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Fig.1 Schematic diagram of fiber ring cavity system
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Fig.3 The spectra of the pulsed laser with central
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Fig.8 Relationship between decay time r and
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A RUETFTEO R FLRDS 2R 4 4 1 B Rk, A1
P8 AU 2 A e B S 5, O B TR
47 200,400,600 ,800 .1 000 wL/L fit) C,H, , 1551 4H
HHEIE S EE R R Bl 2. BT LI e Rk
U R, T A TR 1 3 0 I RSP 2 (R R
Jei K T2 I TR) AR L 3R B[] - B R A R 45 51
AN A B BE , 25 R AN 1 7R . IO 4 3R i



& AH) ALK 60

K4 %t it 2% K 16,86 wl/L, & KA X% 2% N
3.215% , HAT RUFHYM RS

®1 CHREREFMEXRE

Table 1 Inversion concentration and
relative error of C,H,

oy R
200 206.43 3.215
400 408.90 2.225
600 594.77 0.872
800 806.97 0.871
1 000 983.14 1.686

3.3 C,HWRENE

B T CoH A0, SCrR R & T R A0~ 300
pL/L ) CoH o i3k 4845 5 1 I [B) R AR E , &
MHBAALMEE R, WK 9 FiR, R 490.994 72,41
AR R

8.0
79}
» T8¢
N
=77t
Z 7.6}
V75|
w
74}
73}
7.2

— y=2.31x10"x+7.965 56
— FEH I ]

R’=0.994 72

0 50 100 150 200 250 300
AAIREE /(UL « L
B9 ZFHHE 5 CHKERXR

Fig.9 Relationship between decay time
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C,H, and C,H, detection based on open-path fiber

loop ring-down spectroscopy technology
ZHANG Yin', CAI Yijie', LI Xiaohan', ZHANG Xiaoxing', WANG Dibo>’, ZHUO Ran’"
(1. Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid Equipment, Hubei University
of Technology , Wuhan 430068, China;2. CSG Electric Power Research Institute Co.,Ltd.,Guangzhou 510080, China;

3. United Laboratory of Advanced Electrical Materials and Equipment Support Technology , CSG , Guangzhou 510080, China)
Abstract ; Lithium iron phosphate batteries have been widely used in energy storage system because of the long service life and
environmental protection. However,in recent years, there are many safety accidents in the energy storage power station, which
threaten the stable operation of the power grid. In the process of thermal runaway, lithium iron phosphate batteries will produce
combustible gases such as C,H, and C,H,,which is an important cause of combustion, explosion and other disasters. Therefore,
real-time monitoring of combustible gases such as C,H, and C, H, in the prefabricated cabin can ensure the safe and stable
operation of the battery. In this paper,a fiber loop ring-down spectroscopy ( FLRDS) technology based on open optical paths is
proposed ,which can realize on-line monitoring of trace gas in open space. The optical loss of gradient index (GRIN) lens is
analyzed theoretically and experimentally. An open optical path FLRDS gas detection system with an insertion loss of 0.95 dB is
established. According to the infrared spectral characteristics of C,H, and C,Hg ,the performance test of laser source is carried
out. The gas concentration detection methods of C,H, and C,H; are studied by using the simulated open space. The results show
that the system has good stability,,and the standard deviation S of the measured signal under N, background is only 0.156% of
the average value. There is a good linear relationship between ring-down time and concentration. R* of C,H, is 0.998 32, R’ of
C,Hg is 0.994 72. The results of the inversion calculation show that the maximum relative errors of C,H, and C,H, are 3.215%
and 4.72%. The maximum absolute errors are 16.86 pwlL/L and 12.74 pL/L. The research proves that the method has good
measurement accuracy.

Keywords : lithium iron phosphate battery ;open optical path fiber loop ring-down spectroscopy ( FLRDS) ; combustible gas;on-

line monitoring ; simulated open space;gas concentration detection
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