Q-cm@25C  |ASTM D1169
o St |G
Flash Point 3307C(open cup) ASTM D92
Fire Point 360C(open cup) ASTM D92
Pour Point 21T ASTM D97

Thermal Conductivity [4.0x10™ cal/(cm.s."C)@25°C | CPS method

2.10 J/g/C@s50°C
239 Jg/ C@100°C

Heat Capacity ASTM E1269
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Fig. 3. Electrode systems for the breakdown and flashover test,
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