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Principle of multi-component gas measuring device

Fig. 1
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Table 1 Absorption lines of characteristic gases
Ak W 1% 28 / nm i /(em » mol ™)
CO; 1579.57 1.51 X102
CO 1579.74 1.48X 102
CH, 1653.72 1.34X10 2
C,Hy 1626.8 6. 47 X102
C; Hg 1653.32 1.436X10°%
C. H, 1530. 37 1. 239X 1020

W AR OE AR RIS E Y 1~2 nm. REEHE 54
FERE I . CO Fil CO, MM UG 4 #A I 0. 17 nm, CH,
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Fig. 2 The amplitude of the second harmonic

of the characteristic gas
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The fitting curve of the peak and valley value of the second harmonic signal

Fig. 3

of the characteristic gas and the corresponding coocentration
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Table 2 Characteristic gas real-time detection data and control data

g5 SEEA 1/ (L e L) LB 2/ (ul e L) SR 3/ (pl e LD
TDLAS EREN R TDLAS R REN B2 TDLAS RN iR
CcO 410. 85 411.33 —0.48 409. 22 407. 50 1.72 454. 86 455. 60 —0.74
CO; 428. 89 447. 55 —18. 66 165. 16 478.70  —13.54 490. 00 479. 00 11. 00
CH,4 5.92 7.01 —1.09 8. 45 8. 40 0. 05 5. 70 5. 40 0. 30
C:Hy 1. 14 1.93 —0.79 1. 09 1. 00 0.09 1. 16 1. 10 0. 06
Co H, 30. 86 36. 60 —5.74 52. 46 49. 30 3.16 34.43 35.90 —1.47
Cy, Hg 12.62 16. 37 —3.75 13. 20 11. 30 1. 90 10. 70 9. 20 1. 50

Fig. 4 Transformer oil characteristic gas detection devices
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Fig. 5 Real-time monitoring data of

multi-component gases
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A Near-Infrared TDLAS Online Detection Device for Dissolved Gas in
Transformer Qil

CHEN Yang, DAI Jing-min* , WANG Zhen-tao, YANG Zong-ju

School of Instrumental Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

Abstract Transformer insulating oil uses paraffin (C,H,,:,) as the main chemical component. Due to electric arc, discharge,
overheating, moisture, etc. , the chemical bonds are broken, and characteristic gases (methane, ethane, ethylene, acetylene,
carbon dioxide, carbon monoxide) are generated during the long-term operation of the transformer. Therefore, Multi-component
gas will be dissolved in transformer insulating oil, so an online detection device for multi-component gas is needed to ensure the
normal operation of the transformer. According to the assembly requirements of the power industry, this paper conducts an
online detection device of 6 types of fault characteristic gases based on near-infrared tunable diode laser absorption spectroscopy
(TDLAS). Based on the near-infrared absorption bands of 6 types of fault characteristic gases, the device selects four near-
infrared lasers at 1 580, 1 654, 1 626 and 1 530 nm respectively. It uses the time-division multiplexing technology of time-
sharing scanning to achieve fast time-sharing of multi-component gases Sequentially detect and adopt wavelength modulation
technology to eliminate the cross-interference of the background gas. The designed near-infrared TDALS multi-component gas
detection device mainly detects methane (CH,), ethane (C,H;), ethylene (C,H,), acetylene (C, H,), carbon monoxide (CO)
and carbon dioxide (CQ,). The developed experimental device is verified with the traditional transformer oil dissolved gas
method (transformer oil meteorological chromatographic measurement method), and the working condition stability test is

1

carried out. The measurement range of acetylene concentration is 0. 5~1 000 pL « L™'. When the range is less than 5 yL « L',

the maximum measurement error is less than 0. 8 uL « L', When the range is 5~1 000 L « L™", the maximum error is below

', the maximum

6 L+ L7'; the concentration measurement range of methane, ethane, and ethylene is 0.5~1 000 pL + L~
measurement error is less than 6 ppm; The measurement ranges of CO and O, are 25~5 000 and 25~15 000 L « L™", and their
maximum measurement errors are below 2 and 20 pL + L™' respectively. The designed near-infrared TDALS multi-component
gas detection device can be used for online detection of dissolved gases in transformer oil, and the measurement meets the
requirements of online detection. It can operate stably and adapt to harsh working conditions. The successful design of this on-

line detection device provides practical experience for on-line measurement of dissolved gases in the detection of transformer oil.
Keywords TDILAS; Near infrared spectroscopy; Fault gases detection; Multi-component gas detection
(Received Nov. 2, 2020; accepted Mar. 8, 2021)
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