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ABSTRACT 

The analysis of dissolved gases in power transformer oils is an efficient diagnostic tool for routine performance monitoring of power 
transformers. A static headspace gas chromatographic method has been developed to automate the analysis. The parametric study 
showed that initial equilibration time is about 200 min at 70°C and set the sample volume to 15 ml of oil. Distribution coefficient values 
were determined under these optimized headspace conditions, avoiding the need of subsequent calibration from oil standards. The 
precision of the method was better than 5% and detection limits for hydrogen, carbon monoxide and methane, carbon dioxide, and 
hydrocarbons were 7, 10, 5 and 1 ppm (v/v), respectively. The response is linear over 3 decades up to 1000 ppm. A comparison study 
between the headspace and the currently used ASTM D3612 method using on-line transformer oil samples showed a good agreement. 
The headspace method permits an increased number of analysis per day, as much as four times, compared to the ASTM method. 

INTRODUCTION 

Analysis of dissolved gases in power transformer 
oils is widely performed by public utilities world- 
wide for routine performance monitoring. The pres- 
ence of faults such as arcing, local overheating and 
partial discharges in the equipment always results in 
the chemical decomposition of the insulating mate- 
rials, which are composed of mineral oil and cellu- 
lose [l]. The main degradation products are gases 
(HZ, CO, COZ, CH4, CZHZ, CZH~, CZH~ and 
C3H8) which partially or totally dissolve in the in- 
sulating oil. Other gases, such as O2 and N2 along 

with CO*, are also dissolved by contact of ambient 
air with a limited surface of oil inside the oil expan- 
sion chamber of conservator-type transformers. A 
normally operating transformer may contain as 
much as 10% (v/v) dissolved gas, consisting mostly 
of air as well as fault gases at concentration up to 
100 ppm (v/v)*. Since correlations between the na- 
ture and proportion of the gases and the types of 
faults have been established, it is possible to diag- 
nose the presence of faults at an early stage and take 
corrective actions before they lead to unexpected 
failure of the unit [1,2]. Dissolved gas analysis 
(DGA) is thus an efficient diagnostic tool that cuts 
costs and improves service reliability. 

* Corresponding author. Various approaches exist for DGA in transfor- 
* All the concentrations are given in ppm (v/v). mer oils and differ mainly through the gas extrac- 
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a regular day shift. The major drawback of this 
method is the long initial equilibration time (200 
min) necessary before the chromatographic analy- 
sis. However, once the batch of vials is at equilib- 
rium, the time elapsed between two successive anal- 
yses will depend only on the length of the chromato- 
graphic run which is approximately 35 min. 

ACKNOWLEDGEMENTS 

The authors would like to thank Hydro-Qut- 
bet’s Direction Appareillage for funding this pro- 
ject. We wish to express our thanks to Michel Pilon 
of Laboratoire Jeanne D’Arc d’Hydro-Quebec for 
his cooperation. We are grateful to the Fonds 
FCAR of Quebec for a Graduate Fellowship 
awarded to Y. L. 

193 

REFERENCES 

1 

2 

3 
4 

J. Galand. M. Thibault, F. Viale, J. Samat and P. Vuarchex, 
Rev. Gen. Elect., 81 (1972) 727. 
M. Duval, F. Langdeau, G. Btlanger and P. Gervais, Min- 
utes of the 55th International Conference of Doble Clients, 
Doble Engineering Co., Watertown, MA, 1988, Section IO- 
7.1. 
M. Duval, IEEE Electr. Insul. Msg., 5 (1989) 22. 

Annual Book of ASTM Standards, American Society for 
Testing and Materials, Philadelphia, PA, 1988, method 
D3612. 
Publication 567, International Electrotechnical Commission, 
Geneva, 1977. 
D. J. Fisher, US Pat., 4 587 834 (1986). 

S. J. Ferrito, IEEE Trans. Power Delivery, 5 (1990) 220. 

M. Duval and Y. Giguere, Minutes of the 51~1 International 
Conference of Doble Clients, Doble Engineering Co., Water- 
town, MA, 1984, Section 10-l. 
Annual Book of ASTM Standards, American Society for 
Testing and Materials, Philadelphia, PA, 1988, method 
D2779. 
P. J. Burton, M. Carballeira, M. Duval, C. W. Fuller, J. 
Graham, J. A de Pablo, J. Samat and E. Spicar, Conference 
fnternationale des Grands Resaux Electriques a Haute Ten- 

sion, CIGRE, Paris, 1988, Paper 15-08. 
B. Ioffe and A. G. Vitenberg, Head-Space Analysis Methods 

in Gas Chromatography, Wiley, Toronto, 1982, Ch. 1. 


