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Design of detecting system for multi-component gases
based on single ultra-narrow-linewidth laser
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Abstract: On the basis of the wavelength scanning and spectrum modulation techniques of an ultra-
narrow-linewidth semiconductor laser, a kind of multi-component gas online detection system with
high precision was designed. A semiconductor laser with ultra-narrow-bandwidth and tunable wave-
length was utilized as a light source and a novel series gas cell was also used to compress the horizontal
space and increase the optical path of the system. By taking the sawtooth signal to modulate the spec-
trum of laser and using space division multiplexing (SDM) and time division multiplexing (TDM)
techniques, the detection of multi-component gases(CO, CO,,CH,) based on ultra-narrow-linewidth
laser characteristics was achieved. The experiments indicate that the relative measurement error is less
than 2% and linearity relevance coefficient is 0. 99 for the three kinds of gases. Furthermore,the sys-
tem dynamic response time is less than 10 s by filling a volume of multi-component gas into the gas cell
gradually. Finally, the result of long time stability monitoring shows that the maximum concentration
fluctuation is less than 0. 02%. The system has advantages of high accuracy, good stability and quick

response, and is suitable for the fault gas monitoring of power transformers in real time.
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Fig. 2 Structure of series gas cell

2.4 EHMSEAKEAR

S £ 1% J8 Hp a5 43 & ] (Space Division Multi-
plexing, SDM) #§ £ 4% JE £F 3k H — S B 45 & i 1)
HMIrl. ARGAMNE D EHEARIH T 34
RIS A o, R G TP 1 B — B AR SRR AR
M AT — A G 8 I O AT
e, BT R YR I /N T 1 s A EOR
YR AT DA SR 2 A B i I

Fe 25 4% B i) 43 &2 F ( Time Division Multi-
plexing, TDM) il 2 ¥ 4 fit 25 B A ' 2 15 38 15
5 S B[] R 23 A T B ) R R B B S I
XEEI B I 4h B — N E S R B E S
FE ORI B Bl & A T AT R L . AR
FGOR ' U A AT BRI o) 5 R B R AR 4
B FTAE 5 A A v R 5 O U8 P e vl B s S B
B — 2 2 S WO O6 R A3 i B R 1567,
32,1 572. 66,1 650. 955 nm (615 5, BN K
Bt 3 s, M I HOR SEE T — Ok IR X
CH,,CO,,CO LR AR MY Al A

3 A%kt

3.1 HARXRBERERKUE

M4 2 S Kk (CH, , CO, , CO) Kl 75 %2, 4k
U I B ARG 0 s K . IR
WE 3 iR, ek 96 <<0. 1 pm, fig K4 oh %
AEE] 10 mW, 285 2 UK s [R] I L 9 4 0k 3l
AINF L pm KERRE N £ 1 pm. BOGE B
A% 4R 8 WO BE AR RS 1 B TE MR 0
P b H A 98 I /N T B AR AR IR S 2

RO T AR R I JBE R R B L IR A 5 T
T A > 2 RSB T R —BOLAR 2
PRAR I .

_ R_BW=30_kI Iz S_\\ft:t:p 1_ir|_1z:l=200 ms

10 fiie

10
-20 (=
-30 -
—40
=50 |
~60 (=
=70 -+
_80 R

Power/dBm

Frequency/MHz

K3 JLEOEIE A

Fig. 3 Spectrum of ultra-narrow-linewidth laser
W 4 PRt TR E S R AR AT

FeA 3 FRAE R G S 1 5 5 A L Al
Ay Bl —1. 757, —1.578,1. 032 V IE{E {55,

PC —= MAX3232 — 89552

B4 TR S S S A v

Fig. 4 Frame of adjustable signal circuit

BT PR S B ORI K H Al O
YIRS UK 1 567, 32,1 572. 66,1 650.
955 nm MWJEOG. WK 5 Fras .

1567.32 ——r

T

E 1650.955 fnnnnrememmmnnna- ,
= ;
- 1}
= 1
=11] )
=] 1
£ i
s ;
= 157266 5

:

:

