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LELIENE — Temperatures used for transformer ratings

Temperature 55°C Rise Insulation 65°C Rise Insulation

Ambient Temperature 30°C 30°C

Average Winding Temperature Rise +55°C +65°C
Average Winding Temperature 85°C 95°C
Additional Hot Spot Temperature Rise +10°C +15°C
Hot Spot Temperature 95°C 110°C
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Figure 1 - Transformer nitrogen for suppressing the fire (photo credit

geosyntheticsindia.org)
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o Rise that Doubles
Description K1 K2 _
Aging Rate
Power Transformer (55°C Insulation) 6972.15 -14.133 95°C +5.9°C
Power Transformer (65°C Insulation) 6972.15 -13.391 110°C + 6.4°C
Distribution Transformer (55°C Insulation) 6328.80 -11.968 95°C + 6.6°C
Distribution Transformer (65°C Insulation) 6328.80 -11.269 110°C + 7.1°C
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Figure 2 — Expected insulation half-life of transformers as a function of hot spot

temperature.
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Figure 3- vvkV underground cable insulation breakdown (photo credit:

cablejoints.co.uk)
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Figure 4 — Insulation breakdown versus age for 35-kV cable at Houston Lighting and

Power
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Figure 5 — Damage curves for bare aluminum wire with a pre-fault temperature of
90°C. The steel core of an ASCR conductor will be damaged much later than the

aluminum and may prevent conductor burndown.
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Figure 6 — Damage curves for hard drawn bare copper wire with a pre-fault

temperature of 90°C. If the fault is not cleared in time, the wire will burndown.
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LELIER: — Typical failure modes of circuit breakers

Failure Mode % of Failures



Opened when it should not 42%

Failed while in service (not opening or 32%
closing)

Failed while opening 9%

Damaged while successfully opening 7%

Failed to close when it should 5%

Damaged while closing 2%

Failed during testing or maintenance 1%

Damage discovered during testing or 1%
maintenance

Other 1%

Total: 100%
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Figure 7— Blown porcelain surge arrester and damaged bushings on power transformer
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Figure 7— Decrease in voltage withstand with increasing contamination for two types

of polymer insulator design



SRS o QL...J ‘) uy‘afo Mol Ja)‘)u.: ) 6,15.‘5 9 UT 0‘5.@ alisee 6‘94‘ LS‘)J OliMAJLQ)T o GJLA.’ 8 Jg.w

D9 oo (55 o3Il (ESDD) Jolre S Ggusy JE= jo Syl

70 . , r

554 . - Silicqne Hv’,t!rqphubis Lo
60 4 - . - -

55 4 — - N\

50 1-
45 {

40 4 - b N

Voltage Breakdown (kVicm)

35 { -

30 - : r r
0 01 0.2 0.3 0.4 0.5 0.6
Contamination {mag/cm2)

Figure 8— Laboratory test results for different weather shed material types under fully

wetted conditions. Contamination is measured in equivalent salt deposit density

(ESDD).
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