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Current Sensor Based on Magnetostriction and Fiber Bragg Grating

Dong Funing, Yang Qing , Luo Mandan, Chen Ning, Liao Wei
State Key Laboratory of Power Transmission Equipment & System Security and New Technology,

Chongqing University, Chongqing 400030, China

Abstract A passive and non-contact current sensor based on giant magnetostrictive material (GMM) and fiber
Bragg grating (FBG) is proposed. The position of reference GMM, the size and direction of the reserved expansion
space of the magnetic concentrator, the side length of the cross section and the length of the upper opening are
analyzed and optimized by COMSOL software, so as to ensure the dense and uniform distribution of magnetic force
lines in the bonding area of the sensing FBG. Finally, the temperature independence of the current signal is
measured by the double grating-intensity demodulation system. The alternating current (AC) and direct current
(DC) characteristic test of the sensor shows that the sensitivity of the sensor is 249.75 mV/A under the DC input of
0.8-3.5 A, and the linear correlation coefficient is as high as 0.9942. Under the action of a bias current of 1.6 A,
the sensor has a good response ability to the sinusoidal input signal of 50 Hz—6.5 kHz. At the same time, the test
of the temperature characteristic of the sensor shows that the double grating-intensity demodulation method can
eliminate the influence of ambient temperature on the output voltage to a great extent. The sensor proposed in this
paper has the advantages of small size, simple structure, stable performance, and low cost, and has temperature-
independent characteristics.
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Fig. 2 Basic principle of double grating-intensity demodulation method. (a) Spectrum of broadband light source;

(b) reflection spectrum of sensing FBG and reference FBG; (c) change of reflection spectrum under stress;

(d) change of reflection spectrum under combined action of stress and temperature
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(a) Curve of p values changing with reference GMM position; (b) curves of m values changing with reference GMM position
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Table 1 Output amplitude of sensor at
different frequencies
Frequency /  Amplitude / || Frequency / Amplitude /

kHz mV kHz mV
0.05 50. 00 5. 50 40. 65
0. 50 42.65 6.00 40. 65
1.00 45.32 6.50 48. 35
1.50 45. 32 7.00 56. 32
2.00 45.32 7.50 73.33
2.50 45.32 8.00 130. 00
3.00 45.32 8. 50 82.00
3.50 45.32 9. 00 60. 65
4. 00 45.32 9.50 50. 62
4.50 45.32 10. 00 46. 64
5.00 44. 00
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0 2000 4000 6000 8000 10000
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Bl 12 2 SR 2% A M A0 R P 1T 4%
Fig. 12 Amplitude frequency characteristic

curve of sensor
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Fig. 13 Sinusoidal input-output curves at different frequencies. (a) 50.0 Hz; (b) 2.0 kHz; (c¢) 4.0 kHz;
(d) 6.5 kHz; (e) 8.0 kHz; (f) 10.0 kHz

4.3 BEHMHENR

A SCHR M A B SR T T RO - B i O
P BATIRE R R . A RHL-100L B 1] 4%
R Rk 2 A X A2 SR A IR B R R AT, Oy T
T 7 S PR DR ] X £ JR 28 J) S A 5 I B 114 52 I
1R AR TN — DI AT b, D28 F S Zei 3 46
M B ARG, B Z A, fE R AR T A
T A AR A B 4 S, Y R AR R R IR
JES T LA IR — BUS JF I 0K 33X R K BR EE
PRAE TSR AT 2t . %R FBG 09 IR BE T 52 7%
Ve ST R BEJE B o 0~60 °C , LB A8 Ak h B % B
H2C, F 2 N AMEN 1.0 kHz, I8 H K
0.5 A [HLIE ARG 10 °C % HAZ 5 04 i 1 FnAH f7
FIN AL T ek B R R 3 R B 9 A R an BT 14 BT
I 5 15 R AR A 0 R e 0 5 R 2 o 1) S L

2 ARRERAE A IRDI BE T A i L R A0 AR A7 22
Table 2 Sensor output amplitude and phase

difference at different temperatures

Temperature /°C Amplitude /mV Phase difference /(°)

0 100. 00 —12.96
10 103. 35 —11.00
20 105. 00 —9.70
30 105. 20 —9.28
40 105. 95 —9.10
50 106. 50 —8. 64
60 108. 23 —8.56

ARG A A f it 2. N FZ B0 45 R nT LU 11 . 7E 0~
60 °C A4 T Y1 T P o A A7 2545 AN W S %) o 3 5 T o
7 98/ B4 B s e KA A7 25 0% sl Y LA 4. 4° 5 e {E
8 25 B TR R A T v T 22 48 0N O ks TR e R IR
H 22355 8.23 mV, 3 45 P sh [l 0. 68 dB, H
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Fig. 14 Layout diagram of sensor temperature characteristic test system
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