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Dissolved Gas Analysis in Transformer Oil for Preventive Maintenance Planning
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ABSTRACT

This paper presents techniques of dissolved gas analysis in transformer oil for preventive maintaining
planning. The oil has important function to provide cooling and electrical insulation for the transformer operation.
Any deterioration in the oil can lead to the premature failure of the transformer. When the oil is subjected to high
thermal and electrical stress, gases are generated from the decomposition of the oil. Different type of fault will
generate different gases. The analysis of these gases will provide the identification of the type of fault in the
transformer and used for planning preventive maintenance. As the example results, it is shown that the hydrogen
and acetylene tend to be increased. This means there is a severe arc in the oil due to the continuous flow of high

currents causing insulation damage. Therefore, it should be investigated to find the bug and fix it immediately.

KEYWORDS : Transformer Oil, Transformer Maintenance, Dissolved Gas Analysis
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3. suanamsnaaeuma (Interpretation of Result)
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(1) 7% IEEE Method (4) 7% IEC Method
2) % Key Gas Method (35) % Doernenburg Ratio Method
3) % Roger’s Ratio Method (6) 9% Duval Triangle Method

3.1 3% IEEE Method
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Carbon Carbon
Hydrogen | Methane Acetylene Ethylene Ethane
Status monoxide dioxide TDCG
(H,) (CH) (CH) (C,H) (C,Hy
(CO) (CO,
Condition 1 <100 <120 <1 <50 <65 <350 <2500 <=720
Condition 2 101-700 121-400 2-9 51-100 66-100 351-570 2500-4000 721-1920
Condition 3 701-1800 401-1000 10-35 101-200 101-150 571-1400 4001-10000 | 1921-4630
Condition 4 > 1800 > 1000 >35 >200 >150 > 1400 > 10000 > 4630
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32 3% Key Gas Method
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Case Fault Principle gas CO H, CH, C,H, C,H, C,H,
1 Overheated oil C,H, - 2% 16% 19% 63% -
2 Overheated cellulose (€[0) 92% - - - - -
3 Corona in oil H, - 85% 13% 1% 1% -
4 Arcing in oil CH, - 60% 5% 2% 3% 30%

3.3 3% Roger’s Ratio Method
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Ratio Gas (ppm)
R1 CH/H,
R2 C,H,/CH,
R3 C,H,/CH,
R4 C,H/C,H,
RS C,H,/C,H,

d‘ a o a a 1w 1 9] FY asy .
MIN 4 ﬂTi’Jl,ﬂ'5181’?!1’?@Nﬂ‘l.]ﬂ@'l%”Iﬂﬂ”l’t‘)ﬁ'i”lﬁ’luﬂ?‘]fﬂ’)ﬂ']‘ﬁ Roger’s Ratio

Case Fault R2 R1 RS
0 Unit normal <0.1 0.1-1.0 <1.0
1 Low energy density arcing <0.1 <0.1 <0.1
2 High energy discharge arcing 0.1-3.0 0.1-1.0 >3.0
3 Low temperature thermal <0.1 0.1-1.0 1.0-3.0
4 Thermal fault < 700 °C <0.1 >1.0 1.0-3.0
5 Thermal fault > 700 °C <0.1 >1.0 >3.0
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3.4 3% IEC Method

FEmsutlananminnasgiu IEC 60599 (1999) 92AR107 U509 Roger’s Ratio 1A8M3 NI U100
1w U 2] o ' 4 o a a A a 2
AOATITIUNY 3 914U (R1,R2,RS) Tun1i2e ppm Lﬁaszuﬁqaﬂymzmmmﬂnmmm Mpavulunile

ulasFaiseonifunnuialndns ez gungil 6 dnvaz das19d 5

M9 5 MIInziivaAndadnnsdasaaumnadieds IEC

Case Fault R2 R1 R5
PD Partial discharge - <0.1 <0.2
D1 Low energy discharge >1 0.1-0.5 >1
D2 High energy discharge 0.6-2.5 0.1-1.0 >2.0
T1 Thermal fault < 300 °C - >1.0 <1.0
T2 Thermal fault 300 °C to 700 °C <0.1 >1.0 1.0-4.0
T3 Thermal fault > 700 °C <0.1 >1.0 >4.0

