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Fig. 1 Schematic diagram of temperature and salt sensor based on GTG
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Fig. 10 Salinity response after temperature compen-
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Table 3 Linear fitting results of the salinity response after temperature compensation

Sample DTG1 DTG2 DTG3 DTG4 DTG5S DTG6 DTG7
K 1 —5.24 —5.39 —5.99 —5.49 —5.75 —5.78 —5.43
R’ 0.992 47 0.993 3 0.992 11 0.982 51 0.992 74 0.993 23 0.999 21

AR SCHE R OG AT AL 8 5 B SCHR Z 8] 9 P B 4 4 s o AR A T, 5 HA AL IR AR 1L L 2 1% I
F1% 25 4 1 5, T LA e A s 98 2K A L RE R R, BT R A S o (ELR 2 R X B Y R U AR
K, A OROKE % 2R 4 o 6 18 U I D vk o 0N 3 PTUR 2 A TR B, DA % i L B ) S AR A BT DA — 25
B e FLER R BURE o BRI IR)Z 27 AR BRI TR D, DT R e A R R OB o % R B R R 4
T 448 5, LT 8 32 A g 17 5 2 B R I ]t AT DL Y 9N G AT Y AR L TE PR 2 R A Z RE BT L ik
N CET L JE B TR 0 b MR FELEL R A4 3% T RR 2 B DR/ 5 EIOMT R B AR A AR Y T T el
PR 3 B R A v O i % R, 2 AT 4R v A% S e 0 R P B SRR o A 6 SR T IV i o IR R AT 4B 0%
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Table 4 Performance of some representative temperature and salinity sensors

Configuration Temperature sensitivities Salinity sensitivities Multiplex Fabricatif)n Ref
complexity

MZ1 —994.83 pm/C 290.47 pm/ %, — Complex 10

FP 6.85 nm/°C 50 nm/ %o — Complex 11

ST —0.728 nm/°C 0.367 nm/ % — Moderate 12

Lamellar PI-coated FBG 0.009 5 nm/C —0.0358 nm/% — Moderate 21

PI-Coated PCF — 30.1 MHz/(mol-L.™") Distributed Moderate 23

This work 10.02 pm/C —5.58 pm/(mol:l.”")  Quasi-distributed Simple —
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Quasi—distributed Temperature and Salt Sensor Based on Drawing
Tower Grating

WANG Yuqi'?, PAN Zhen'”, JI Yadian'”, FAN Dian', ZHOU Ciming'
(1 National Engineering Research Center for Optical Fiber Sensing Technology and Network, Wuhan University of
Technology, Wuhan 430070, China)
(2 School of Information Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Seawater temperature and salinity are the most critical and fundamental physical parameters
necessary for all oceanographic disciplines, which have important theoretical value and practical significance for
studying ocean climate change, monitoring marine ecological environment, exploiting and utilizing marine
resources, and ensuring military security, etc. The development of high-performance sensors for seawater
parameter measurement has become one of the research hotspots. In recent years, optical fiber sensing methods
have provided a new solution for high precision measurement of physical parameters with the advantages of anti—
electromagnetic interference, corrosion resistance, small size, and real-time distributed measurement. At
present, the widely studied optical fiber temperature and salt sensors mainly include optical fiber interference
type sensors and fiber optic grating type sensors. Researchers at home and abroad have realized the design of
optical fiber interference type temperature and salt sensors by micromachining the optical fiber, such as taper
pulling, reverse taper pulling, side polishing, dislocation welding and core diameter mismatch welding, and
achieved some research results. However, there are generally problems such as great fabrication difficulty and
poor structural stability, which are difficult to meet the application requirements of marine engineering. In
contrast, optical fiber grating type temperature and salinity sensor are mainly designed based on Fiber Bragg
Grating (FBG) , and a single FBG can form a sensor, which is simpler to manufacture, more stable in
structure and more adaptable to the environment. However, the current fiber grating temperature and salinity
sensors mostly adopt FBG with high reflectivity, which can only perform discrete point measurements and
cannot realize distributed sensing. Besides, previous reports mostly used spectrometer demodulation, which
cannot observe the real-time response of temperature and salinity. Therefore, a quasi—distributed temperature
and salt sensor based on Drawing Tower Grating (DTG) is proposed in this paper. The sensor uses DTG
coated with Polyimide (PI) as the salinity sensing element. The PI coating expands or contracts linearly in
volume when in contact with solutions of varying salinity. The expansion or contraction response caused by the
change in salinity is converted into an axial strain loaded on the PI-coated DTG, and the salinity can be
measured by monitoring the drift of its central wavelength. During the experiment, the central wavelength of the
fiber grating is demodulated in real time by the fiber grating array demodulator, and its data is collected and
recorded by the computer in real time. In the temperature compensation coefficient measurement experiment,
the optical fiber sensor was placed in the circulating temperature field from 25 °C to 30 “C and then back to 25 C.
Compared with the electronic temperature sensor used for calibration, it can be found that both PI coated DTG
and uncoated DTG can accurately measure the ambient temperature, and have good consistency and
repeatability. Their temperature sensitivities are 10.24 pm/°C and 10.02 pm/°C respectively. In the experiment
of simultaneous temperature and salt measurement, the fiber optic sensor was placed into a high concentration
NaCl solution of 5 mol/L to make the PI coating lose water and shrink sufficiently. Then deionized water or low
concentration NaCl solution was added to gradually dilute it to 4 mol/I., 3 mol/L., 2 mol/L., 1 mol/I., and
0.6 mol/L to observe its salinity response. In order to simulate the actual working environment of the sensor,
the whole system was in a room temperature environment without temperature control operation, and the
sensor was still able to measure the temperature of the solution accurately, and the average salinity sensitivity
obtained after compensation was — 5.58 pm/(mol/L.). The experimental results show that the sensor can
simultaneously measure the temperature and salinity of seawater in real-time and quasi—distributed, and also has
the advantages of wide measurement range, high measurement accuracy and easy fabrication, which has certain
prospects for application in marine engineering.

Key words: Salinity measurement; Temperature compensation; Drawing—tower gratings; Polyimide;
Quasi—distributed
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