9

Time/s

B 5 R A

Fig. 5 Chart of laser output wavelength



57

B S I R R LR RO AR 10 2 AR R S B 1499

[ ESHE A5 R 5 kHz M@ {EH =2 V 1 =
AR5 3 AG R R 1 S 11 5 ' R A e ' 1 5 )
32 B AR L 1) S5 30 v A ARSI L VR A A A T
6 FIr7R

0.1 0.2

Uumnv

Time/ms

6 =mifssR

Fig. 6 Waveform picture of function generator

3.2 HRERZKIE

T B —WOB IR 1 2 S ARK I R 58 254 4n
B7 i 3228l G U8 O U 1 o AT R
% DG IR ER 4> G 5 A BEER 4 H A

Current
controller
(adjustable

circuit)

lsolate

DFB-LD

13 optical
swilch
1

]! dL 4

| Gas | | I(}a.-;2 | I Gias 3 |

Function

Data-
acquistion
card

K7 mesii

Fig. 7 Schematic of experiment system

ZA G0 08 T . — ] R i R AR 2k SO #R 1R O
PR T S A5 S B A SP-F40 B pR B R A
O3 R AP IR 1 ADG T 4 . S
RO 22 3 ) B B 4 3K BDEIT 5% R D IF R =8
O EMEARSEB T 3 AR I 2
G0 I B — UL SR AR R S Y e AT 3
F—AEIR i g L TF R BEAT VI B AL TT S 1Y
DI RN T 1 s 65 5 i eI % 5 ot £F
AR B A P HR R A5 A R AR 3 AU AT 4k

ki 5 24 R 2% 3% 3 New focus S HLER
P L B 3 S 3% 31 SR830 Hi 7 B R i K 2 6
H— W U D WA B R A ROR RS A
TR PLE T FE . o ,

4 FZBRRBERSH

4.1 RASKERERNER
4.1.1 BRIk
ARSI B T P — AT 4R TE OB A I A T R
P U R B AR A A Ay S R S T 2 AR
Z R SE R S e 7 FTR . KRR E S
S A VR A B O IR TR A R e 1, S B
WG IRAE 1567, 32,1 572. 66,1 650. 955 nm JE K
Qb FE SR PE AR L A R A Bl E 3 R AR
(CO,CO, , CH) By W W fE F . [R5 B3R 5
kHz 1 = ff1 I 15 5 48 A VR VR i 115 52 3 4 1S
JEaR A = AR WOGE G RR B A O OC
LA AR RS AR B i BRI R e H B 4 S B A
RO R U S P R O . — YRR DB 3 e B R
ERGREBIIAN, 2K BINF- )5 15 5 5 i
TRAAAMH BE(E .
4.1.2 SR P RA LR 5 H
ARGFNZ 3 E ARSI T 3 AR a5
F1R 000 S 3 B L BB — A A T e 5l AT 40 BT 52
oy v gL B SRR R 296 K, IS S A SIE RS
FIPR 5 AR BE 1 bR TR S AR (CO,L CO,
CH.) 43 5l 50 A T 1 A0S R0 2R G0 %) AN [] o B 1Y
PRUETR A AR IEAT TR I B A TIR AR
e COLCO, ,CH, ¥ B I M £k, in &l 8~10 fF
N TR A SR 3 Fh A M B 15 40 v ok i 4R
1.2
1|
0.8 1
0.6

04

Standard concentration/%

027t

0 ) : :
04 06 08 1 1.2

Measured concentration/%
8 RGBT CO ¥ (H

Fig. 8 Concentration of CO in multi-component gas

0 0.2

detection



1500 b=

e TR

%19 %

PERE R 0,99, T e KA X R 22 <<2 %0, B /N IR B
Ko BR 43 531 24 0. 05 %6,0. 05%,0. 005 %,
1.6 ¢
14t
12
L
0.8 f
06
04
02}
0

Standard concentration/%

0 02 04 06 08 1 1.2 14 1.6
Measured concentration/%

B9 RASTHABPI CO, ¥

Fig. 9 Concentration of CO, in multi-component gas
detection
127
Y
2
E 08¢
=
o)
2 067
3
-
% 0.4}
o
& 02}
0 " ; : : : i
0 02 04 06 08 1 1.2

Measured concentration/%

B 10 RESM PR CH, #kEEH
Fig. 10 Concentration of CH, in multi-component

gas detection

4.2 SHEKSERNBEEIR
F A /U T E IR 10 COL 2%

95 —+CO
-+ CO,
e —+— CH
: Sepnregttaaat ‘
2,\3 2
E 15t b kb
s
2
S [[RETVINT N
o
O-S 1 L 1 L J
0 20 40 60 80 100
tmin
Bl 11 R AR I AR M il 2k
Fig. 11  Experimental curves of stability in multi-

component gas detection

CO. . 1. 5% CH, — bR 78 AR E 5 53 5 iF
TRGMARE PS5, B 2 min g 5% — K 4t
5 11 R S BANSARTE BTN 30 min B i)
PN B K BE D% Bh 24/ TF 0. 02 % K &R 48 B A #5
LR E PE R E R A
4.3 ZHESSEKN AL LI

