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Fig. 1 Structural sketch of Raman spectroscopy

detection experimental platform
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Fig. 2 Raman spectrograms of seven mixed

characteristic gases
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Table 1 Raman simulation results of CH; and C, Hq
5 F 4R TR 245 /em ! R/ (A4« AMU™D)
1413.56 3.024 3
1624.74 32.033 5
CH,4
3 111.33 110.172 5
3 284.47 19.679 6
1 049.43 9.338 4
1 270. 65 3.553 8
1491.79 6.635 7
C, Hg
1 568. 64 38.243 3
3 111.29 188.651 6
3 187.77 120. 104 7
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Table 2 Configuration table of methane and ethane

e 15 & 4k / MPa L KE it/ MPa
1 0.05 0.05
2 0.1 0.05
3 0.15 0.05
4 0.2 0.05
5 0.25 0.05
6 0.13 0.05
7 0.13 0.1
8 0.13 0.15
9 0.13 0.2
10 0.13 0.25
11 0.05 0.08
12 0.1 0.08
13 0.15 0.08
14 0.2 0.08
15 0. 25 0.08
16 0.13 0
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Fig. 4 Raman Spectra of CH, and C, H,
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Fig. 6 Raman spectra of pretreated mixed gas samples
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Table 3 Gauss peak separation fitting characteristic parameters of mixed spectrum
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1 41 478.1 4 459.5 7.778 3 83 340.9 22785.2  3.496 87 36 368.9 6 319.1 5. 441 77 7642.3 1635.9 3.320 8
2 47 881.8 4 943.2 7.964 36 147 301.8 40 069.8  3.54019 44 475.3 7 506.7 5.646 55 13 432.5 2552.4 3.839 28
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Table 4 Explained variance ratio of potential factors
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ff[;_i X g2 21w Yy /%EéiJrH"J‘Y ke
X 5% (R g R?
0 0.419 0.419 0.471 0.471 0.436
12 0.378 0.797 0. 467 0.938 0.929
t3 0.120 0.917 0.017 0. 955 0. 944
ty 0.047 0. 964 0.025 0. 980 0.973
is 0.029 0.993 0. 004 0.983 0.975
Lg 0. 004 0.997 0.012 0. 996 0.993
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Table 5 Regression equation parameters

FZ CH, C2H;
T —0.004 —0. 001
S, —9.956%10¢ —3.233%x10°7
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Al —1.923%1077 2. 363X 1070
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A 6. 083X 10 —1.153% 106
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Table 6 Comparison of test results

Ak FL YA/ MPa S {E / MPa M5 22 / MP
0. 05 0. 052 0. 002
0. 10 0. 095 —0. 005

A g 0.15 0.147 —0.003
0. 20 0.199 —0.001
0.25 0.253 0.003
0.05 0. 048 —0.002
0.08 0. 081 0. 001

N 0.10 0.097 —0.003
0.15 0.152 0. 002
0. 20 0. 200 0
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Quantitative Analysis of Dissolved Gases in Transformer Oil Based on
Multi-Parameter
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Abstract The rapid and accurate detection of characteristic gases(H, , CO, CO,, CH,, C;H,, C,H;, C, H,) in oil is an impor-
tant part of transformer on-line monitoring. Laser Raman spectroscopy is suitable for the detection of characteristic gases and can
overcome many shortcomings of traditional on-line monitoring. When the characteristic gas in transformer oil is detected, the
characteristic peaks of methane (CH,) and ethane (C, H;) gather in the Raman spectrum from 2 900 to 3 300 em ™ '. It is of
great significance to study the mixed gases samples with different content ratios in this spectrum for the quantitative analysis of
mixed gases in transformer oil. Based on the research of Raman spectroscopy detection of single characteristic gas, the spectral
peak height, full-width at half-maximum and spectral peak area parameters of the characteristic peaks in the pretreated spectrum
are selected as the characteristic factors to quantitatively analyze the mixed gas in the transformer oil. According to the second-
order perturbation theory, there are four characteristic peaks in the methane Raman spectrum, and the selected spectrum con-
tains two peaks with 3 111 and 3 284 cm ' as the Raman shift center. Six characteristic peaks exist in the Raman spectra of eth-

"in the selected spectral bands. In theory, the amount of both gases can be

ane, and there are two peaks of 3 111 and 3 187 cm ™
calculated by the information of the characteristic peak carried in the spectrum bands. Through the detection of Raman spectros-
copy platform, the characteristic peaks of the mixed gas spectrum will produce translation and polymerization. In practice, four
peaks with shifts center of 1 902, 2 918, 2 956 and 3 022 cm ' were found in the spectrum. A Gaussian function model was es-
tablished for the four mixed peaks, and the spectral peak height, full-width at half-maximum and spectral peak area of the char-
acteristic peak was obtained. A partial least squares regression model (PLS) was established. The spectral peak height, full-
width at half-maximum and spectral peak area were taken as independent variables, and the two gas contents were taken as de-
pendent variables for calculation and analysis. When the potential factor of the model is taken to z;, the adjusted R-square is
0. 993, indicating that the independent variable has a definite relationship with the dependent variable, and the regression model
is reliable. The analysis of regression equation parameters shows that the full-width at half-maximum of spectral peaks contribute
significantly to the area and height of spectral peaks, which is in line with the expected target. Four characteristic spectral peaks
in the spectrum of mixed gases have an effect on both gases. It can be concluded from the experiments that for the methane-eth-
ane mixed gas, at room temperature 25 ‘C, integration time 15 s, integral number 2, slit 100 ym, by obtaining the peak height,
peak area and full-width at half-maximum three parameters, the gas content can be accurately measured, which lays a foundation

for the simultaneous detection of various characteristic gases in transformer oil.
Keywords Raman spectra; Transformer; Characteristic gases; Quantitative analysis; Multi-parameter
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