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Transformer Fault Diagnosis Using Fuzzy Logic Interpretations
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ABSTRACT

The power transformer is one of the main components in a power transmission network.
Major faults in these transformers can cause extensive damage, which do not only interrupt
electricity supply but also result in large revenue losses. Due to the large number of transformers
of different makes and capacities, routine maintenance and diagnosis of such transformers, even
using foreign consultants, are rather difficult as different transformers exhibit different
characteristics and problems. Moreover, different climatic and operating conditions may not be
able to draw the correct conclusion to some problems.

To help in overcoming such problems, a software is currently being developed called
“TOGA 5.5” for the interpretation of the Dissolved Gas Analysis (DGA) performed on the
transformers using the technique of fuzzy logic. The first phase of the project which also consists
of a fuzzy logic interpretation module can be used for interpreting most of the DGA test results has
already been completed and is discussed in this paper. The next phase of the project would involve
utilizing other artificial intelligent techniques such as neural networks and other algorithms to
automatically generate rules from trends found in the database.
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Person Lyge degree of youth
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If MH=M and AE=M and EE=L and EM=H
then Condition K - rulesl

If MH=H and AE=M and EE=L and EM=L
then Condition K - rules 2

If MH=VH and AE=L and EE=H and EM=L
then Condition P- rules n
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Rule 1 = Min{ MH=M,AE=M,EE=L, EM=H}
Rule 2 = Min{ MH=H,AE=M,EE=L, EM=L}

Rule n = Min{ MH=VH,AE=L,EE=H, EM=L}
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Condition K = Max (rule 1, rule 2}
Condition N = Max (rule r, rule p,.....rule n}
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Low — Lo

High — Hi

Very High — VHi

Medium — Med

Acetylene / Ethan — (AE)
Methane / Hydrogen — (MH)
Ethane / Ethylene — (EE)
Ethane / Methane — (EM)
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MHH=0.7 MHM =0.9 AEM=0.8 EEL=087
EMH=0.95 EML=0.6
Rule 1= Min{ MH=M,AE=M,EE=L, EM=H}
=Min{0.9,0.8,0.87,0.95)
=0.8
Rule 2 = Min{ MH=H,AE=M,EE=L, EM=L
= Min {0.7,0.8,0.87,0.6}
=0.6
Condition K = Max {rule 1 ,rule 2}
= Max(0.8,0.6)
=0.8
ConF to the degree of 0.11
ConG to the degree of 0.09
ConK to the degree of 0.8
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0Lo U<0.1 AE e { Lo, Med, Hi }
AE = C2H2 / C2H4= 1 Med 0.1 <= U<=3.0
JHi  U>3.0 1 u<a
AELo fisa,b) = b-u/b-a a<=u<=b
5o U<0.1 0 u>b
O0Med 0.1<=U<=10
MH = CH4/H2 1 Hi 10<=U<=3.0 0 u<a
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2 Hi U> 3.0
1 u>d
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---- Date: 1383-07-26 ------------ Time: 11:36:24 AM = ------—--- Transformer Name : Ramin Main S5
---- Current 6as Volumes: === - - oo oo oo e oo

Co2:1781 CO: 26 H2: 11 CH4:9 C2H2:140 C2H4: 45 C2H6:27 C3H6:0.01 C3H8:0.01
T.D.6 = 258
THE TOTAL COMBUSTIBLE GASES ARE SMALLER THAN 500 PPM, THAT IS NORMALY AN INDICATION

OF SATSFACTORY OPERATION OF TRANSFORMER.

---- Analyses based on current Gas volumes: ------c-c-co oo

---- ROGER --------cccccece IS NOT DEFINED
---- DOBLE ENGIN. ------------ IS NOT DEFINED
---- DORNENBERG ------------- CORONA

---- DORNENBERG RP ---------- IS NOT DEFINED
---- BS/IEC -------------"oo" IS NOT DEFINED

---- MITSUBISHI -------------- PARTIAL DISCHARGES
---- TRAFO - UNION ---------- IS NOT DEFINED

---- IEC 10/418/CDV 1998 ----- IS NOT DEFINED

---- Burton Davies ------------- IS NOT DEFINED

---- Software's Interpretation : —------ccocom oo -
Probability of Normal Operation : 78.9 %
Probability of Thermal Fault : 0 %
Probability of Electrical Fault : 21 %
Probability of Partial Discharges : 25 %

Probability of Electrical Discharges : 50 %
Probability of Electrical Discharges with high Energy Density : 25 %

---- Current Gas Volumes : - - - oo oo oo oo oo oo

Co02:973 CO: 174 H2: 127 CH4:107 C2H2:224 C2H4: 154 C2H6:11 C3H6:0.01 C3H8:0.01
T.D.G6 = 797

THE TOTAL COMBUSTILBLE GASES IS BETWIN 500 AND 1000 PPM,THAT INDICATES DECOMPOTION

MAY BE IN EXCESS OF NORMAL AGEING (SUGGESTING A NEED FOR MORE FREQUENT ANALYSES.)

