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The New Criteria of Dissolved Gas Analysis for
Oil-Filled Transformers Using a Cumulative Distribution
Function
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Abstract

This paper presents new criteria for DGA (Dissolved Gases Analysis) using CDF (Cumulative Distribution
Function) obtained from the data from the diagnosis of transformers operated in KEPCO over a period of 16
years. Because of differences in operating environments, construction type, oil volume, and other factors, the
interpretative criteria of DGA at KEPCO differs from other standards such as IEC-60699, or Rogers and
Doernenburg. To suggest the most appropriate criteria, the DGA data from transformers under normal
conditions as well as from developing fault transformers were collected. Using these data, this study suggests
the limitative gas level of transformers under normal operating conditions and verifies the suitability of the
criteria. Because the application of this new criterion to transformers at KEPCO increases the detectable ratio of
incipient faults and reduces unnecessary follow-up sampling and analysis, the new criteria vields a more

reliable prediction of transformer condition.
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1. Introduction

Power transformers are essential for a
transmission and distribution system. Faults in
power transformers may cause a breakdown in
power supply and loss of profit. Therefore, in order
to repair power transformers safely and to improve
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the reliability of power systems, it is very
important to detect incipient fault as early as
possible.

Because of the importance of power trans-
formers, there are many diagnostic techniques for
the earlier detection of developing faults. The
dissolved gases analysis (DGA) is one of the most
useful techniques to detect incipient faults in
power transformers. It periodically samples the
insulation oil of transformers to obtain the
constituent gases in the oil which are formed due
to the overheating and discharge of the insulating
materials inside. As a result of DGA, a quantity of
gases can be obtained: hydrogen (Hp), acetylene
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(CHy), ethylene (C:Hi), methane (CHa), ethane
(CHs), carbon monoxide (CO) and others.
Considering the concentration of each gas, it can
be decided whether the condition of the
transformer is safe, or whether it requires
maintenance [1].

There are many interpretative methods based on
DGA for diagnosing the condition of a transformer,
such as the IEC ratio codes, and the Rogers,
Doernenburg and Trangle methods, which were
developed from investigations of gases formed
from actual developing problems [2-3].

Because the generation of gases is related to the
features of the transformer such as ol volume,
operation environment, construction type, and
others, these diagnostic methods, which do not
take into consideration the characteristics of the
power transformers at KEPCO, are not
appropriate.

To increase the accuracy of diagnosis, some
utilities publish criteria that consider the
characteristics of their own transformers [4-5].

Therefore, a study of an appropriate
interpretation method of DGA that takes into
consideration the features of the power
transformer at KEPCO has been made.

KEPCO has been performing DGA since 1982
and results of these tests have been stored in the
Maintenance System.

Results from 37,782 DGA tests along with 122
reports of transformers in which incipient fault
were detected have been collected.

2. Analyzing the DGA of
KEPCO

2.1 Criteria of DGA at KEPCO

To ensure safe operation of its more than
4,300transformers, KEPCO periodically performs a

DGA every year. As a result of DGA, a quantity
of TCG and seven gases have been obtained:
hydrogen (Hz), acetylene (Cstb), ethylene (Cotl),
methane (CHy), ethane (CiHs), carbon monoxide
(CO) and propane (CsHs). The TCG (Total
Combustible Gases) is the sum of these seven
gases.

The condition of the transformers is diagnosed
by applying the concentration of these seven gases
and TCG to the criteria for interpretation. The
DGA criteria of KEPCO cdlassify the condition of
each transformer into four steps: normal, caution,
abnormal and danger.

Where the concentration of at least one of the
seven gases exceeds the range of normal
concentration, the result of ‘caution’ is diagnosed.

For exarmple, if other concentrations of gases are
in the normal range and the concentration of
acetylene is 30lppml, the result is that of caution.

If the result of DGA is caution, a follow-up
sampling is executed after three month and if the
result of the DGA is abnommal, a follow-up
sampling is executed after one month. The
transformer classified as a danger is investigated
as soon as possible.

Because the transformers that are classified as
of a normal condition are not assigned follow-up
maintenance action, it is important to differentiate
between a normal range of gas and a range that
requires action.

Table 1 shows the interpretation criteria of
DGA[6].

Fig. 1 shows which gas is a frequent cause for
cautionary conditions.

