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Abstract: Climate conditions, especially transport and storage, are a very important factor in the process of sampling and testing

insulation oil in the field. The samples of insulating oil exposed to the atmosphere affect the dielectric strength, total acid number

and moisture test value by oxygen and high humidity environment and may also affect the results according to the criteria

specified in each test. Therefore, reliable test values for insulating oil testing require consideration of the atmospheric

environment of the test site, including oxygen and humidity. In this paper, each test was conducted on insulating oil exposed to

various time and humidity environments, and the effect of the atmospheric environment on the test results was analyzed by

comparing and analyzing with the first insulating oil.
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Table 1. Acceptance criteria of dielectric strength test [1].
Delimiting Dielectric breakdown voltage S0 KV less than Yvhen used S0kV over w}‘len used
on a device on a device
New oil 30 kV over (KSC-2301) Enemy union Enemy union
20 kV over Enemy union Enemy union
Insulating oil in use 15 kV over ~ 20 kV less than Important Unfitness
15 kV less than Unfitness Unfitness
Table 2. Acceptance criteria of total acid number [2].
Delimiting b?g;}?g};gd Judgment
New oil p<0.02 Enemy union
p<0.2 Enemy union
Insulating oil in use 0.2<p<0.4 Enemy union (Important)
0.4<p Unfitness
Table 3. Acceptance criteria of moisture test [3].
Delimiting Judgment Voltage (kV) 66 here under 154~200 345 over
New oil (ppm) Normality (KSC 2301) 30 here under
Normality 50 less than 40 less than 30 less than
Insulating oil in use (ppm) Important 50~60 40~50 30~40
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Fig. 1. Example of judging method according to insulating oil test.

Table 4. Measurement value by the elapsed time at 60% humidity.
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Measured values by elapsed time (rate of increase or decrease compared to initial value)

Delimiting
Initial value 20 minutes 40 minutes 60 minutes 80 minutes 100 minutes 120 minutes
Temperatures (°C) 24.5 24.8 24.7 24.0 23.7 233 233
Humidity (%) 62 60 59 59 58 58 58
Insulation strength 73.5 712 68.8 64.7 60.5 572 55.1
(kV) - 96.9 93.6 88.0 82.3 77.8 75.0
Mountain road 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(mg KOH/g) - 100 100 100 100 100 100
Moisture 17.6 19.5 22.4 25.3 28.5 30.6 31.3
(ppm) - 110.8 127.3 143.8 161.9 173.9 177.8

Table 5. Measurement value by the elapsed time at 70% humidity.

Measured values by elapsed time (rate of increase or decrease compared to initial value)

Delimiting
Initial value 20 minutes 40 minutes 60 minutes 80 minutes 100 minutes 120 minutes

Temperatures (°C) 24.7 24.7 24.7 24.8 24.9 25.1 25.0

Humidity (%) 71 70 70 69 69 68 70
Insulation strength 73.5 70.2 67.6 62.4 583 54.4 523
(kV) - 95.5 92.0 84.9 79.3 74.0 71.2
Mountain road 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(mg KOH/g) - 100 100 100 100 100 100
Moisture 17.6 19.8 22.9 25.7 29.8 31.6 33.7
(ppm) - 112.5 130.1 146.0 169.3 179.5 191.5




544

B 59

&S el

&0

40

ke ey olet,
73} 13 5041 90% & =0l 0] Hat A

0.04
60 4

0.03

0.02

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 5, pp. 541-546, September 2024: Kim et al
F 300lM = 70% S oA Hat AIRHE £ B 83 17 601 4= 98% S oA Q] Gt AlHE 57
ke Ueryolct.
2 67 I3 4014 80% SEOINC] FuF AINE £ AZIIARE ABRIY 2aAZH F, AA FAlA
VA e A8 AR Sl 2088 A1EoR S5
W SR g ulm A A 99 23 7o)k S5 208 2
4 Alo] 7%= UERH I
—p lrisuilation strengthiky) —— moigure{ppm) =&—Mountain road{mg KOH/g)
80 0.04
\ 03
0.02
/r/_—A oo
L o
0 minutes 100minutes 120minutes

ED minutes 100mirutes

e ri5ulation strengthlkV) — )OS D PN === iountain road{mg KOH/g)
20 -
= /f"t’_’:__: .01 20
imres 120minutes

—
40 minuges 80 minutes

20minures

nitial value 2

Fig. 2. Measurement graph by the elapsed time at 60% humidity
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Fig. 3. Measurement graph by the elapsed time at 70% humidity
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Table 6. Measurement value by the elapsed time at 80% humidity.

Measured values by elapsed time (rate of increase or decrease compared to initial value)

Delimiting
Initial value 20 minutes 40 minutes 60 minutes 80 minutes 100 minutes 120 minutes
Temperatures (°C) 21.2 20.9 20.9 21.1 20.9 21.2 20.9
Humidity (%) 77 79 80 80 80 80 80
Insulation strength 73.5 69.7 66.8 60.7 55.7 492 46.1
(kV) - 94.8 90.9 82.6 75.8 66.9 62.7
Mountain road 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(mg KOH/g) - 100 100 100 100 100 100
Moisture 17.6 20.0 23.3 27.6 30.4 34.2 37.4
(ppm) - 113.6 132.4 156.8 172.7 194.3 212.5

Table 7. Measurement value by the elapsed time at 90% humidity.

Measured values by elapsed time (rate of increase or decrease compared to initial value)

Delimiting
Initial value 20 minutes 40 minutes 60 minutes 80 minutes 100 minutes 120 minutes

Temperatures (°C) 16.8 16.7 16.5 16.4 16.2 16.2 16.1

Humidity (%) 92 91 91 89 89 89 89
Insulation strength 73.5 69.2 64.5 573 513 45.7 415
(kV) - 94.1 87.8 78.0 69.8 62.2 56.5
Mountain road 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(mg KOH/g) - 100 100 100 100 100 100
Moisture 17.6 203 245 29.1 35.8 39.7 42.7
(ppm) - 115.3 139.2 165.3 203.4 225.6 242.6

Table 8. Measurement value by the elapsed time at 98% humidity.

Measured values by elapsed time (rate of increase or decrease compared to initial value)

Delimiting

Initial value 20 minutes 40 minutes 60 minutes 80 minutes 100 minutes 120 minutes
Temperatures (°C) 19.0 18.8 18.8 18.1 17.7 17.3 16.8
Humidity (%) 97 98 98 98 98 99 98
Insulation strength 73.5 68.5 63.1 55.9 49.7 423 37.2
(kV) - 93.2 85.9 76.1 67.6 57.6 50.6
Mountain road 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(mg KOH/g) - 100 100 100 100 100 100
Moisture 17.6 20.8 24.9 29.7 36.8 40.4 432
(ppm) - 118.2 141.5 168.7 209.1 229.5 2455

Table 9. Measured value at 20 minutes after each humidity.

Measured values by humidity (rate of increase or decrease compared to initial value)

Delimiting —
Initial value 60% 70% 80% 90% 98%
Insulation strength 73.5 71.2 70.2 69.7 69.2 68.5
kV) - 96.9 95.5 94.8 94.1 93.2
Moisture 17.6 19.5 19.8 20.0 20.3 20.8

(ppm) - 110.8 112.5 113.6 115.3 118.2
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Fig. 8. Correction factor of the result of insulation strength test by
humidity and elapsed time.
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Fig. 9. Correction factor of the result of moisture test by humidity and
elapsed time.
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