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ABSTRACT

Transformer plays an important role in Power transmission network.
For a reliable power supply utmost attention is required. The mineral
oil employed is exposed to high thermal and electrical stresses and thus
gasses are formed due putrefaction of the mineral oil. To reduce the
failure in transformers diagnosis of mineral oil for faults needs to be
carried out. The Dissolved Gas Analysis (DGA) is used for assessment of
oil for liquified gases formed due to faults. DGA involves five classical
methods Key Gas Method, IEC Ratio method, Rogers Ratio Method,
Doernenburg Ratio Method and Duval triangle Method. This paper
presents a MATLAB GUI for five classical methods with 93% accuracy
when compared to reliable individual method of 83% accuracy.

Keywords: DGA, Mineral Oil, Transformer, Fault Analysis, MATLAB
GUI

Introduction

The Transformer is a static device which transfers electrical
energy from one circuit to another circuit. It consists
of transformer oil with a primary function to insulate
and cool a transformer. As the transformer plays a
significant role in power transmission network, the oil
must have high dielectric strength, thermal conductivity
and chemical stabilities during its operation to avoid
untoward incidences. The oil decomposes when fault
occurs inside the transformer and thus liberates gas.
These gases help in identifying the type and severity of
fault. The cost of outages can be reduced by having a
proactive approach in identifying the faults instead of a
reactive approach. There are three different methods for
gas identification viz. TCG, GBA, DGA. Out of these three
DGA is the most reliable method for credentials of fault
inside the transformer.

Formation of Gases in Transformer Oil

Gas is formed in mineral oil due to decomposition of
cellulose and oil. Decomposition of cellulose and oil takes
place due to thermal fault and electrical fault. Electrical
faults occur due to Corona (Partial discharge) or Arcing
(High energy discharge). Gases formed are CH4, H2,
C2H6, C2H4, C2H2, CO2, CO etc. The percentage amount
of gases formed in transformer depends on type of fault
and its source of formation. Table 12 gives a dissolved
gas concentration permissible limit which determines the
health of the transformer.

Transformer Fault Diagnosis by Classsical
Methods

One of the main advantages of Dissolved Gas Analysis
over other gas identification methods is it gives early
identification of incipient fault. Figure 1 shows the steps
involved in DGA.?
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Table |.Dissolved Gas concentration limit
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The oil sample is consisting of the transformer unit.
From this oil sample, the dissolved gas is extracted. The
concentration of dissimilar gases in ppm is evaluated from
the extraction. The concentration values of different gases
are analyzed for incipient fault by five classical methods viz.
Key Gas Method, IEC Ratio Method, Rogers Ratio Method,
Dornenburg Method, Duval Triangle. The incipient fault
types is compared with all the five approaches and built
on percentage, the final incipient fault is definite.

Key Gas Method

Key Gas method be contingent on the percentage of key
gas liberated at the time of fault. Figure 2 shows dissimilar
incipient faults grounded on quantity of gases unconfined
inside the transformer.* When the gas crosses the limits,
succeeding fault is the root cause.
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Rogers Ratio Method

As the term proposes this method diagnoses the fault with
the help of gas ratios generated at the time of fault. The
four gas ratios are CH,/H,, C,H /CH,, C,H,/CH, and CH,/
C,H,. One of the main compensations of this method is
irrespective of the volume of oil it depends only on ratios
of gas released. Table Il shows codes for gas ratios. The
value of each ratio is calculated, based on these four ratios
range, code (0-5) is provided in Table Il. Table Il shows
fault identified with reference to the ratio of gases with
code. There are 12 possible causes of incipient faults as
shown in Table 3.

