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Abstract— Aging of insulating material in a pole transformer has been studied by performing accelerated thermal aging
test as well as arc discharge test. Dissolved gases were extracted by air bubbling method. Concentrations of dissolved gases
were modified by extraction ratios of each gases in insulating oil. Aging of insulating material was proceeded by both ther-
mal degradation and oxidation reaction. Both of the reactions in insulating oil were shown to follow zeroth order kinetics.
The activation energy for the thermal degradation was estimated to be about 25.800 cal/mol and 20,600 cal/mol for oxidation
reaction. Gas patierns considering H., CH,. C,H.. C.H, and CH, for accelerated thermal aging test showed H, domination
pattern. Species of maximum hydrocarbon concentration shifted from CH, to C.H, and C.H, as the reaction temperature in-
creased from 200 °C to 250 °C. During the initial stage of discharge test H. was the major component. However, C.H. which
was hardly detected in thermal aging test became the maximum concentration species as the discharge time increased.
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Fig. 1. Schematic diagram of the bubbling gas extraction system.
FM : Flow meter
R : Extraction bottle
P: Gas circulation pump

GS: Gas sampler
GC: Gas chromatography
SP: Sampling port
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Table 1. Extraction ratio of disselved gases in insulating oil
unit: [ppm]
Dissolved Dissolved Extracted Extraction
amount ratio amount ratio
C.H, 1473 0.685 191 .13
C.H, 1252 0.582 188 0.15
C,H, 736 0.342 199 0.27
CO, 663 0.308 199 0.30
CH, 243 0.113 197 0.81
CO 53 0.0246 49 0.98
H, 33 0.0154 32 0.97

Feed: 2151 ppm for each gases.
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Table 2. Concentration of dissolved gases in insulating oil for accelerated aging test unit: {ppm]
CH, C,H, C.H, C,H, H. CO CO, T.C.G
Fresh oil S 0 8 0 0 U] 0 13
200°C 5 days 21 7 23 4 32 14 357 101
10 days 27 20 154 7 1306 28 643 1542
15 days 251 100 192 7 1428 72 1470 2050
20 days 404 133 1277 7 1438 1:3 2120 3372
32 days 2572 727 2523 11 3781 232 3673 9826
40 days 4767 1167 4531 19 4111 283 4550 14878
76 days 7537 3140 2946 30 36705 608 9100 50966
230°C 6 days 121 200 1858 4 137 29 737 2349
10 days 477 467 4215 10 5487 52 1160 10708
14 days 663 493 4638 11 5998 112 2287 11915
17 days 890 507 5569 15 6042 198 3737 13221
21 days 1586 830 8643 19 20632 266 4950 31776
33 days 2832 3213 16662 130 22103 467 8120 45407
250°C 8 days 874 774 S184 7 14234 200 4493 21273
10 days 1382 894 8338 11 23101 311 6120 33537
3 days 4320 20633 16615 13 26458 749 14233 68788
17 days 5500 23020 24862 22 36424 gul 16373 90719
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Fig. 2. Hydrocarbon concentration as a function of time for ac- Fig. 3. Arrhenius plot of thermal degradation reaction of insulat-
celerated aging test at three different temperatures. ing oil.
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