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Life Evaluation of Nano-Composites According to the Addition of MgO
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Abstract: Molded insulation materials are widely used from large electric power transformer apparatus to small
electrical machinery and apparatus. In this study, by adding MgO with the average particle of several tens nm and
the excellent thermal conductivity into molding material, we improved the problem of insulation breakdown strength
decrease according to rising temperature in overload or in bad environmental condition. We confirmed the life
evaluation by using the insulation breakdown and inverse involution to investigate the electrical characteristics of
nano-composites materials. By using a scanning electron microscope, it is confirmed that MgO power with the
average particle size of several tens nm is distributed and the filler particles is uniformly distributed in the cross
section of specimens. And it is confirmed that the insulation breakdown strength of Virgin specimens is rapidly
decreased at the high temperature area. But it is confirmed that the insulation breakdown strength of specimens
added MgO slow decreased by thermal properties in the high temperature area improved by the contribution of the
heat radiation of MgO and the suppression of tree. The results of life prediction using inverse involution, it is
confirmed that the life of nano-composites is improved by contribution of MgO according to the predicted
insulation breakdown strength after 10 years of specimens added 5.0 wi% of MgO is increased about 2.9 times at
RT, and 4.9 times at 100C than Virgin specimen, respectively.
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Fig. 1. Dispersion of MgO filler.
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Fig. 2. Block diagram of specimens manufacturing process.
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Fig. 3. Schematic diagram of experimental apparatus.
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Fig. 4. SEM of specimens. (a) MgO powder and (b) MgO 5 wt%.
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Fig. 5. Dielectric strength according to the temperature.
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Table 1. Temperature dependence of dielectric strength.

unit ; [MV/cm]

Coni 2% RT 50C 80°C 100

Non 3.04 2.82 2.58 2.48
1.0 wt% 2.87 2.69 2.66 2.64
3.0 wt% 2.99 283 2.82 2.79
5.0 wt% 3.16 2.98 2.94 2.93
7.5 wt% 2.89 2.82 2.80 2.79
10 wi% 2.76 2.73 2.71 2.69
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Table 2. Breakdown time of Virgin.

Table 4. Breakdown time of MgO 5.0 wt%.

E v

E v d Te o d T :
MVem] (kY] [ml  [C) h-se. T MViem]  [kVI [m] (0] B/, tiree. [b]
3.04 0,018 0027 0038 0.041 0.051 316 0.071 0075 0076 0078 0.078
Say 1B & RT o4 4 60 RT
: 0.055 0060 0069 0072 0.075 0,079  0.081 0.083 0.083 0.085
0.012 0.114 0.016 0.021 0.024 0114 0116 0128 0135  0.142
28 o0 0 2% om0 10
i 0.032 0033 0045 0.048 0.059 : 0.143 0.145 0,149 0161 0169
Table 3. Life prediction of Virgin. a v 3
Temperature [T ]
RT v = RT ¥ 100
n 1,000 [h] 10,000 [h] 10 [year] al
6.84 511 [kV/em] 365 [kV/em] 266 [kV/em] z v
100 [T ]
n 1,000 [h] 10,000 [h] 10 [year] S* .
5.28 270 [kV/em] 175 [kV/em] 116 [kV/em] .
l. 3 .
e mn
Breakdown Time [hour]
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Fig. 7. V-t Characteristic of MgO 5.0 wt%.
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Table 5. Life prediction of MgO 5.0 wit%.

RT
n 1,000 [h] 10,000 [h] 10 [year]
11.73 1,118 [kV/em] 919 [kV/em] 764 [kV/em]
100 [TC)
n 1.000 [h] 10.000 [h] 10 [year]
9.76 906 [kV/cm| 716 [kV/em] 573 [kV/em)
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