Table 2.Gas Ratio Codes*

S. . Ratio
No. Gas Ratios Codes Range Code
<=0.1 5
0.1-1.0 0
1. CH4/H2 i
>=1.0, <3.0 1
>=3.0 2
<1.0 0
2. C2H6/CH4 j
>=1.0 1
<=1.0 0
3. C2H4/C2H6 k >=1.0,<3.0 1
>=3.0 2
<0.5 0
4. C2H2/C2H4 | >=0.5,3.0 1
>=3.0 2

Table 3.Different faults based on Rogers Ratio®

S. No. i i k | Diagnosis
No fault. Normal
L 0 o0 0 deterioration
2 5 (0| 0 0 Partial discharge

Slight overheating
(<1500¢)

Overheating
(1500c-2000c)

Overheating
(2000c-3000c)

General conductor over

heating

7 1 lol 1 0 Winding circulating
currents

3 1 1ol 2 0 Core & circulating

currents (3000c-7000c)

Flash over without
power follow through

Arc with power follow

10. 0 |0f12] 12 through

Continuous sparking to

11. 0 10] 2 2 floating potential

12, s ol o |12 Partial discharge with

tracking

IEC Ratio Method

IEC ratio technique is resultant from the Roger’s Ratio
method. In this technique, ratio C2H6/CH4 was dropped
as it exposed only partial temperature range at the time
of decomposition in the transformer. Subsequent Table
IV shows the IEC Ratio codes with gas ratio range and its
code (0-2).%4

Table 4.EC Ratio Codes®*

Ratio

S. No. Codes

Gas Ratios Range Code

<0.1
0.1-1.0
>1.0
<1.0
1.0-3.0
>3.0
<0.1
0.1-3.0
>3.0

1. CH4/H2 i

2. C2H4/C2H6 k

3. C2H2/C2H4

N R, |OIN|[kP|IOIN|O|FR

Table 5, shows fault identified with reference to the ratio of
gases with code. There are nine possible causes of incipient
faults as shown below.

Table 5.Different faults based on IEC Ratio**®

S.No. | i k | Diagnosis
! o1 0 Normal ageing
2 1 0 0 Partial dlscharge'of low
energy density
Partial discharge of
’ t° : high energy density
4 0 1-2 1-2 Discharge of low
energy
5 0 2 1 Discharge of high
energy




Babukutty S et al.
J. Adv. Res. Sig. Proc. Appl. 2019; 1(2)

6 10 1] 0| 50 heatng
Pz o e

s 2] 0| G
RN IR N R

Dornenburg Ratio Method

This technique is based on ratios of four gases CH, / H,,
CH,/CH, CH, /CH,and C,H_/ CH,or six gases H,, CH,,
CH, CH, CH, and CO. Through this method three types
of fault can be analyzed i.e. thermal decomposition, corona
and arcing.” This method is valid when the concentration
of atleast one of the gasH_, CH,, C,H,, or C,H, must exceed
twice the concentration limit. However, gases viz. CH,_and
CO must exceed the concentration limit. Table 6 shows the

concentration limit of key gases.?

Table 6.Concentration limit for Dornenburg
Ratio Method?

Duval Triangle Method

Duval Triangle method is one of the most accurate method
when compared to other four approaches. This method is
based on three gases CH,, C,H, and CH,. The problem exists
only if at least one of the hydrocarbon gases or hydrogen
is greater or equal to L1 level. The gas generated must at
the rate of G1 & G2 as shown in Table 8.1

Table 8.LI limit and gas generation rates for Duval
Triangle Method'’

S. No. Key gas Concentration (PPM)
1. Hydrogen (H2) 100
2. Methane(CH4) 120
3. Acetylene (C2H2) 35
4, Ethylene (C2H4) 50
5. Ethane (C2H6) 65
6. |Carbon monoxide (CO) 350

Table 7, gives the diagnosis for different gas ratio range
and its subsequent fault.

Table 7.Diagnosis by Dornenburg Ratio Method®

(CH4/ (C2H2/ (C2H2/ | (C2H6/
Fault
H2) C2H4) CH4) C2H2)
Thermal
decom- >1.0 <0.75 <0.3 >0.4
position
Partial Not
Discharge | <0.1 sienificant <0.3 >0.4
(PD) &
Arcing >0.1to | >0.01to<
fault <1.0 0.1 >03 <04

G1 limits G2 limits
L1
S. No. Gas limits (ppm per (ppm per

month) month)

1 H2 100 10 50

2 CH4 75 8 38

3 C2H2 3 3 3

4 C2H4 75 8 38

5 C2H6 75 8 38

6 co 700 70 350

7 CO2 7000 700 3500

If the above conditions as declared in table 8, are content
then the problematic happens. The percentage of each
gas with total gas (CH4 + C2H4 + C2H2) is intended. This
percentage of each gas is plotted on the triangular chart
which is divided into six fault zones. The fault zone where
the point s situated designates the type of fault produced
in the transformer as shown in Figure 3.201

. By =%C,H,

Figure 3.Duval Triangle
Combined DGA Analysis

As shown in Figure 1, in this method the key gas is analyzed
by all the five methods which we have discussed, based
on the percentage of fault diagnosed by each method the
fault is determined. Table IX gives the codes for seven
unalike faults.®
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Table 9.Fault classification with codes®!'?

