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Effects of oil conductivity and time duration
on polarity reversal (PR) test
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Bushing with Faltenbalg
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Test Voltage Wave shapes

UPR = 345 kV
We considered Tpr = 90, 180, 360, 720 min
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Bushing with Faltenbalg: creep path

Bushing Creep
Path

Start
End

-~ |

A Member of the WICOR Group




WE|DMAM CIGRE JWG A2-B4 Meeting in Paris Aug 06

ELECTRICAL TECHNOLOGY

Oil conductivity

Weidmann carried out conductivity measurements on various
types of transformer oil both new and aged.

We determined that oil conductivity can vary significantly (up to
4 orders of magnitude).

Oil conductivity depends on oil type and it increases with aging.
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Oil conductlwtles at 20 C

1DE1D T 3 ——Qil 1
—— Qil 2
1.0E-11 4
iAo - ¥ il T —=0il3
= T
N 1.0E-12 Tt - * T I = 0il4
a T
= I . 0il5
S 1.0E-13 $h—t—
€ & Oil 6
8 T N i i 7 |
1.0E-14 4 0il 7
—=— il 8
1.0E-15

0 10 20 30 40 50 60 70 80 90 100 110 120 * ©I9

Time [min]
A Member of the WICOR Group

6



WE|DMAM CIGRE JWG A2-B4 Meeting in Paris Aug 06

ELECTRICAL TECHNOLOGY

Material conductivities for simulations

For this study we identified 2 cases:

e Qil1 0=10"S/m (Case 1)
e Qil2 0 =10"S/m (Case 2)

Transformerboard TIV o = 10-1° S/m
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Creep stress on bushing at instant of max
peak stress during PR with oil o = 10-1% S/m
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Creep stress on bushing at instant of max
peak stress during PR with oil o = 10 14 S/m
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ELECTRICAL TECHNOLOGY

Comparison table of bushing max peak
creep stresses during PRs

Simulations results are summarized in the table below:

Tpr [mMiN]
90 180 360 720 00
oOil | 102 | 0819 | 0,905 | 0968 | 0.994 | 1.000
[S/m] | 10 | 0.288 | 0.294 | 0.302 | 0.308 | 0.310

1 pu = max peak creep stress on bushing with a PR from DC steady state and oil
conductivity = 1013 S/m

A Member of the WICOR Group

10



WEIDMANN

CIGRE JWG A2-B4 Meeting in Paris Aug 06

ELECTRICAL TECHNOLOGY

Effects of polarization time

* The peak stress with the current 90-90-45 min PR test achieves
just 82% of the stress resulting from a PR from DC steady state.

e A 360-360-180 min PR test is recommended.

Tpr [mMiN]
90 180 360 720 00
oOil | 102 | 0819 | 0,905 | 0968 | 0.994 | 1.000
[S/m] | 10 | 0.288 | 0.294 | 0.302 | 0.308 | 0.310

1 pu = max peak creep stress on bushing with a PR from DC steady state and oil

conductivity = 1013 S/m
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Effects of oil conductivity

* Qil conductivity affects greatly the severity of the test.

* The effectiveness of PR and DC tests is doubtful if a low
conductivity oil is used for tests and an oil with higher

conductivity is used in service.

1 pu = max peak creep stress on bushing with a PR from DC steady state and oil
conductivity = 1013 S/m

Tpr [mMiN]
90 180 360 720 00
oOil | 10 | 0.819 | 0.905 0.994 | 1.000
[S/m] | 10™ | 0.288 | 0.294 0.308 | 0.310
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Conclusions

* 360-360-180 min PR test allows for proper DC polarization before
reversal.

o Severity and therefore effectiveness of PR and DC test depends
on oil conductivity during test and in service.

* |n order to assure effectiveness of DC and PR tests, the issue of
oil resistivity during test and in service needs to be addressed.
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