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Dissolved gas analysis (DGA) has an essential role to transformer status. A gas sensor is fabricated for DGA
by using the developed one-dimensional polycrystalline SnO; fiber material. On basis of this, a portable
gas chromatographic device (PGCD) is developed for DGA. A wavelet-genetic algorithm (GA) threshold
denoising method is proposed for noise reduction and applied to chromatogram to detect the weak
peaks of the PGCD for latent transformer faults. Then, an improved filter matching method based on gray
incidence degrees for peaks detection is presented to overcome the limitations of the derivative method.
Results indicate that the proposed signal processing method demonstrates competitive performance,
thereby providing a favorable foundation for quantitative analysis. Tests were conducted to measure the
repeatability and accuracy of the developed polycrystalline SnO, sensor and PGCD. Comparison with the
commonly used flame ionization detector is performed, and the effectiveness of the developed sensor
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and the corresponding PGCD are verified.
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1. Introduction

The condition-based maintenance of power transformer
inevitably replaces conventional regular overhauling given the
development of smart grid construction and substation automa-
tion [1,2]. DGA remains to be the easiest and most effective method
for examining latent faults of oil-immersed power transformers
[3-5]. At present, transformer online monitors based on the gas
sensor are applied widely to avoid transformer failure [6,7]. How-
ever, the effectiveness of the monitor is determined by the accuracy,
minimum detection limit, cross-sensitivity, and the corresponding
signal processing technologies of the gas sensor. Cross-sensitivity
is an issue that must be considered because feature gases involve
mixtures, such as Hy, CO, CHg, C;Hy4, CoH5, and CyHg.

Various gas sensors have been applied to DGA but with certain
limitations. For example, thermal conductivity sensor [8] shows
low sensitivity to hydrocarbon gas and requires helium, which is
high cost, to be the carrier gas; flame ionization detector (FID) [9]
performs well on minimum detection limit but is only suitable for
laboratory applications because hydrogen is required. The photoa-
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coustic spectroscopy sensor [ 10] does not require carrier gas and is
free from mixed gas separation. However, its accuracy and stability
are difficult to ensure because it could be easily disturbed by the
electromagnetic environment of the substation.

To overcome the limitations of these sensors, continuous efforts
on gas sensors have been exerted to enhance safety and reliability
of oil-immersed transformer. For example, Zhou et al. [11] studied
the CH4 sensing properties of ZnO sensor; Lu et al. [12] studied the
nickel-doped carbon nanometer tube sensor, whose gas-sensing
properties on C;H;, CoHy, and C;Hg were investigated. These stud-
ies mainly concentrated on one or several key characteristic gases,
suchas CH4 or C3H,, C;Hy, and CoHg, whereas cross-sensitivity [13],
which is essential for detecting mixed gases, are disregarded. At
least five gases, such as Hy, CHy, C;Hy, C3Hg, and CoHy, are required
for the fault diagnosis of a transformer [14,15], and cross-sensitivity
should be considered. Fan et al. [16] developed an online trans-
former monitoring system with a six-component gas detector to
address this issue. This system utilizes gas chromatography (GC)
combined with a commercial SnO, sensor and proposes a mathe-
matical model for qualification.

Performance can be improved because the commercial SnO,
sensor that is used in [16] is not designed for a special DGA applica-
tion; thus, a gas sensor based on polycrystalline SnO; fiber material
with a large surface-to-volume ratio is developed in this study.
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Fig. 1. Polycrystalline SnO, characterization images.
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(a)Schematic of Polycrystalline SnO; sensor its corresponding package.
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Fig. 2. Detector and circuit of the PGCD.
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