Table | |.Comparing percentage prediction of
individual and combined DGA method

S. No. Fault Code
1. Thermal faults<300°C F1 No. of Computation
0.0
2. Thermal faults 300°C-700°C F2 S. Method Data | Results | No %
3, Thermal faults >700°C F3 No. tested | ©Pta | Pred- | Accu-
4. Partial Discharge F4 ined iction racy
5 Arcing F5 1. | KeyGas | 30 13 17 | 43%
6. Normal Condition F6 2. IEC 30 19 11 63%
7. No prediction F7 3. Rogers 30 23 7 77%
Dornen-
Table 10.Mapping process of each fault with 4. bure 30 22 8 73%
different diagnostic methods®'2 5. Duval 30 25 5 83%
Method|  F1 P | B | M F5 | Fo [F7 g | Combined | )8 ) 93%
Principal DGA
Kev Ga No 0 No Principal | Principal |<Lim
ey Gas . gas CO, - .
prediction CoHa predictio| gasH2 | gas C2H2 | its References
Slight over| General Fla,sf;ovter 1. IEEEStd.C57.104-2008. IEEE Guide for the Interpretation
. . withou . o
heating<1 | conductor Overhea Partial pover N of Gases Generated in Oil-Immersed Transformers.
R 50C,Over | overheati | . discharge 0 Institute of Electrical and Electronics Engineers, Inc.,
ogers . ting>700 . follow, arc
heating | ng, core with New York. 2008; 9-27.
150G & racking | - er Pl 2. ANSI/IEEE Std C57.104-1991. IEEE Guide for the
200C |circulating follow R Interpretation of Gases Generated in Oil-Immersed
Thermal Thermal Partial S Transformers. IEEE Power Engineering Society. 1992.
Fault Fault Thermal | discharge Arcingand| Nor | 1 3. Gouda OE, Saleh SM, EL-Hoshy SH. Power Transformer
IEC |<150C,the 300C- Fault |of lowand sparlfing mal | ¢ Incipient Faults Diagnosis Based on Dissolved Gas
rmal fault | 0| >700C | high T Analysis. ijeecs.v1.il1. 2016; 10-16. DOI: 10.11591.
150C- energy I 4. Muhamad NA, Phung BT, Blackburn TR et al. Comparative
Dornenb| gt | Thermal | No - _ 0 Study and Analysis of DGA Methods for Transformer
urg Over | Decompo |Predictio) Corona | - Arcing N Mineral Oil. IEEE Lausanne Power Tech 2007.
heating T:mn 1 1 TP 5. Sarmas, D.V.S.S and G.N.S Kalyani. ANN Approach for
Thermal Ferurﬁa Thermal[ Low S,tll?lx Condition Monitoring of Power Transformers using
al WL
Duval Fault Fault | energy i DGA. 2004 IEEE Region 10 Conference. TENCON, 2004;
300C- . electrical
<3000C 700C >700C |discharged and A444-447.

The result of the combined analysis is showed on MATLAB
GUI. The above codes are combined to make available the
incipient fault based on the percentage of the fault 30 data
of gases was analyzed for DGA by linking the results with
specific approaches and combined DGA analysis.

Result and Conclusion

Using MATLAB GUI consequences for 30 data of gases
from dissimilar papers were intended [6]. The outcome of
the tested DGA is as shown in Table XI. It was experiential
that the most accurate way is duval triangle method with
83% accuracy. Still, with combine DGA investigation, the
percentage of accuracy is 93%. Thus, it is chosen to carry
out combined DGA analysis, in its place of the furthermost
precise individual Duval triangle technique for fault
examination in case of internal fault in the transformer.
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