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Background

Insulating materials (oil, paper, etc) inside a transformer breaks down from

Thermal Stresses

Electrical 

Stresses

Insulation 

Overheating

Partial Discharges

Arcing
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Fault categories:

• Localized overheating

• General overheating

• Partial Discharge/Corona

• Arcing

These gases can indicate:

• Fault condition

• Materials involved in the fault

• Severity of the fault condition

Fault Energy
Hydrocarbon 

Molecules
Hydrocarbon

Gases

Background
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Abnormal energy applied to mineral oil breaks some chemical bonds in the oil 

producing combustible gas.

Background
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Energy applied to insulation paper breaks some chemical bonds and 

produces Carbon Dioxide, Carbon Monoxide, Water and ‘Furans’. 

Background
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Gas generation in oil verses temperature.

Background
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Saturation levels in oil vary with temperature based on curves below.
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Example: Oil will hold about 9 cu-ft of Nitrogen per 1000 gallons of oil.

Solubility of Gases in Transformer Oil
(Percent by Volume)

H2 Hydrogen 7.0

N2 Nitrogen 8.6

CO2 Carbon Monoxide 9.0

O2 Oxygen 16

CH4 Methane 30

CO2 Carbon Dioxide 120

C2H6 Ethane 280

C2H4 Ethylene 280

C2H2 Acetylene 400

Static Equilibrium Pressure 1 Atmosphere at 25°C
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• By detecting and interpreting certain key gases and their ratios, 

transformer problems can be exposed. 

• Data from fault gas analysis can provide

a) Advance warning of incipient faults

b) A means for conveniently scheduling repairs

c) Monitor the rate of fault development

d) Root cause investigations after failures have occurred 

• Distribution of gases Type of fault

• Rate of generation Severity of fault 

Background
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Two main methods of Sampling

a) Gas blanket over oil

b) From oil

Physical gas 

formation

Physical gas 

formation

Interpretation

of results

Interpretation

of results

Known science Years of empirical data

Methods of Fault Gas Detection
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Disadvantages of gas blanket sampling

• Not all transformers have a gas blanket above oil

• Gas space concentrations must be converted to oil concentrations 

before interpretation

• Gases generated in the oil take time to partition into the gas space and 

achieve equilibrium

• TCG monitoring can provide an alarm and data and gas generation rate 

but not individual gases

• Interpretation ratios are different in the gas space vs. in oil

Why DGA?
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Enough useful information can be extracted from 9 gases:

Atmospheric Gasses

• Nitrogen (N2)

• Oxygen (O2

• Hydrogen (H2)

Oxides of carbon

• Carbon Monoxide (CO) 

• Carbon Dioxide (CO2)

Hydrocarbons

• Methane (CH4)

• Ethane (C2H6)

• Ethylene (C2H4)

• Acetylene (C2H2)

Gases of Interest
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Thermal FaultThermal Fault

Electrical FaultElectrical Fault

Insulation 

Overheating

Insulation 

Overheating

Oil 

Overheating

Oil 

Overheating

Partial 

Discharge

Partial 

Discharge

ArcingArcing

Carbon Monoxide, Carbon DioxideCarbon Monoxide, Carbon Dioxide

Hydrogen, Methane, Ethane < 150 C

Hydrogen, Ethylene, Trace Acetylene  > 500C

Hydrogen, Methane, Ethane < 150 C

Hydrogen, Ethylene, Trace Acetylene  > 500C

Hydrogen and Methane

Small amounts of Ethane and Ethylene

Hydrogen and Methane

Small amounts of Ethane and Ethylene

Hydrogen and Acetylene

Small amounts of Ethane and Ethylene

Hydrogen and Acetylene

Small amounts of Ethane and Ethylene

Gases of Interest (cont.)
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• Diagnostic technique useful for preventive maintenance

• Oil sample is extracted from the transformer

• Involves extracting the gases from the oil and injecting them 

into an equipment called gas chromatograph

Laboratory

DGA Technique
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Standards associated with DGA:

Sampling ASTM D3613

Testing ASTM D3612

Analyzing IEEE C57.104

Industry Standards
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• Analysis of these gases and their interpretation is an art

• Variability in the interpretation depends on:

‒ Type/brand/geometry of the transformer

‒ Fault temperatures

‒ Solubility and degree of saturation of various gases in oil

‒ Type of oil preservation system

‒ Type and rate of oil circulation

‒ Types of materials in contact with oil

‒ Sampling and measuring processes themselves

‒ Lack of trend data

‒ Residual gas from past events

‒ Insufficient gas concentration to use for analysis

Interpretation of DGA Results
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Interpretation methods by which faults can be detected:

• IEEE C57.104-2008

• Key Gas Analysis

• Roger’s Ratios

• Doernenburg’s State Estimation

• Duval’s Triangle 

Interpretation of DGA Results (cont.)
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Interpretation of DGA Results –
IEEE C57.104
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Interpretation of DGA Results –
IEEE C57.104
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Interpretation of DGA Results –
IEEE C57.104
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Interpretation of DGA Results –
IEEE C57.104
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Each ‘Key Gas’ is identified with a certain fault

Examples:

Fault Pattern Key Gas

Conductor Overheating CO/CO2 (Carbon Oxides)

Oil Overheating C2H4 (Ethylene)

Partial Discharge H2 (Hydrogen)

Arcing C2H2 (Acetylene)

