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38  The following table shows the faults type and their description .

~

2% | Symbol Fault Examples

3 PD Partial Corona discharge in voids, gas bubbles with possible RS
oN Discharge Formation of X — wax in paper X2
S8 Partial discharges of the sparking type, inducing pinholes, &2
QA : : g
s Discharges of carbonized punctures in paper . . S
o Low energy arcing inducing carbonized perforation or X2
R D1 Low energy : . g8
22 Surface tracking of paper, or the formation of carbon o
22 Spark . . B2
3 Particles in oil 2
2 Discharges in paper or oil, with power follow-through, Z
22 . Resulting in extensive damage to paper or large formation X
32 Discharges of ) . . .. : 52
oX D2 : Of carbon particles in oil, metal fusion, tripping of equipment X2
oX high energy S
3 Arc and gas alarms =S
2 CQ
53 T1 Thermal Fault | Evidenced by paper turning brownish ( > 200-C) or B2
: T<300-C | Carbonized (( > 300-C) 3
Q2 &9
23 Thermal fault o : . <8
N T2 oR
s 300<T>700C Carbonization of paper, formation of carbon particles in oil 3
2 T3 Thermal Fault, | Extensive formation of carbon particles in oil, metal ,_:,;
3 T>700-C Coloration (800°C ) or metal fusion (>1000-C) =S
3 Electrical =S
Z DT Fault 2
2 And Thermal | Development of one type of fault into another type of fault g
3 Fault B2
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Dissolved Key Gas Concentration Limits In Parts Per Milion (ppm)

s B CH M CHCA 00O TO0G

Condtin !~ 100 0 % &N 6 X 20 1l

Condon? 101700 121400 3680 500 66100 36160 2004000 7210

Condiion 3 7014600 404,000 5640 10200 101450 S744.400 400110000 1921460

Condtiond 1800 >1000 >80 200 >0 140 000 4680

100, s ot included n adding the rumbers for TOOG because s not a combustbl gas.
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53 (@) de K
D [t 27)]
R .27
Y 3
& -Actions Based on Dissolved Combustible Gas g8
23] A
33 Sampling Intervals and Operating Actions S
~Ja 29
38 TOCG Lovel or TDCG for Gas Generation Rates 22
3 Highest Individual Generation RS
2 Gas Rates Sampling =X
2 Conditions (See Table 4) (PPM/Day) Interval Operating Procedures Z
35 <720 ppm of TOCG <10 Annually: &S
3 or highest condition 6mo for Continue normal aperation. 22
3 based on individual EHV trans g8
Y i 2
S Condition 1 gas from table 4 1030 Quarterly =2
35 >30 Monthly Exercise caution. Analyze g8
z individual gases to find cause. L;,
i Determine load dependence. B2
~Ja =29
53 721-1,920 ise caul =
39 920 ppm of Exercise caution. Analyze 2%
&R TDCG or <10 Quarterly | jndividual gases to find cause. S
z Condition 2 highest condition Determine load dependence. L:,,
b2 based on individual 10-30 Monthly 2
R .27
z gas from table 4 >30 Monthly L:ﬂ
o 1.921.4.630 ppm of <10 Monthly Exercise extreme caution. =S
= TDCG or Analyze individual gases to find RS
33 Condition 3 highest condition 10-30 Weekly cause. Plan outage. Call =8
2% based on individual manufacturer and other &S
53 gas from table 4 >30 Weekly consultants for advice. 22
N7 2
SR >4 630 ppm of <10 Weekly Exercise extreme caution, B2
% TDCG or Analyze individual gases to find gS
ox highest condition - cause, Plan outage. Call &S
33 Condition 4 based on individual 10-30 Daily manufacturer and other 5
% gas from table 4 consultants for acvice, g8
29 >30 Daily Consider removal from service. X2
‘f’ Call manufacturer and other Z
ex consultants for advice. RS
o A
32 NOTES: 1. Either the Highest Condition Based on Individual Gas or Total Dissolved Combustible Gas can eg
5 determine the condition (1,2,3, or 4) of the transformer [11). For example, if the TDCG is between 1,941 ppm and g8
2 2,630 ppm, this indicates Condition 3. However ,if hydrogen is greater than 1,800 ppm, the transformer is in L:,,
o Condition 4, as shown in table 4.. 5
c& 2, When the table says “determine load dependence,” this means, if possible, find out if the gas generation rate in Z
g3 ppmiday goes up and down with load. Perhaps the transformer is overioaded. Take oll samples every time the load B2
cfa changes; if load changes are too frequent, this may not be possible. Z
X 3. To get TOCG generation rate, divide the change in TDCG by the number of days between samples that the g
2 transformer has been loaded. Down-days should not be included. The individual gas generation rate ppm/day is _ L:,,
R determined by the same method. =23
= PN 77
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Corona In Transformer Oil

