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Research on method of portable NDIR SF, gas detection
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Abstract:In order to satisfy the actual need of accurate measurement of SF; gas concentration in
the electrical system, a portable SF; gas sensor was designed based on non-dispersive infrared
(NDIR) differential detection principle, which adopted the single-beam and dual-wavelength op-
tical structure. In order to improve the compactness and sensitivity of the system, the optical
simulations of the straight and trapezoidal reflective gas chambers were carried out, and the gas
chamber type was finally determined. As for designing hardware circuit, a small signal amplifi-
cation filter circuit was designed to effectively extract the useful signal from the noise. The sen-
sor uses the high precision and performance analog-to-digital converters to convert analog elec-
trical signals into digital signals into single chip processor, which greatly improves the detection
accuracy. The experimental results show the sensor can accurately measure the SF; concentra-
tion in a range of 0~2X10"*, with the full range accuracy up to 4. 2%.
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Fig. 1 Schematic diagram of single-beam dual-wavelength
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Fig. 2 Ray tracing of straight gas chamber
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Fig. 3 Scattering body diagram of straight gas chamber
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Fig. 4 Ray tracing of trapezoidal reflective gas chamber
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Fig. 5 Scattering body diagram of trapezoidal reflective

gas chamber
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Fig. 6 Signal conditioning circuit diagram
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Fig. 7 Measured waveform of amplitude-frequency

characteristics of circuit
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Fig. 8 Light source drive circuit
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Table 1 Experimental data of SF,; gas concentration calibration

SF; WeBE/X107° MEHE/V  ZHHEE/V |SF WE/ X100 WlEBE/V  SHHEE/V
0 2.295 14 2.159 44 1250 1.943 87 2.164 94
355 2.139 03 2.163 33 1350 1.934 46 2.160 86
500 2.054 87 2.162 83 1565 1.918 22 2.160 41
590 2.049 22 2.165 75 1670 1.907 52 2.160 18
865 2.000 32 2.165 75 1785 1.902 12 2.164 52
890 1.983 51 2.163 14 1995 1.882 46 2.161 57
1000 1. 966 49 2.160 75 2 080 1.875 19 2.165 33
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Fig. 9 Fitting curve of SF; concentration and voltage ratio
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Table 2 Measured data of SF, gas concentration

bR e S AR B/ X 10° 0 300 500
ST A R EE/ X106 21 375 564
iR RiE = 21 75 64

T R R 2 (FS) 1.05%  3.75% 3.2%
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884 1064 1235 1 540 1823
84 64 35 40 23
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