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Fig. 1 The sample diagram of vertical section with technology A
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Fig. 2 The sample diagram of vertical section with technology B

WA BB et FBG 4T
YBCO i #4

TZcC
B3 BT C R B s 2 181
Fig. 3 The sample diagram of vertical section with technology C

(GiRE  JEETIeH SRR FBGICET st bt
YBCO# i #4

TZD

Kl 4 FETIZ DA s Z
Fig.4 The sample diagram of vertical section with technology D
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Fig.5 Stress- thermal coupling measurement system at cryogenics
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The relationship between strain and wavelength Fig. 7 The relationship between strain and wavelength

of sample with technology A of sample with technology B
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Basic experimental study on low temperature mechanical
sensing performance of embedded fiber Bragg grating sensor

ZHANG Pengnian', TENG Qingfang' . GUAN Mingzhi**
(1. Lanzhou Jiaotong University, School of Automation &. Electrical Engineering, Lanzhou 730070, Gansu, China; 2. Institute of
Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, Gansu, China; 3. Lanzhou University, College of Civil Engineering and
Mechanics, Lanzhou 730000, Gansu, China)

Abstract: Complex stress and strain can arise from the winding. cooling down and intense field in
YBCO superconducting magnets, which can induce maximum internal strain to about several thousand
micro-strain in magnets and cause the degradation of superconducting performance and even damage
easily the internal structure of superconducting magnets. Especially for high temperature
superconductor, the internal stress state is related directly to its safety and reliability operation. The
relevant measurement technology of internal strain in the ultra-low temperature is rarely involved at
home and abroad. Based on fiber Bragg grating (FBG) strain measurement technology, it is proposed
that an embedded FBG sensor measurement technology for YBCO high temperature superconducting
taps, namely, FBG sensor is attached slightly to the surface of strip by adhesive and special crafts,
whereas the size of tap is hardly influenced; then the FBG sensor is naturally embedded between the
coil layers when winding. Furthermore, measurement precision of four kinds of FBG based on the
different preparation crafts were compared and analyzed. The corresponding experimental calibration
curves were shown, and the effects of binder, bonding process and low temperature environment on
the results were discussed. The results show that the developed embedded FBG sensing measurement
technology can work well in liquid nitrogen cooling environment when the proper curing of low-
temperature adhesive and epoxy resin. The measurement technology is also applied for internal strain
measurement of double-layer superconducting taps at cryogenic temperature. There was not chirp
phenomenon of FBG sensor occurred in liquid nitrogen environment for the developed quasi-distributed
embedded FBG sensor with high measurement accuracy.

Keywords: strain measurement; embedded FBG sensor; YBCO



