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! Durnenburg

2 Rogers

® Key Gas

* Duval Triangle

® Scoring System

® Institute of Electrical and Electronics Engineers
7 Absolute Concentrations of Free and Dissolved Gases
8 Total Dissolved Combustible Gases (TDCG)

® Total Combustible Gases (TCG)

10 Ratio

" Rate of Gas Increase

2 Intelligent Systems
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8 Discharges and Thermal (DT)

® graphical rectangles or cubes
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! Paper Decomposition (P)

2 partial Discharge (PD)

® Discharges of low energy (D1)

* Discharges of high energy (D2)

® Thermal fault <300°C (T1)

6 300°C< Thermal fault <700°C (T2)

" Thermal fault >700°C (T3)
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Limits of zones \
\#] (ppm'/year \ pl/llyear), ¢, saudl 5
PD | 98 % CH, [\#] (ppm'/year \ pl/llyear), gl sl 5
CH, | H | CHy | CoHy | CoHg | CO CO,
D1 23% C,H, | 13% C,H,
All 35- | 10- 32- 5-90 | 260- | 1700-
0, 0, 0, 0,
D2 | 23% CoHy | 13% CoH, | 40% CoHa | 29% CoH, Transformers 132 | 120 | 146 1060 | 10000
0, 0,
Tl 4% C,H, | 20% C,H, NO OLTC 0a
0, 0, 0,
T2 4% C,H, | 20% C,H, | 50% CyH, Communicating | 21-
T3 | 15% C,H, | 50% C,H, OLTC 37
V2] st p& 13 5 gile) shil 5 e el o 5o 1Y J g
CaHz CaHa Case Characteristic C,Hy CHy H, CoHy
CaHg b1 CoHa D1 fault C,H, C,Hg
257 287 Partial
D1/D2 D1/D2 discharges
o6 02 06 7 b2 PD (see notes 3 NS* <01 <0.2
02 - 02 ] and 4)
0.1 o 0,1 o .
Discharges of >1 01-05 >1
N T2 | D1 low energy
0.01 _E! | i 001 F'DIIT1| T . Discharges of
01 05 1 CHy 014, 1 2 4 CoH D2 high energy 0.6-25 0.1-1 >2
H ’ CaHy
’ ’ Thermal fault NS @ >1 but <1
a
Jelies (1 g ¢85 55k gl 5 b e oo ) K2 T t<300 °C NS
[\;] ‘,5-:3‘;5 CJL.&«» (u . u,s':"'; éh Thermoal fault
T2 300°C<t <0.1 >1 1-4
<700 °C
Thermal b
T3 faultt >700 | <0-2 >1 >4
°C

CoHa  x
CzHe

IEC 1643198

NOTE 1 The arrow indicates increasing temperature.

NOTE 2 The axes are limited to values of 10 for clarification of
presentation, but actually extend to unlimited values.

NOTE 3 Each of the cases defined in Table 3 is represented by a
volume or "box" on the 3-D graphic.

NOTE 4 The coordinates of each box are the same as in Table 3. It is
more convenient to use this representation with the help of a computer
software package.

NOTE 1 In some countries, the ratio C,H,/C,Hs is used, rather than the
ratio CH4/H,. Also in some countries, slightly different ratio limits are used.

NOTE 2 CHJ/H, <0.2 for partial discharges in instrument transformers.
CH4/H; <0.07 for partial discharges in bushings.

NOTE 3 Gas decomposition patterns similar to partial discharges have
been reported as a result of stray gassing of oil.

NOTE 4 Gas decomposition patterns similar to partial discharges have
been reported as a result of the decomposition of thin oil film between
overheated core laminates at temperatures of 140°C and above.

*NS = Non-significant whatever the value.

