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Abstract: Using the main absorption peak of methane molecule at the wavelength of 3.3 pm, an infrared
methane sensor based on non-dispersed infrared spectroscopy was developed. The optical part of the
sensor consists of a measuring LED with a peak wavelength of 3.3 pm, a reference LED with a peak
wavelength of 2.7 pm, a photodiode with a cutoff wavelength of 3.6 um and a spherical emitting surface.
The circuit part mainly includes LED driving circuit, photosensitive signal processing circuit, temperature
measuring circuit and microprocessor. The short pulse power supply control logic mode is adopted to
reduce the power on time of the infrared light source, and the power consumption of the optical
measuring device is reduced to 16 mW. The influence of temperature change on the measurement results
of methane was studied experimentally, through data analysis and linear fitting, the temperature

compensation algorithm formula was obtained. The experimental results of the sensor with compensation
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and detection system platform show that the average power consumption of the sensor is 23.56 mW, the
influence of temperature change in the temperature range of —20~50°C on the measured value is not
more than 3% of the true value, humidity influence detection value is less than 4% , the response time is
less than 25 s, the working stability time is more than 60 days, and the performance indexes meet or are
better than the relevant requirements of AQ6211-2008 coal mine non-dispersive infrared methane
transducer. Compared with the methane sensor based on the principle of thermal radiation infrared light
source or laser detection, the power consumption of the infrared methane sensor based on double narrow-
band LED is reduced by more than 70% ., which can meet the technical requirements of low power
consumption in portable and wireless applications.

Key words: Gas sensor; Infrared absorption; Narrowband spectrum; LED light source; Short pulse
power supply; Temperature compensation; Methane measurement
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Fig.2 Principle block diagram of infrared methane sensor system
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Table 1 Measurement value of infrared methane sensor under standard gas concentration in the temperature range of —20~50C

Temperature/C Concentration measurement  Concentration measurement Concentration measurement
at 0.51% VOL/(%VOL) at 1.99% VOL/(% VOL) at 20.2% VOL/ (% VOL)
—20 0.66 2.46 24.3
—10 0.62 2.37 23.4
0 0.58 2.25 22.4
10 0.55 2.14 21.2
20 0.53 1.99 19.8
30 0.51 1.93 18.9
40 0.49 1.87 18.2
50 0.47 1.81 17.6

HH % 1 A0 7E —20~50°C A I 2 T8 FEl N L 305 32 A28 T ) 4% T i 0 ek 235 SR 55 i e R L ) e {5 I S A
ZC At 20% kit AQ6211-2008 M HI AR A HL LT Ab H ot A% B AR AT Mk A v v 6 T AR IR 25 N i L
{ELIY 6 %6 ORI AE R IG5 200 A7 30 A 2.

R FAGAL R Y IR G R E NI 6.8 kQ BVELH B, 2k AL H R A/D SR EE R T
AL A5 B 0 TR LK 26 1 P BE LA 20°C I Sk 5 HE Ol SR vEEAT A — R AR BE L 15 3] 0.51 % VOL . 1.99 %
VOL.20.2% VOL = Zbr U BE /b2 2 8 e ik, sl 7.

125}
L \ —=— 0.51%VOL

—e— 1.99%VOL

~ 1I5F \ 20.2%VOL
= =Y
< - S
£ 105t \\
kS \'
095 RS
§ \"‘%.
&
0.85 —— : : :
—30 —10 10 30 50
Temperature/C

W7 RE AR S &
Fig.7 Curve of temperature compensation coefficient
SRy T I Tk B 7R A ) A% SRR I i 2 SR S 5 I R EAME A K, KRB
C=C"/e D
A, C il BEAMEE 5 1 T e vk BE AR C7 R R G TR B AMEE R W BB e R TR T 09— IR R M eR B0 X 1B 7 R
M2k FEATLAMELA A RIS KRN
e=—0.0049T,+1.1298 (5)

FR A 2 (4D 1 (5) 58 WA PR T 5 12 G R 5 B P e O 6 45 238 ) T B2 A8 1, 4 1 A% SR AR TE AN [R) PR 55 4%
FFT ) O
32 XWHHh

R UE XU A LED SGIRZLAN e 4% S a8 50t A0 i) A7 1 B T B8 #E2 s FR e A I 4R L AR 1 20 A0 W Be 1
SRASAEAE BN T T 2R A% B VR S BT A 1 R e A I R G2 5 LR AR HLAF 5 BR - 18T 8 B
2L AN AL AR I RSE A @20 mm X 16.8 mm.

H i A T 2R AL BT O B e A DU R 1 U TT R B I AR 2= 0 100 mW L BT 8 B Kl &R 4t
V-6 2D e AR AR SR T 3.3V E A L SIS R R 7,14 mAL SR LED DG IR 19 2150 B b 1% 12 i
PR DR 23.56 mW , HAT 1 3 AR D AR TR R O F.

TE—20~50°C A il JBE 305 Fl P9 0 12 S8 D0 AT il J3E 52 e S 56, AT S 96 50040 20 A ek B AN I i R 22 N
B ELE Y 300 . i BEAMEE T OR 1B

0628002- 6



BRI < T A LED o6 I ¥ 21 41 F g % %8 1) T ol

(a) Infrared methane sensor (b) Methane detection system platform

B8 “iFiEthERRIRALTE LN

Fig.8 Physical figure of infrared methane sensor and detection system platform
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Table 2 Measured value of infrared methane sensor under the standard gas concentration in the humidity range of 25% ~ 95%RH

Humidity/ %RH  No methane in the air/( % VOL) Concentration measurement Concentration measurement
at 0.51% VOL/(% VOL) at 1.99 % VOL/(% VOL)
25 0.00 0.53 1.98
45 0.00 0.53 1.99
70 0.01 0.55 2.03
95 0.02 0.56 2.07
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Table 3 Basic performance parameters of sensor

Parameters Value
Working voltage (DC)/V 3.0~3.6

Average current/mA <10
Measuring range/ (% VOL) 0~100

+0.06/(0~1.00%)
+£6% /(1.00%~100%)
Response time/s <25
Working stability/day >60

Indicationerror
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