FHE G AU VAR T R 46 30 248 e
b, BREPEALS%NCO,2%C0O,,2.5%
CH, #r#EIR A 3T JF CH, ERE A —E K
U CH,, Je P CH, Bl s 45 158 I &t 52 2 )5 4T JF
CO, JHIERS - M CO, ol K 75 15 I 5 Fa 2 I PR 4T
TF CO WA 7oA — & WA CO, S50 45 51 n &
12 Jif 7R« R GE ) 2500 N B[R] <10 s, B R 41 3))

S R
3.5 —— CH,
5l —— CO,
s —— (0
g 2%
E
g 2
E "‘/‘Ovv\-
.vo
Yost
] M i i i i i i i
10 20 30 40 50 60 70 80 90
t/min
B 12 R A SR 2l 2w S £k
Fig. 12 Dynamic response in multi-component gas
detection
5 £ #

I 78 £ 9 PO £ i R O BEORS i AR
b R AR AR Wi LA T A s T AR IR
LR T AR L S5 SOR TR B T K B R 6
TR BR A 2 as ar E BRI T R R £
A RIS E AT I R G, SE B T B — 0ok A
232 SR, ZRGE T T B R B g
R B e/ PR RE A A L 5 TR
B SRR A RUERE T R Gk RS B R R R
Sy S R, CO,CO, , CH, £ 20 43 < M ik BE D
HRMEA G R 0. 99 e KA X iR 22 <200 8h &
e o B[R] <10 s5 e R 8 <<0. 02% ., L ARG H
R ORG R R R AT Bl 2 ) N B R AR R
KOS G T 2 H 3 ARSI AR LA I 76 v ) 7R
T 255 22 4 W 0 A6 45 3 5L A AR B 1 17 R R 5



&7 PR T 2 N A — 2R 2SO R I 2 R R I R LB 1501
. BB 3T ] % F 4R 2009, 29(3) . 728-

CE e ¢ 739,

BAREENCE TN T N i S Lk SR LEZH Y, WANG H H. CHENG S L, et al..

(2]

[4]

(5]

[6]

7]

(8]

LMMMB ARG RE]] & EEHA, 2005,31
(8):30-35.

XU K, ZHOU ] H, RU Q SH, et al.. Develop-
ment and prospect of transformer oil dissolved gas
on-line monitoring technology [J]. High Voltage
Engineering , 2005,31(8):30-35. (in Chinese)
DUVAL M. A review of faults detectable by gas -
in-oil analysis in transformers[J]. IEEE Electrical
Insulation Magazine, 2002,18(3) :8-17.

B w3 S L AR B AL L BT R E BOL Bk
JEi g R AU e WAL ). B & S AR, 2006, 26
(1):67-70.

KANRF, LIUW Q, ZHANG Y J. etal.. Infra-
red absorption spectrometer of monitoring ambient
methane[ J]. Acta Optica Sinica, 2006,26(1):67-
70. (in Chinese)

ZAEEEW. A FFF REAETEEGTH 5
il FR g8 g A GE L) ] 6 % & 3Rk, 2010, 30
(5):1261-1267.

WU X J. WANG Y T, LIU X C, et al.. Applica-
tion research of prism gas cell in fiber optic methane
sensing system[ J]. Acta Optica Sinica, 2010, 30
(5):1261-1267. (in Chinese)

T REH, EAa,F W RIBOEIE AR A
FEASRE A i i LT e 5 55 % o4
2010,30(3) :667-671.

DING H. LIANG J Q. CUI J H. et al.. Applica-
tion of near-infrared absorption spectrum scanning
techniques in gas quantitative measurement [ J ].
Spectroscopy and Spectral Analysis, 2010,30(3)
667-671. (in Chinese)

MICHEAL E W, SU H K, SCOTT T. In situ
combustion measurement of CO, by use of a dis-
tributed feedback diode laser sensor near 2. 0 um
[JJ. Appl. Opt., 2001,40(6):821-828.

T2 KR 245, W 0%, 5. BT O RIBO6IE T
HKR CO, WELMMIIT. A#F 5 L# 0407,
2009,29(1) :10-13.

HE Y. ZHANG Y J. KANRF, etal.. Open-path
online monitoring of ambient atmospheric CO, based
on laser absorption spectrum[]J]. Spectroscopy and
Spectral Analysis, 2009,29 (1):10-13. (in Chi-
nese)

F BRI B R, F. R R ML IR E Ok

(9]

[10]

[11]

[12]

[13]

[14]

Phase-synchronization using double optical-path
techno-logy in fiber optic gas sensors[ J]. Acta Op-
tica Sinica . 2009,29(3):728-732. (in Chinese)
ERvt, Z— 4 BB F. G DB
Gt igasl1]. &% #E T4, 2008,16(10):1936-
1941.
ZHUANG X Y, WU Y H, WANG SH R, eral..
Optical fiber evanescent field sensor based on new
type D-shaped fiber [J]. Opt.
2008,16(10):1936-1941. (in Chinese)
HBR.AF.HE R LB GRS
[J]. &% 4% T4, 2008,16(6) :1042-1046.
XIAO SH R, ZHU P, BEN F L.