Carbon monoxide is the most frequent causative
gas in all conditions. Ethane is the second most
frequent causative gas.
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Table 1. The interpretation criteria of DGA

(Unit : ppm)
Normat Caution Abnormal Danger
1AV | 3450VT | 15406V | 34o0kVT | 140KV | 3alk] | 1540V | 345kV]
H ~3%9 400~80 801~1,200 1200~
400~ 1 B0~ | 01~ | 601~
€O | ~39 7} ~39 ~ ~
00 | 600 | 1000 | 80 L0~ 80
B~ | B~ | 8~ | 61~
CHe | ~4 | ~19 0~ | 10~
# & &0 30 [ 10 B~ 1
CH, ~249 B0~ T1~1000 1,000~
CH, ~29 30~70 o1~ 1000 1000~
CaHg ~249 B0~T0 Ti~1000 1,000~
CHs ~249 B0~ BI~100 1,000~
1000~ 2501~
TCG ~9% ) ~
2500 4000 400

The cause of danger condition
G, 1%

€0, 25%.
~ M, 27%

CoMe, 9%

The cause of abnormal condition
C3Hg, 1%_ 2 3% CoHy, 1%

e oM, 11%

N CHg 11%

“CH,, 5%

The cause of caution condition

H,, 1% -CoHy 5%
CaHg, 5% _CoHe 6%

CO,55%

Fig. 1. The percentage of causative gases
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2.2 The Results of Inner
Inspection

Reports of incipient fault transformers that have
been investigated since 2000 have been compiled
because of the alarm arising from DGA. The
reports of sixty—four inside inspections have been
collected.

When an inside
transformers takes place, an incipient fault is
sometimes undetected. When the result of the
DGA is constantly that of caution or abnormal
conditions, an inside inspection of the power
transformers is performed. That the normal range
of DGA criteria is inappropriate must be
considered.

mnspection of power

Fig. 2 shows the ratio of incipient fault
detection.

Fig. 2. The percentage of incipient fault detection

The cause of a low percentage of incipient fault
detection for carbon monoxide results from the
inappropriateness of the criteria. Because the DGA
criteria are inappropriate, carbon monoxide very
frequently causes cautionary conditions.

Changing the normal range of the DGA critena
has two meanings. Even though increasing the
normal range of the DGA criteria decreases
unnecessary follow-up analyses, the probability of
finding a developing fault in a transformer is
decreased as well. Decreasing the normal range of
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the DGA criteria increases unnecessary follow-up
analyses and the probability of finding developing
faults. Changing the normal range of DGA criteria,
therefore, is not easy.

2.3 Analyzing the Gaseous
Concentration of Normal
Transformers

The range of the concentration of gases for a
normal state was established using the recorded
DGA data of normal transformers. In this study,
the DGA data from 358 normal transformers
were collected.
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(b) The cumulative distribution function
index (CDFI) of CyH2

Fig. 3. The cumulative distribution function curve
of normal transformers
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The gas levels of transformers under normal
conditions were found using a CDF curve plotted
with the gathered data.

Fig. 3 shows the CDF curve based on the type
of gas.

This paper suggests that the concentration
corresponding to 99.9[%] of the CDF be used for
the normal concentration value.

Only 0.1[%9] of the DGA results from normal
transformers exceed the suggested criteria. The
suggested range of concentration for transformers
in a normal state is shown in Table 2.

Table 2. The suggested concentration ranges of
normal transformers (PPM)

H CH; | CHy | CoHs | CHa | CO
154[kV] ~19

~199 ~159 | ~299 | ~159 | ~749
450KV ~16

2.4 Analyzing the Concentration of
Gases for Transformers
Developing a Fault

To verify that the suggested concentration of
gases is correct for detecting incipient faults, the
DGA data for transformers developing a problem
was collected. Seventy-seven data samples from
faulty transformers were collected; due to an
insufficiency of data, however, the CDF was
plotted (Fig. 5) wusing Weibull Cumulative
Distribution Functions (WCDF).

Equation 1 shows how the WCDF was obtained.

x m
Fx)=1—e @) M
Here, x= concentration

m= shape paraméter
1 = scale parameter
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Fig. 5. The Weibull Cumulative Distribution
Function curve for transformers
developing a fault

The Weibull Distribution is one of the most
widely used lifetime distributions in reliability
engineering. It is a versatile distribution that can
take on the characteristics of other types of
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distributions, based on the values of the shape and
scale parameters.

The shape and the scale parameters were found
using the Weibull sheet method [7].

The WCDF and CDF of Hz were compared in
Fig. 4. Based on a sufficient amount of data, the
WCDF and the CDF yield similar results.

Comparing the established criteria with the
suggested criteria, the detectable percentage of
incipient faults was calculated using WCDF. The
detectable percentage of incipient faults for Hp,
Cotk, GHy and CHs was increased as shown in
Table 3.

The detectable percentage of incipient faults for
CHs and CO, however, decreased due to the
increasing of the concentration of the criteria.

Table 3. The detectable percentage of incipient
faults as a result of changing
concentrations for the normal range

Established Criteria Suggested Criteria
154[kv] 345[kV] 154[kV] 345[KkV]
H 84.4 (%] 985 [%]
CoHy | 697 [%) | 863 (%] | 878 [%] | 911 (%]
Cola 90.5 [%] 979 [%]
CoHs 879 (%] 816 [%]
CH, 81.1 [%] 93.0 [%]
CoO 839 [%] 6.0 [%]

Because the detectable percentage of carbon
monoxide decreased remarkably, the increased
criterion for carbon monoxide is not correct. The
T7[%] decrease for the detectable percentage of
carbon monoxide is too great. Hence, another
criterion appropriate for carbon monoxide must be
found.

