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Dissolved gas analysis in oil-immersed electrical equipment based on photoacoustic spectroscopy

MAO Zhixin, WEN Jinyu
(School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Photoacoustic spectroscopy (PAS) has the advantages of high precision, wide detection range, no consumption
of measured gas and carrier gas. It can be applied to online monitoring dissolved gas in oil for oil immersed electrical
equipment. This paper analyzes the generation mechanism of gas photoacoustic signal and the spectral characteristics of
dissolved gases in insulation oil. An experimental gas detection platform is devised by coupling dynamic headspace
degassing with photoacoustic spectroscopy. This platform is tested with standard gas samples and standard oil sample for
repeatability and accuracy tests, and an oil sample is collected from a transformer in practical operation, and the results
are compared with those of a laboratory gas chromatograph (GC) system. The results meet or exceed the standards for
online detection of dissolved gas in power system. Consequently, the proposed technique effectively detects dissolved gas
in oil for oil-immersed electric equipment.

Key words: oil-immersed electrical equipment; dissolved gas analysis; online monitoring; photoacoustic spectroscopy;
dynamic headspace degassing; accuracy
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Fig. 1 Gas photoacoustic spectroscopy system
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Fig. 2 Infrared spectra of air
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Fig. 3 Infrared spectra of gas dissolved in oil
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Fig. 4 Schematic diagram of experimental for
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Table 2 Result of mixed gas sample analysis

. LA/ Je G E/PPM e/
PPM JET MR WE3 %
co 5.0 5.1 47 49 49 -2
Co, 5.0 52 5.1 5.0 5.1 2
CH,4 5.0 48 49 46 48  -467
CoHy 5.0 5.1 5.0 5.1 5.1 133
CoHe 5.0 46 49 47 47 =533
CoH, 5.0 49 5.0 49 49  -133
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Table 3 Standard gas-in-oil sample

Ak I3 )% /PPM TR E/PPM AR /PPM
co 179 50.4 264.1
Co, 577.1 995.8 3307
CH,4 3.0 203 75.6
CoHy 2.6 25.0 75.6
CoHe 3.1 29.1 79.6
CoH, 25 20.1 69.4
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Table 4 Low concentration gas-in-oil result
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Table 5 Medium concentration gas-in-oil result

=L SR G /PPM W &

AEOWE R e e R R % &

PPM 1 2 3 4 5 % {3

CcO 50.4 48.8 50.8 50.3 50.8 58.8 29 76
CO, 995.8 9262 948.1 9384 927.8 9392 -6 1

CHy 20.3 21.6 224 223 222 22.1 9.1 1.4
CyHy 25.0 233 24.6 242 242 246 33 22
CyHg 29.1 25.7 26.9 26.4 26.5 260 97 1.8

CyH, 20.1 19.4 204 204 20.8 20.7 14 27
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Table 6 High concentration gas-in-oil result

[SE) S G i /PPM W E
AR REY O g e g e e E 8
PPM 1 2 3 4 5 % {3

CcO 264.1 2732 2760 289.5 2841 2884 69 2.6
CO, 3307 3082 3420 3568 3674 3616 5 68
CHy 75.6 69.9 81.4 84.3 88.2 86.6 86 89
CyHy 75.6 69.3 749 718 80.8 79.3 1 59
CyHg 79.6 72.8 77.6 80.7 84.2 821 -0.1 5.6

CyH, 69.4 61.7 68.3 71.0 73.6 723 -0.1 6.8

[SE) SR G i /PPM W &
Ak kB R R wiE e e x "
PPM 1 2 3 4 5 % {3

CcO 17.9 17.8 17.9 17.9 20.5 19.7 4.7 6.8
CO, 577.1 5578 5519 537.8 581.6 5704 -3 3.0
CHy 3.0 32 32 2.6 2.9 3.1 06 85
CyHy 2.6 2.5 2.6 2.5 2.5 2.6 -08 22
CyHg 3.1 2.8 3.1 3.1 3.0 3.1 -39 43

CyH, 2.5 2.5 24 2.5 2.7 2.9 33 717
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Table 7 Result of gas-in-oil samples from field transformer

GC Je G E/PPM . 1

R
AR Y R R R R R y %/
PPM 1 2 3 4 5 A %

CcO 2.1 1.8 1.8 1.7 1.7 1.9 -02 -95

CO, 3205 3000 3394 3128 3181 3173 -32 ~-1.0
CHy 0.9 1.2 1.3 1.1 1.3 1.1 02 222
CyHy 1.9 2.1 2.2 2.2 2.1 2.1 0.2 10.5
CyHg 3.7 4.3 4.3 4.4 3.8 3.9 0.2 5.4

CyH, 0.5 0.8 0.7 0.8 0.7 0.7 02 400
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Table 8 Result of gas-in-oil samples from field transformer

Ge 75 W /PP L

LR
R MR W WE MR MR WE %
PPM 1 2 3 4 5 A %

CcO 125 1289 1281 1303 1299 126 36 29
CO, 721 715 708 714 714 711 8.6 -1.2
CHy 6.5 7.1 6.7 6.6 7.2 6.7 04 55
CyHy 0.94 1 1.2 1.1 1.1 1 0.1 15
CyHg 1.34 1.5 1.8 1.6 1.2 1.7 0.2 16

CyH, 0.6 0.6 0.6 0.5 0.5 0.7 0 3
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