Interpretation of DGA Results – Key Gas Analysis
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• Method to determine fault based on relative concentrations 

of five gases:

Hydrogen, Ethane, Ethylene, Methane and Acetylene

‒ R1 = Acetylene/Ethylene

‒ R2 = Methane/Hydrogen

‒ R3 = Ethylene/Ethane

• Code assigned based on relative ratios of above gases

• Set of code numbers defines one among eight faults

Interpretation of DGA Results – Roger’s Ratio
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Interpretation of DGA Results – Roger’s Ratio
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• Similar to Roger’s ratios but with four ratios instead of three

‒ Ratio 1: Methane/Hydrogen

‒ Ratio 2: Acetylene/Ethylene

‒ Ratio 3: Acetylene/Methane

‒ Ratio 4: Ethane/Acetylene

Interpretation of DGA Results – Doernenburg’s
State of Estimation
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• Developed using a database of thousands of DGAs 

and transformer problem diagnoses

• This method describes 6 basic fault types

‒ PD = Partial Discharge

‒ T1 = Thermal fault < 300C

‒ T2 = Thermal fault between 300C to 700C

‒ T3 = Thermal fault > 700C

‒ D1 = Low energy discharge (Sparking)

‒ D2 = High energy discharge (Arcing)

‒ DT = Mix of thermal and electrical faults

Interpretation of DGA Results –
Duval’s Triangle and Pentagons
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Interpretation of DGA Results – Duval’s Triangle
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• Dissolved gases are detectable in low concentration 

levels (parts per million - ppm)

• Advanced warning of incipient faults

• Status checks on new or repaired units

• Convenient scheduling of repairs

• Monitoring of units under overload

• Information about fault can reduce equipment downtime

• Helps to make a prognosis on the life of a transformer

• Information to perform root-cause analysis after a failure 

has occurred

Advantages of DGA
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• DGA cannot detect location of a fault

• Preventing acute faults which develop within seconds 

or minutes

• Insulation degradation caused by elevated temperatures 

(<150 C) for a long time

• If the transformer has been refilled with fresh oil, results 

may not be indicative of faults

Disadvantages of DGA
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• Interpretation is an art, consider the factors which lead to the variability in analysis

• Residual gases in the oil from previous faults might lead to misleading 

interpretations

• More critical the unit, more frequently it should 

be sampled

• There are no standard levels of concern/action levels 

of gas concentration, different companies have their 

own levels

• As key gas concentrations approach the action levels, consideration should be 

given to taking the transformer out of service for further testing and inspection

• Consider ‘online’ monitoring as some monitors do much of the analysis for you. 

Considerations for Transformer Users
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Factors affecting effectiveness of DGA

• Use only trained and qualified people to take oil 

(or gas) samples

• Carefully select a laboratory for the analysis

• Compare transformers on an equal oil volume basis

• Establish a base line measurement for each transformer

• Establish a sampling plan to generate trend data

• Repeat sampling and analysis to confirm the diagnosis 

before taking drastic action on a single sample

Considerations for Transformer Users (cont.)
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How to Take a DGA Sample
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Example:

Other Oil 

Diagnostics
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Furans
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Most analytical Labs determine the concentration of five Furanic compounds:

Compound Abbreviation Cause

2-furaldehyde (2FAL) General overheating, normal ageing.

5-methyl-2-furaldehyde (5M2F) High Temperatures

5-hydroxylmethyl-2-furaldehyde (5H2F) Oxidation

2-acetyl furan (2ACF) Rare, causes not fully identified

2-furfuryl alcohol (2FOL) High Moisture

Note: 2FAL is stable for years while other Furanic compounds are less stable. They tend to 

form and then degrade to 2FAL over a period of months.

Furans
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Report #

Sample 

Date

Top Oil 

Temp °C

Hydrogen 

(H2)

Oxygen 

(O2)

Nitrogen 

(N2)

Methane 

(CH4)

Carbon 

Monox. 

(CO)

Ethane 

(C2H6)

Carbon 

Dioxide 

(CO2)

Ethylene 

(C2H4)

Acetylene 

(C2H2) Total Gas

COMB 

GAS

EST TCG 

%

C2H4/ 

C2H2

Comb Gas 

Rate

ppm/day

122357 10/15/2012 24 58 339 68100 3.0 35 15 143 9.3 18 68720 138 0.20 0.52 0.33

113052 05/10/2012 25 45 524 65700 0.6 33 7.0 116 0 0 66426 86 0.16 0.00 0.00

106288 08/16/2011 25 46 72 64700 0.7 30 8.8 116 0 0 64974 86 0.16 0.00 0.06

95180 02/03/2010 20 26 3060 63400 0 21 5.3 104 0 0 66616 52 0.10 0.00 0.06

91504 07/13/2009 35 18 2490 60900 0 17 4.4 104 0 0 63533 39 0.07 0.00

Dissolved Gas Analysis    The dissolved gas analysis is run in accordance with ASTM D 3612 and IEC 60567.  Values are reported in ppm vol/vol at STP and calibrated with gas-in-oil standards. 

Values before August 15, 2002 are reported at NTP and calibrated with gas standards.

INVESTIGATE Arcing in oil. Condition is severe.

DGA Fault Example (Ester Fluid)
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DGA Fault Example (LTC)


	Slide 1: Dissolved Gas Analysis (DGA)
	Slide 2: Agenda
	Slide 3: Background
	Slide 4: Background
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