3. Verifying the Proposed
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Criteria by Application to
Recorded DGA Data

To venfy that the suggested concentration of
gases is usable, the suggested criteria were
applied to approximately 37,000 data samples from
the power transformers in operation at KEPCO.

First, the four gases Hp, Cotl, CoHy and CHa
were analyzed. The criteria concentrations for
these gases were found to have decreased.

The decreasing of the criteria changes the
diagnosis of normal conditions to caution
conditions. For example, 300[ppm] of hydrogen
was diagnosed as a normal condition by the
established criteria, but was changed to caution
conditions with the suggested criteria.

Table 4. The figure of transformer based on case

I I I
TO
CASE | CASE | CASE TAL

H; 11 17 7 3

154[kV] 6 8 3 17
CoHy

345kv] 1 5 2 8
Cota 33 100 18 160

CHy 5 55 9 69

The 292 samples of changed DGA diagnoses
were analyzed. As a result, the data were divided
into five cases. First, when the concentration was
decreased after the diagnosis of caution in
accordance with the established criteria, the data
was classified as Case 1. The concentration of
data classified as Case 2 increased continuously
after the DGA diagnosis. Case 2 refers to incipient
faults in power transformers that are able to be
detected earlier. Finally, when the concentration
increased only once, the data are classified as Case
3. Case 3 most likely occurs due to errors in
extracting gas from insulation oil Case 3
sometimes occurs when the criterion for hydrogen

@

is 400[ppml. A figure of these Cases was arranged
in Table 4 according to type of gas. The high ratio
of Case 2 means that a developing fault can be
detected earlier. The suggested criteria for these
four gases are, therefore, correct. ’

In the second analysis, the two gases CzHs and
CO were analyzed. The criteria for these gases
were increased. The change of the figure for
caution conditions figure is a result of the change
of DGA criterion shown in Fig. 6 and 7.

1200

800

The Agure of Caution

v i 3
50 300 350 400 850 o SO0
TheCriterion Concentration

Fig. 6. The figure of caution condition due to
ethane concentration

Fig. 7. The figure of caution condition due to
carbon monoxide concentration

The criteria suggested in Table 2 cause the
decrease of the figure for caution conditions. The
criterion for ethane causes 350 reductions in the
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figure for caution conditions and a 6.3[%]
reduction in the detectable ratio of incipient faults.
The criterion of ethane presented in Table 2 is not
without fault but it is, however, appropriate. The
criterion for carbon monoxide causes 2,300
reductions in the figure for caution conditions and
a 77[%] reduction in the detectable ratio of

incipient faults. Because extreme reduction of the '

figure for caution conditions caused by the
suggested crterion for carbon monoxide, it is
effective. The detectable ratio of developing faults
may, however, be reduced too greatly.

Therefore, considering the detectable ratio and
the figure of caution conditions, it is suggested

that the new criterion for carbon monoxide be
450[ppm.

4. Case Study

The case verifying that the suggested critenia
are more appropriate than other criteria in use is
shown in Table 5. Only the suggested criteria
diagnose this case as a case for caution. Fig. 8
shows the particles of steel detected in the
transformer. Because of these particles, electrical
discharge occurred.

The suggested concentration range for
transformers under normal conditions and other
criteria are compared in Table 6.

Table 5. Comparing the suggested concentrations
and other criteria (PPM)

Concentration The result of diagnosis

IEEE IEC New

| G | Gl | Colls ,
| G| Glle ) Glls | Ol (0 o o | G

318 A 8 16 | B Noemal | Nomal | Caution
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L

Fig. 8. The detected particle of steel

Table 6. Comparing the suggested concentrations
and other criteria (PPM)

New Criteria IEEE

15400) | 34500) | C57.104 IECO058
H) ~199 ~100 ~150
Gl | ~19] ~16 | ~% ~50
CaHy ~159 ~50 ~280
CoHs ~299 ~65 ~90
CH; ~159 ~120 ~110
co ~ 449 ~350 ~900

5. Conclusion

In this paper, the best criteria for the DGA of
transformers at KEPCO were presented. 99.9(%]
of the DGA results from normal transformers do
not exceed the suggested criteria.

The degree of detection for a developing fault
was verified for the criteria. This verification was
carried out using the transformer DGA data in
which developing faults were detected. It was
confirmed that the suggested criteria help to
increase the detectable percentage of incipient
faults. The appropriateness of criteria was verified
using the data of all DGA results obtained at
KEPCO. It was also confirmed that the use of the
suggested criteria aids in the earlier detection of
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faults. Because the criteria for ethane and carbon
monoxide are ambiguous, an average is suggested
for these concentrations.

In conclusion, the concentration ranges which
are proposed in this paper for normal transformers
are more approprate than other criteria of this
type.
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