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ABSTRACT: The detection technology of the ultraviolet spectrum and non dispersive infrared optical charged sensing is
studied, spectral absorption capacity is simulated, and the concentration inversion algorithm is proposed to improve the
effective detection capacity of the instrument. The optical structure suitable on on-line detection of high-voltage equipment is
designed, the on-line analysis of trace decomposition gas composition is realized, and prototype is developed. The optical
noise suppression technology suitable for the field is studied, optical path system is designed to withstand the gas pressure of
high-pressure equipment, and the influence of field vibration and temperature change of high-pressure equipment on the
optical path structure is solved. The judgment threshold of expert diagnosis system is formed to predict the operation state
and fault type of GIS equipment according to the changes of types and contents of SO2, CS2, H2S and CF4. The above
achievements have laid theoretical foundation for realizing the on-line monitoring of insulation status of the SF6 Electrical
equipment, greatly promoted the development and application of ultraviolet spectrum and non-dispersive infrared optical live
sensing detection technology, built theoretical system of the fault diagnosis and condition based maintenance of SF6 gas
insulation equipment, and laid the foundation for SF6 insulation equipment based on trace SO2, CS2. The condition based
maintenance theory and practice of H2S and CF4 gas detection ensure the economic and the reliable operation of SF6 gas
insulation equipment and the safe and stable operation of the whole power grid.

KEY WORD: ultraviolet spectrum; non dispersive infrared optical charged sensing; optical structure; on-line detection of
high-voltage equipment; the optical path structure
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Fig 1. Overall system architecture
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Fig 2. Schematic diagram and physical object of laser
driving board system for second harmonic detection
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Fig 3. Data acquisition interface of the field detection
device
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Fig 4. Photo of optical path cell for experiment
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Fig 5. Ray tracing simulation and design of optical
path cell for experiment
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Table 1. Gas cross interference test data

7 104.3023 104.7443 104.2468

8 104.6393 104.6072 103.9791

9 104.6392 104.989 104.5348

10 104.6615 104.8419 104.6728
Standard

o 0.265046 0.225232 0.302998
deviation

Standard | Instrument | Average | Standard
Gas type o
value value deviation
1123
CO2/SF6 2.5% 0|0|0O0 0 0
CH4/SF6 0.5% 0|0|0 0 0
H2S/SF6 | 500ppm [0 | 0| O 0 0
CO/SF6 1% 0]0]0 0 0
SF6/N2 1% 0|0|0O0 0 0
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Table 2. Experimental data of gas reference module

erimental
inde; Aoty CF Second L
Data indoX First time time Third time
1 104.7712 104.6322 104.5309
2 105.22 104.8738 104.5114
3 104.4987 104.9193 104.7812
4 104.5202 104.746 104.5727
5 104.5247 104.7778 104.3578
6 105.085 104.5257 104.7946
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Fig 6. Second harmonic of gas to be measured under
different pressures
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Fig 7. Harmonic tuning characteristic curve of gas to

be measured at different temperatures
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Table 3. Instrument test results
Standard gas
. (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
concentration(ppm)
20 196 | 196 | 195 | 19.8 | 19.8
30 298 | 305 | 297 |304 | 298
50 49.7 49.5 49.5 49.8 49.6
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Fig 8. Control module circuit and sensitive element
connection PCB board
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Fig9. Acrylic chamber for experiment and
experimental standard gas
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Table 3. Gas molecular composition coefficient

Ventilation Display Full scale
concentration(uL/L) value(uL/L) error(%F.S)
100 106 0.60%
200 204 0.40%
400 411 1.10%
600 614 1.40%
800 811 1.10%
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Fig 10. NDIR sensor physical structure
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Fig 11. Physical diagram of high pressure on-line
detection device of gas to be tested
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Fig 12. Installation position of flange on-line
detection
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