HYDROGEN - 86.0% of Combustibles (KEY GAS)
Methane - 13.0 % of Combustibles

Carbon Monoxide - 0.2% of Combustibles

Ethane - 0.5% of Combustibles

Ethylene - 0.2% of Combustibles

Acetylene - 0.1% of Combustibles
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Arcing In Transformer Oil
Hydrogen - 60.0% of Combustibles
X ACETYLENE - 30.0% of Combustibles (KEY GAS)
2  Methane - 5.0 % of Combustibles
3% Ethane - 1.6% of Combustibles 28
3 Ethylene - 3.3% of Combustibles

Y[ I 2.9 2. 9] .9 .9 », % 9|,
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63.0 % of Combustibles
17.0 % of Combustibles
16.0 % of Combustibles

Trace
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Trace

Overheating Of Transformer O

ETHYLENE

Acetylene
Misc. Gases
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Overheated Cellulose

CARBON MONOXIDE - 92.0% of Combustibles (KEY GAS)
Hydrogen 6.7% of Combustibles

Methane - 1.2 % of Combustibles
Ethane - 0.01% of Combustibles

Ethylene - 0.01% of Combustibles
Acetylene 0.01% of Combustibles
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Partial Discharge (Not Temperature Dependent)
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Approximate Oil Decomposition Temperature
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DGA interpretation table

| .
C.H CH CH
Case Characteristic fault A2 e S
C,H, H, CoHg
| PD Partial discharges NS <0,1 <0,2
D1 Discharges of low energy >1 0,1-0,5 >1
D2 Discharges of high energy 0,6=-2,5 | 0,1-1 >2
T1 Thermal fault NS >1 but <1
t <300 °C NS™)
T2 Thermal fault <0,1 > 1-4
. 300°C<t<700°C
T3 Thermal fault <022 51 >4
t> 700 °C ' '

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

NOTE 2 - The above ratios are significant and should be calculated only if at'
least one of the gases is at a concentration and a rate of gas increase above
typical values

NOTE 3 - CHy/H, <0,2 for partial discharges in instrument transformers.
CHa/H, <0,07 for partial discharges in bushings.

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

') NS = Non-significant whatever the value.

2) An increasing value of the amount of C,H, may indicate that the hot spot
temperature is higher than 1 000 °C.
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Ratios for key gases

Code range of ratios C,H, | CH, | C.H, Detection limits and 10 x detection limits are shown below:
CH,| H, | CH, CH, 1 ppm 10 ppm
2Ha Tppm 10 ppm
<0.1 o |l1] 0 CH, Tppm 10 ppm
0.1-1 11010 H, Sppm 50 ppm
1-3 112 ] 1 C.Hs Tppm 10 ppm
>3 2 2 2
Case Fault Type Problems Found
0 No fault 0 0 0 Normal aging
1 | Low energy partial | 1 1 0 |Electric discharges in bubbles, caused by insulation voids or super
discharge gas saturation in oil or cavitation (from pumps) or high moisture in
oil (water vapor bubbles).
2 High energy 1 1 0 |Same as above but leading to tracking or perforation of solid
partial discharge cellulose insulation by sparking, or arcing; this generally produces
CO and CO,.
3 Low energy 1-2 | 0 1-2 | Continuous sparking in oil between bad connections of different
discharges, potential or to floating potential (poorly grounded shield etc);
sparking, arcing breakdown of oil dielectric between solid insulation materials.
4 High energy 1 0 2 |Discharges (arcing ) with power follow through; arcing breakdown of
discharges, arcing oil between windings or coils, or between coils and ground, or load
tap changer arcing across the contacts during switching with the oil
leaking into the main tank.
5 | Thermal faultless | 0O 0 1 |Insulated conductor overheating; this generally produces CO and
than 150 °C CO, because this type of fault generally involves cellulose
(see note 2) insulation.
6 Thermal fault 0 2 0 |Spot overheating in the core due to flux concentrations.
temp. range Items below are in order of increasing temperatures of hot spots.
150-300 °C Small hot spots in core. Shorted laminations in core. Overheating
(see note 3) of copper conductor from eddy currents. Bad connection on
winding to incoming lead, or bad contacts on load or no-load tap
7 Thermal fault 0 | 2 [ 1 [changer. Circulating currents in core; this could be an extra core
temp. range ground, (circulating currents in the tank and core); this could also
300-700 °C mean stray flux in the tank.
8 [ Thermal faul O | 2 | 2 |These problems may involve cellulose insulation which will produce
temp. range over CO and CO
700 °C -
(see note 4)

Notes: 1. There will be a tendency for ratio C,H, /C,H, to rise from 0.1 to above 3 and the ratio C,H, /C,Hj to rise from 1-3 to above 3
as the spark increases in intensity. The code at the beginning stage will then be 10 1.

2. These gases come mainly from the decomposition of the cellulose which explains the zeros in this code.

3. This fault condition is normally indicated by increasing gas concentrations. CH, /H, is normally about 1, the actual value above or
below 1, is dependent on many factors such as the oil preservation system (conservator, N, blanket, etc.), the oil temperature, and oil

quality.

4. Increasing values of C,H, (more than trace amounts), generally indicates a hot spot higher than 700 °C. This generally indicates
arcing in the transformer. If acetylene is increasing and especially if the generation rate is increasing, the transformer should be de-
energized, further operation is extremely hazardous.
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