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A Methane Gas Sensor with Optic Fiber Based on Frequency
Harmonic Detection Technique
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2. Institute of Electrical Engineering, Yanshan University,Qinhuangdao 066004,China)

Abstract: Methane is an inflammable and explosive gas and a major constituent of mine atmospheres, natural gas and gas fuels.
Becuse gas explosion is a big problem in mining industry,real-time and on-line detection of methane has a critical function both
for safety assessment and for control of combustion processes. Based on the mechanism near infrared spectral function both for
safety assessment and for control of combustion processes. Based on the mechanism of near infrared spectral absorption of
methane, a system using absorbent type optic-fiber for high sensitivity methane detection with DFB LD is demonstrated. Light
source modulation harmonic measurement is presented in this paper. The ratio of the fundamental and second-harmonic signal
presented can be used for eliminating optical interference. The mathematical model of gas concentration harmonic measurement
is built up. The result of methane concentration is also shown. Optical fiber is used as transmission medium, thus the sensor part
and measurement circuit can be isolated completely. The safety of the system is inhanced.
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Fig. 1 Structure of gas chamber

A, aABERUREIEE—FRE 4
MRELER; LERUBEHKE; CRIERE.
WMROEFE S AW REZ/ DT IERRLTR B
X 6 IR 69 3 A BB AT IE X VA R S IR R A ok

SR H0.4% 3% B AH R A -
v=y,+v.sinwt 2)
I1,(t)=1I,{1+7sinwt] (3)

Kb, v ARFEREGAB B P OEE; v, AAE
VAREBE:; 7 WERAR R 0=22f,/ HBRA
wEE, HORXAMGORXRADKNE .
I(t)=1,(147psinwt)exp[ —a(yy+v,sinwt)CL]
(4)
TENT LA B B, AR B R BUR 3UAR /N  T R « ().
CL1, 58 B¢ ¥ ) 48 B . AR/, B 7<1, X BEBL AT LA
BRAEMAR:

exp[—e(W)CL]=1—a(W)CL (5)
3+ B ] LU B W B /NI

gsinwt X a(vy+v,sinwt )CL (6)
Xat 1) a Rl h

I1)=1I,[1+psinwt—a(vy+v,sinw)CL] 7)

SAEE A HEE 1 MR ERSES, 450k ¥ 59 8l
EmEREEE/EM, BILa LA Lorentz ] £k # iR
CH, 5+ By R BUE LA .
&
14 (552
K, o RAAKEKEREL P OLHREREGY, M
Sv 43 H Xt B LA R L R AR MR B, F R (D)
=

I1(e)=1,[1+7psinwt—

a(v)= (8

a,CL
1+ (u,,—-ug—{(;:,,,smwt)z
LT LB KB 8 E SRR g bat,

Vo= gvm'J

J®

. a,CL
I(t)ZIOEI—f—T]Slnwt—l—_*_Im] (10)

BN x=x,/0v, % (10X RIF RHELHREIFH, E
B — KR (OMZKIFE CHRHRYS A
I;=1s an

szz_kaocLI() (12)

A,
o[22+ xt—201+2)Y]
k= 1.2(1_*_1.2)1/2 (13)

M_REEM—KREENLERTHE L T XHEH
HAeERREHBWETUHREBRE N FEHRTRK
FHE. HEEN

ll—szz—z—:aoCL (14

AT DL 38 R B KU I T LA R SRR
BE. —KiFESBRFEHBRERAFGIE. EE XD
ERFRENTFHE, SKEKELX. A_KE
BEM—KIEE M EENRENE L, o7 LIHBR LR
ESEERE E0REEEARBAERENTR
KBTI BRI EFMRAE TR R &
EREABBRE.FEEMTLUHEBRERRERELR
FHE&RTH . FEAAERMNRAEE. ML
PSR IR BRI .

2 RiFEHIERE

KB EFECELTILA Tl . 80 R0 REE
SEMRBGERFEEY S BENFERTFRSEAH
I 1R FE BT AR Y .

HesnFRAELANEXRRS): »,=2913.0 cm™,
v, =1533. 3 cm™!, v;=23018. 9 cm 'l v,=1305.9
cm ' XF A B I 4 B4 3. 433 pm, 6. 522 pm, 3.
312 pm 7. 658 pm. XEFEFKLTFAEEXRGHR
BERE EEMEASHTERESNS,FLEME
BHERABRASFE FUAETZMNA TR
B, BAESEEZIRE v, MASHEHvw+2v, HEK
35 %1.6 pm 1.3 pm, H FREGE RS ILAH
X, —BAFRSEFEHHRE_BRENHERER 20~
100 nm, BB S HERBHILTHZ—, ok
FXEMELAEN HENREERE, FEEH
R T Y R B S /N T B AR R it A R R LA ROk
FSHAORS, TUEREHEEKKR L 331 pm £
DEF LD fENXH . Bl 3 pm WEMHASH
EEWE2 .

"R, BAESKTEL 331 pm AbF HBETR B9,
HHEMSENZEABRMKESFELLTYH R
B S 7 A B AL 1R R) R

AR B LFEHER(DFBLD)E—# A
FNEAMAWANAER R EFFENLARBE



* 46 ¢ R FIX%¥  2004,25(2)

IHE. S -HETHERBERC LT PRIBEBR

B, AXAXERBREER A sHhEREHR APC
MASBEENATOHEAR, FRINERRER
WA e B, 3 BOA & 2206 . AR Ao sh i R =
THEFR BHERE AA<<1Inom, BHXIER=>
1 mW, 85 E B (dB/15min) fl s & & (dB/

1

i F

0.5 1 ) Loaasa 1 oo o laa oo

O35 L L5 L3 L3S
¥k (um)

2 BRSEZEL 3 pm B 00 BRI
Fig. 2 The absorption spectrum of methane at 1. 3 um
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Fig.3 The principle diagram of light sourece
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Fig. 4 Schematic diagram of the system of harmenic
detedion for methane
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Fig. 5 The signal variation before and affer injecting

mathane into the gas chamber

15

b
%10
: /
!5 V4
0

0 5 0 15 20 25
EIREL (%)
B6 RHESEREms

Fig. 6 Curve of methane concentration versus signal amplitude
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