PAn increasing value of the amount of C,H, may indicate that the hot spot
temperature is >1000°C.
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0 Qutput

" Defuzzifier

2 Real Data

2 Conditional Propositions
¥ Linguistic Variables

% Mamdani Model

%6 Sugeno Model

17 State

< % CH,
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where  %C,H, = ((100x)/(x+y+z)) for x = [C,H_] in microlitres per litre

(nl/1); %CoHs = ((100y)/(x + y + 2)) for y = [CoH4] in pl/l; and %CH, =
((1002)/(x +y + 2)).

(FIS) U G\:::.«! s ¥

5 el e LS ola o5sp 3 Medipn gla e Sl slizd

b ke 3l dlae cpl s ol Lo ¢ L ol e Uast 5 g g Jloz|

O Sy bbb sl 5 Sl 355 53 6,5 e S

el 1 36 gl e K ol Sl ST Sl st eslin

SIFIS & espd o ahamde ¥ IS 53 oS L 5b Olan . IV IA] das e
el 0dd S5 5 (1!

S S bl Tl 30 S e Tl 36 )

[0.1] o3l nolie assazme & a3ls sl o3ls 4o o

Gl 5 DANT Wil T pie wls uy

JSE 5T 6 Jslr bl s sl (56 7 sls (53555 &S

s s dlg sl Bly ool edd i Y 5 ) e

Els S w s gl b S8 5 Dol S dL S

o C3S [0,1] Jle i e 5 Jbe i sla o3l 4 e

el
el b i ol NS oo =9) 650 pliialy e Y
q . oo N . . -
S2909 ¢ 6)5 u:”\ﬂ )\ ealeul L 3 °}l) Lf‘alﬂ) g_)L:LA.G
AR . .
IVelas o s b s al ol sla

! Uncertainty

2 Classification

® Fuzzifier

* Fuzzification

® Mapping

¢ Membership Function

" Inputs

8 Fuzzy Inference Engine (Decision-Making Unit)
°Fuzzy Rules
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2 Implication

® Aggregation

4 Zadeh Method

® Centroid Technique
& Weight

" Previous Values

8 Present Values
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Number Inputs

1 C0O2

2 CO

3 H2

4 CH4

5 C2H2

6 C2H4

7 C2H6

8 Rate_CO2

9 Rate_CO

10 Rate_H2

11 Rate_CH4

12 Rate_C2H2

13 Rate_C2H4

14 Rate_C2H6

15 CO2to CO

16 Rate_CO2 to Rate_CO

17 C2H2 to C2H4

18 CH4 to H2

19 C2H4 to C2H6

20 Graphical C2H2 to C2H4

21 GraphicalCH4 to H2

22 GraphicalC2H4 to C2H6

23 CH4Percent

24 C2H2Percent

25 C2H4Percent
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States No P|PD|D1|D2|T1 | T2 | T3 | DT
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Output
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File Edit View Options
G2HE =239 Rate_C2HE = 157 CHatoHZ2 =244  C2H410C2HE =0.033
Fault = 0.605
1 h
2009 -1.991 2009 2000 2000
x10* x10*

Input: | 535,157 .2,2.436,0.033]
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If C2H6 = 239 and Rate_C2H6 = 157.2 and CH4toH2 = 2.436 and
C2H4toC2H6 = 0.033 Then Fault = 0.6050 (T1)
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! Varnishing
2 Corrosion

#54. If (C2H6 is Abnormal) and (Rate_C2H6 is Abnormal)
and (CH4toH2 is BiggerThanl) and (C2H4toC2H6 is
SmallerThanl) then (Fault is T1)
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CO; CO H, CH, C2H2 C2H4 C2H6 'C.JU
(ppm) | (ppm) | (ppm) | (Ppm) | (ppm) | (ppm) | (PPmM) .
Sols 5 4 ge
489 257 81 70 2.369 40 186 | 30/05/2010
1451 341 39 95 0 8 239 | 02/10/2010
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Fault No P PD D1 D2 T1 T2 T3 DT
Fault
Range 0- 0.11 0.22 0.33 0.44 0.55 0.66 0.77 0.88
0.11 - - - - - - - -1
0.22 0.33 0.44 0.55 0.66 0.77 0.88
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