Precision Eng. ,

Analysis on
characteristics of optical fiber sensor for atmos-
pheric pressure[J]. Opt. Precision Eng., 2008,
16(6):1042-1046. (in Chinese)

REE, &2, KA AR M A R AR
LM EARERT] & 2AHKP 5N,
2009,37(23) :187-191.

ZHAO XX, YUN Y X, CHEN W G. Comment
on on-line monitoring techniques for dissolved gas
in transformer oil[J]. Power System Protection
and Control , 2009,37(23) :187-191. (in Chinese)
M R EHBEF. BETIELINGIEHAR
1 245y F SRR )], b & % 4R, 2010,
30(2):567-572.

ZHAO ] H, ZHAO CH W, WEI ZH ], et al..
Study on monitoring multi-component toxic gases
based on near-infrared spectroscopic method [ ] ].
Acta Optica Sinica, 2010, 30 (2):567-572. (in
Chinese)

TRA R UL IR 245, TR R R R EOE G E k
T RG] F Bk, 2006, 33 (11):
1553-1556.

CHEN D, LIUW Q, ZHANG Y J. Tunable diode
laser spectroscopy system for fire gases sensing
[J]. Chinese J. Lasers, 2006,33(11):1553-1556.
(in Chinese)

BB, kR R R, . TR EOL I
HOARK AT F B3k, 2008, 35(10)
1558-1562.

CUIH X, QIR B, CHEN W L, etal.. Measure-
ment of oxygen concentration using tunable diode

laser absorption spectroscopy and wavelength mod-



1502 G KR LR %19 %
ulation spectroscopy[J]. Chinese J. Lasers, 2008, ment research for fiber methane gas sensor[]].
35(10) :1558-1562. (in Chinese) Journal of Optoelectronics * Laser, 2009,20(7) .

(151 F % .57 F.5 kK. 5. SHBOLHLS CO, 851-854. (in Chinese)
AR MRS RT] by HE LR, (18] ZFm .tk 2 A&, 5. SLLF M a o3 & JH £
2009,17(1) :14-19. ARG Mo [J]. % % T4, 2007,15(4);
LIY P, ZHANG G J, L1 Q B, et al.. Infrared 473-477.
CO, gas sensor based on space double beams and LIL, LINY CH, FU LL H, et al.. Research on
its measurement model[ J]. Opt. Precision Eng. , spatial division multiplexing of fiber Bragg grating
2009,17(1) :14-19. (in Chinese) sensors[ J]. Opt. Precision Eng. . 2007, 15 (4);
[16] wm. 2rohsb B2k o — A Ao sk 4% & B AT 473-477. (in Chinese)
RID] BB R TR %, 2008. [19] skiek, 2m, EER.F. ETESENNT IR

[17]

TIAN K L. Studyon Infrared Absorption CO Fi-
ber Optic Sensor [D]. Wuhan: Wuhan University
of Technology, 2008. (in Chinese)

e, B4, R RE.F. 6L CH MBS
MR AF )], ke F - #k.2009.20(7):851-
854.

QIAO X G, WANG J, JIA ZH A, etal.. Experi-

EER N

B B985 —) B ILAFED AL
TWFFE A L 2007 4R F 1L AR R % 345 2
T NGO FH AR O
BEEe AR SE 5 i W 5Y . E-mail: ex_
012003(@ yahoo. com. cn

=

B R(979) B IR 1
WFEA 2003 4 F AR R¥R18 % L
AL, FEEMNFE S FHAR, ALK
i AR5 7 5T . E-mail: mr_mi-

aofei@mail. sdu. edu. cn

W OC LT A I P 5 DT [T ], ki 5 b5 ik o
#,2010,30(6):1722-1726.

ZHANG J L, WANG P, WANG ZH B, et al..
Fiber monitoring network of methane concentration
based on space division multiplexing in coal mine
[J]. Spectroscopy and Spectral Analysis, 2010,
30(6):1722-1726. (in Chinese)

EOAA983—) AL AR
WFFE A2, 2005 48 F i MkOR# 3R A5 2 L
AL, FEMNFGH T HOR LT AL R
¥R % 7 om o R

wangjing329@mail. sdu. edu. cn

E*mailg

BEE £ (1963 —) . . I KK E N H
L B A T, 1983 4F (1986 4F
T AR ol R 2 4 S R AR 2 L B
17,2001 45 F R E: K 2 4R A5 A+ 22 47,
E TN TS 5 B R
A% 7 W 5E . E-mail: qmsui @

sdu. edu. cn