---- Analyses based on current Gas volumes: - - cm o oo oo e

---- ROGER ------cccmmcomm ARCING WITH POWER FOLLOW THROUGH
---- DOBLE ENGIN. ----------uu- IS NOT DEFINED

---- DORNENBERG ------------- ELECTRICAL DISCHARGES ( EXCEPT CORONA )
---- DORNENBERG RP ---------- IS NOT DEFINED

---- BS/IEC ---------ccccocnnn- DISCHARGES OF HIGH ENERGY

---- MITSUBISHI -------------- ARC DISCHARG

---- TRAFO - UNION ------cu--- IS NOT DEFINED

---- IEC 10/418/CDV 1998 -------- DISCHARGES OF HIGH ENERGY DENSITY
---- Burton Davies -------------- Arc With Power Follow Through

---- Software's Interpretation : -----c-ooo oo oo oo
Probability of Normal Operation : 26.3 %
Probability of Thermal Fault : 0 %
Probability of Electrical Fault : 74 %
Probability of Electrical Discharges : 14.3 %

Probability of Electrical Discharges with high Energy Density : 64.3 %
Probability of Arcing : 21.4 %
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---- Current Gas Volumes : === === - oo oo e mmeemmee oo
C02:1348 CO: 123 H2: 11 CH4:6 C2H2:0.01 C2H4: 6 C2H6:11 C3H6:9 C3H8:4 02:3898 N2: 78432
T.C.6 = 157.01
TOTAL COMBUSTIBLE GASES ARE LESS THAN 500 PPM, THAT IS NORMALY AN INDICATION OF SATSFACTORY OPERATION
OF TRANSFORMER.

---- Analyze based on current Gas volumes: - === - c oo m oo e

---- ROGER -------ccccccmnn- OVERHEATING 200 - 300 DEG.C
---- DOBLE ENGIN ----------- IS NOT DEFINED

- INNF -ccomcmmcecee- THERMAL FAULT OF TEMPERATURE RANGE 100 - 200 ‘'C
---- DORNENBERG ----------- IS NOT DEFINED

----TRRM ---cmmemmeeeo - NORMAL AGING

---- DORNENBERG RP --------- IS NOT DEFINED

---- BS/IEC ---------------- NORMAL AGEING .

---- MITSUBISHI ------------ IS NOT DEFINED

---- TRAFO - UNION --------- IS NOT DEFINED

---- IEC 10/418/VDE 1998 ---- OVERHEATING Up to 200 DEG.C
---- Burton Davies ------------ Overheating 200 - 300' C

---- Software's Interpretation : —----c-ccommm oo -
Probability of Normal Operation : 60 %
Probability of Thermal Fault : 40 %
Probability of Overheating with low Temperature : 12.5 %
Probability of Overheating with medium Temperature : 75 %
Probability of Overheating with high Temperature : 12.5 %

Probability of Electrical Fault : 0 %

:‘5315611:;#5!@;&.‘!\..,(,.“;.443,*3

---- Analyze based on current Gas volumes: ---- - ccc oo oo e

---- ROGER ---------cccco- IS NOT DEFINED
---- DOBLE ENGIN ----------- IS NOT DEFINED
=== INNF ----cmmmceeee - IS NOT DEFINED
---- DORNENBERG ----------- IS NOT DEFINED
- TRRM ---cccmmeeeee e IS NOT DEFINED
---- DORNENBERG RP --------- IS NOT DEFINED
---- BS/IEC ---------------- IS NOT DEFINED

---- MITSUBISHI ------------ IS NOT DEFINED
---- TRAFO - UNION --------- IS NOT DEFINED
---- IEC 10/418/VDE 1998 ---- IS NOT DEFINED

---- Burton Davies ------------ IS NOT DEFINED

---- Software's Interpretation : -----c---om oo oo o e
Probability of Normal Operation : 96.7 %

Probability of Thermal Fault : 3.3 %
Probability of Overheating with high Temperature : 100 %

Probability of Electrical Fault : 0 %



