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Normal and Abnormal Processes

Excessive Heating and Excessive Heating and 
Partial DischargePartial DischargeArcingArcingLTCs, LTCs, OCBsOCBs

and Regulatorsand Regulators

Excessive Heating, Excessive Heating, 
Partial Discharge and Partial Discharge and 

ArcingArcing
HeatingHeatingTransformersTransformers

AbnormalAbnormalNormalNormalEquipmentEquipment



Data Interpretation

•• Empirical in NatureEmpirical in Nature

•• Key GasesKey Gases

•• Threshold LevelsThreshold Levels
–– Generic Generic –– Youngblood, WeidmannYoungblood, Weidmann--ACTIACTI
–– Model Specific Model Specific –– Baker, DobleBaker, Doble

•• Gas Concentration RatiosGas Concentration Ratios



Important Gas Concentration Ratios
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Ratio Attributes

•• Independent of Operation CountIndependent of Operation Count

•• Resistant to Change due to Loss of Resistant to Change due to Loss of 
Gases to AtmosphereGases to Atmosphere

•• Change with Contact ConditionChange with Contact Condition



Gas Formation as a Function of 
Operation Count (Duval)
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Generic 90th Percentile Fault Gas Ratios
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Model Specific Ratios
Charles Baker’s Data
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The Nomograph
Concept
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Normal, Caution 
or Warning

NomographNomograph
Diagnosis of LTC Diagnosis of LTC 
ConditionCondition
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Cinergy Case History

C2H4 / C2H6Ratio 5Ratio 5
C2H6 / CH4Ratio 4Ratio 4
(CH4 + C2H4 + C2H6) / (C2H2 + H2)Ratio 3Ratio 3
C2H4 / (C2H2  + H2)Ratio 2Ratio 2
C2H4 / C2H2Ratio 1Ratio 1

Date Comments Ratio 1 Ratio 2 Ratio 3 Ratio 4 Ratio 5
8/31/1992 Removed from Service 1.13 0.55 0.8 0.35 0.15

12/17/1993 Post Repair 0.75 0.11 0.23 - -
5/1/1994 Normal 0.58 0.07 0.2 - -
8/17/1995 Placed on 6 Month Watch 1.29 0.18 0.32 0.06 0.09

Date Comments C2H2 CH4 C2H6 C2H4 H2
8/31/1992 Removed from Service 8527 3279 1135 9606 9083

12/17/1993 Post Repair 501 387 16 375 2883
5/1/1994 Normal 541 534 9 313 3800
8/17/1995 Placed on 6 Month Watch 648 590 52 836 3995

Westinghouse UTTWestinghouse UTT--A 138KV x 69KV x 13.8KV SealedA 138KV x 69KV x 13.8KV Sealed



Baker’s LT1 Threshold Values

Gas concentrations at time of removal from service

NomographicNomographic
Representation of Representation of 
Case II Utilizing Case II Utilizing 
Bull Baker’s Unit Bull Baker’s Unit 
Specific LT3 Specific LT3 
Threshold ValuesThreshold Values
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NomographicNomographic
Representation of Representation of 
Case II Utilizing Case II Utilizing 
9090thth Percentile Percentile 
Threshold ValuesThreshold Values
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Data Normalization

Acetylene

Total Ethylene –
(Ethylene produced during 

normal arcing)
Acetylene

(due to arcing)(due to arcing)

=

Ethylene
(due to heating)(due to heating)