35 3% Doernenburg Ratio Method

35M3U84 Doernenburg (Rohit Kumar Arora, 2013) 92 14180318 31A 11491 4 A1 (R1,R2,R3,R4)
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M319N 6 MIIATIHINMARALNAIINAIBATIEIUMHAI03D Doernenburg’s Ratio

Case Fault diagnosis R1 R2 R3 R4
1 Thermal decomposition >1.0 <0.75 <0.3 > 0.4
2 Corona (Low intensity partial discharge) <0.1 - <0.3 > 0.4
3 Arcing (High intensity partial discharge) 0.1-1.0 >0.75 >0.3 <04

4‘ 2 o w [+ v a axy .
M319N 7 VadnadTuavesmauaazsHan LISV Doernenburg Ratio

Gas Limit (ppm)
H, 100
CH, 120
C,H, 50
C,H, 35
C,H, 1
CO 350



https://www.machinerylubrication.com/Authors/Detail/104

a o a a a o A ¥y 4 o =y o = o
miﬂiz‘lgna‘lﬂﬂﬁ‘;zﬂu%muazu1uwm NWW'JVIEJ'IQUF{TIJ'V!N a3 13 szl 2561 AUN 20 TUNAY 2561

3.6 35 Duval’s Triangle Method

Fmsilgnaauaziuaus I Mr. Duval Taeldglammasuaiunmi 1 lumsesuiesdnbae
a a 9 =2 [ @ A as .
anuralnavesnoutasdauntiuilu 7 dn¥aea1un13190 8 35 Duval’s Triangle (M.Duval, 2008) 92
a 1 [9J a ' = 4 @
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80 €0 40 20

MWN 1 MsszyanyuzaNuAalnAfIsaIHAsNYBI Duval

%CH, = CH, x100 @)
CH,+C,H, +C,H,

CZHZ
CH, +C,H, +C,H,

%C,H, = ( ]xlOO 3)

%C,H, = C.H, X100 4
CH,+C,H, +C,H,

a a o a a "y © Y ax .
AN 8 fﬂﬁ'll,ﬂ51$W1WﬂWﬂﬂﬂﬁEﬂ”lﬂﬂ”liﬂﬂaz"llﬂﬁﬂ”quﬂ'lfnﬁ Duval’s Triangle

Case Fault Diagnosis CH, C,H, C,H,
PD Partial discharge 98% - -
D1 Low energy discharge - >13% <23%

13% —29% 23% - 38%

D2 High energy discharge -

>29% >23%
T1 Thermal fault <300 °C - <4% <20%
T2 Thermal fault 300 °C to 700 °C - <4% 20% — 50%
T3 Thermal fault > 700 °C - <15% >50%

DT Combination of thermal and electrical fault -
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4. wam3AzHMM] WY (Results of DGA)
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Carbon Carbon
Hydrogen | Methane Ethane Ethylene | Acetylene
Gas dioxide monoxide
(H) (CH) (C,Hy (C,H) (C,H))
(Co) (Co)
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IEEE Method Roger’s ratio Doernenburg’s Duval triangle
IEC Method
Key gas Method Method ratio Method Method
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Gas H, CH, CH, C,H, C,H, co, co TDCG

ppm 633 109 <1 96 203 262 469 1510
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Ratio Gas (ppm) Value
R1 CH,/H, = (109/633) 0.172
R2 C,H,/C,H, = (203/96) 2.115
R3 C,H,/CH, = (203/109) 1.862
R4 C,H/C,H, = (1/203) <0.1
RS C,H,/C,H, = (96/1) 96
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Gas Concentration (ppm) Percentage
Methane (CH,) 109 26.72 %
Acetylene (C,H,) 203 49.75 %
Ethylene (C,H,) 96 23.53 %
Total Gas 408 100 %
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Method Case Fault Diagnosis
IEEE (TCDG) Condition 2 Low level decomposition, requires individual gas analysis
Key Gas 4 Arcing in oil
Roger’s Ratio 2 High energy discharge arcing
IEC D2 High energy discharge
Doernenburg’s Ratio 3 Arcing (High intensity partial discharge)
Duval’s Triangle D2 High energy discharge
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