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Fig. 1. (a) Double clad fiber structure; (b) encapsulated FBG temperature sensor; (c) real-time measurement device of reflectance

spectrum for temperature and strain response.
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Fig. 2. (a) Schematic diagram of lithium battery pack temperature monitoring system; (b) layout diagram of 18650 lithium battery

pack double clad FBG.
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Fig. 3. (a) Single mode and double clad FBG spectra under the same hydrogen loading and writing conditions; (b) single mode and

double clad FBG spectra with the same reflectivity.
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Fig. 4. Spectra of single-mode and double clad FBG at different temperatures: (a) Reflection spectrum variation of single mode

FBG; (b) reflection spectrum variation of double clad FBG; (c) variation of FBG reflection peak intensity with temperature;

(d) variation of FBG reflection peak intensity with time during heating; (e) variation of double clad FBG reflection peak intensity

with time at different temperatures; (f) FBG center wavelength varies with temperature.
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Table 1.  Comparison of temperature measurement
results between E-type thermocouple and double
clad FBG.
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6 62.6 62.4 62.8 62.7 63 62.7
7 69.8 69.7 69.8 69.6 69.7 69.6
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10 90.8 90.6 91 90.7 91.1 91
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Fig. 5. (a) Real-time monitoring of FBG center wavelength; (b) FBG center wavelength varies with pressure; (c) FBG center

wavelength varies with displacement.
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K2 WLJZE FBG T 18650 44 L AL S Sl v Lo i I BN 1) 22 P e
Table 2.  Double clad FBG monitoring 18650 lithium battery module reflectance spectrum center wavelength change data
with time.
Al /s 10 20 30 40 50 60 70
FBG11 1546.52 1546.55 1546.57 1546.59 1546.61 1546.62 1546.63
— FBG12 1549.34 1549.36 1549.38 1549.39 1549.42 1549.43 1549.45
H
FBG13 1552.56 1552.57 1552.60 1552.61 1552.63 1552.64 1552.66
FBG14 1555.47 1555.50 1555.51 1555.53 1555.55 1555.56 1555.59
FBG21 1546.54 1546.55 1546.57 1546.59 1546.6 1546.62 1546.64
- FBG22 1549.32 1549.34 1549.35 1549.38 1549.40 1549.42 1549.44
12
FBG23 1552.49 1552.52 1552.55 1552.57 1552.58 1552.60 1552.63
- FBG24 1555.42 1555.43 1555.46 1555.48 1555.49 1555.51 1555.52
O /am
FBG31 1546.72 1546.86 1546.97 1547.25 1547.61 1548.11 1548.77
i FBG32 1549.53 1549.67 1549.79 1550.03 1550.38 1550.91 1551.54
1H
FBG33 1552.57 1552.59 1552.62 1552.64 1552.68 1552.7 1552.73
FBG34 1555.45 1555.49 1555.53 1555.57 1555.60 1555.64 1555.67
FBG41 1546.53 1546.57 1546.59 1546.61 1546.62 1546.61 1546.59
. FBG42 1549.35 1549.37 1549.38 1549.41 1549.42 1549.44 1549.45
Wi
FBG43 1552.55 1552.57 1552.68 1552.80 1553.01 1553.34 1553.69
FBG44 1555.48 1555.53 1555.57 1555.59 1555.61 1555.58 1555.59
1552 (2) 1560 1() g FBG41 A FBG43
—o— FBG42 v FBG44
1551 1556
g g \AAAAMAAAAAAAAAAAAAASAAA
£ 1550 &}
2 1549 g 15521
< RS
: 1548 %
S S 1548}
1547 N ESEEEEEEEREEEEEENEEEREE
1546 1544 ¢

10 20 30 40 50 60 70 80 90 100110120
Time/s

&l 6

0 10 20 30 40 50 60 70 80 90 100110120
Time/s

(a) MBI MG RS 1, 3 5038 6L M I X L s (b) 83E 4 F it 5 4  I x L

Fig. 6. (a) Comparison of temperature monitoring of channels 1 and 3 of the temperature field monitoring system; (b) channel

4 battery bulge monitoring comparison.

PR TR 22 5, M 200 °C AR R DK,
VLI FBG31, FBG32 Wil i) 44 iyt AR &b R 3 1
TR W TR O, 7258 70 s B —F K o
Sk 1546.85 nm H1 1548.93 nm, FHAETHI I I %143
Sm A T 2.251 nm A1 2.218 nm. & 4(d) WAL
JZ FBG WO SRR, WAF 22 H v
FL P 26 1 TR BE £ 96 228.5 €, 4T 200—250 °C i
JEE DX [i], 2% BH G PR B b D AR A R i, BT &
SR, SR RERFIAUR, 752 MR EUH
N, 2R A S D 70—120 s Z )5, iR
JEBWT TR, b Rl

P 2 4 5 TE TE Ry R Y 5T A 2 T A
AR W g & 6(b) IR T I 4 XU )2
FBGA41-—44 Hub K BERT RN AR R B 256
B FIZE A 40, FBG41, FBG42 fil FBG44 .0k
R B R E K LT A AR Ak, FRBAX R A2 FBG
JIT W o e it e AR R 2 AR S AIE AR T FBG43 1Y
HRUO IR BRI BRI 20 1552.53 nm, & 70 s B3
iK1 1553.69 nm, AHEH A 3 4~ WMo 5 B0 T B
RS SAE. RB] FBGA3 BT Wa i 141 o, 1t 7% 44
Bl fie kA T IR MR 5(b) B s AY
4 WAL FBG Gk v 5 0 g 07 A8 I3t
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Abstract

Lithium-ion battery is one of the most versatile energy storage technologies today, and the reliability and
safety of lithium battery have always been the target pursued by the industry all the time, so it is particularly
important to accurately monitor the safety status of the battery. Actually, the ultimate cause of all lithium
battery safety problems lies in the thermal runaway inside the lithium battery. In order to overcome the current
problems of temperature measurement systems, such as low accuracy and insufficient stability for long-time
operation at relatively high temperature, a temperature monitoring system of quasi-distributed lithium battery
based on double clad Fiber Bragg Grating (FBG) is proposed in this work. After the monitoring of the
temperature field and bulge deformation of 18650 lithium battery pack by building 4 channels and 16 double
clad FBG points to monitor the temperature field and bulge deformation of 18650 lithium battery pack, the
results show that the points with abnormal temperature rise caused by short circuit and other problems can be
accurately determined under the temperature of 0—450 °C, with the corresponding temperature sensitivity of
10 pm/°C, and the resolution of 0.1 “C. The double clad FBG attached to the surface of the lithium battery
shell can also monitor the bulge deformation on the surface of the battery shell, and its longitudinal pressure
modification sensitivity is up to 142 pm/N. The temperature field monitoring system of quasi-distributed
lithium battery pack based on double clad FBG in this paper can not only ensure high-precision temperature
and deformation measurement, but also have good stability and anti-interference ability, which shows that the
research work in this paper is expected to provide a reliable theoretical and experimental basis for the safety

monitoring and use of lithium battery pack.

Keywords: fiber Bragg grating sensor, double cladding fiber, lithium battery pack, temperature monitoring
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