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Magnetic bridge type displacement sensor array in square pulse magnetization

Deng Yongle Wang Rongbiao Tang Jian Wang Shenghan Kang Yihua
( School of Mechanical Science & Engineering Huazhong University of Science and Technology Wuhan 430074 China)

Abstract: In view of the application requirement of surface nondestructive testing of ferromagnetic workpiece such as hot rolled steel pipe
and oil well pipe in service a magnetic bridge displacement sensing method and a sensor array are proposed to realize magnetic imaging
detection of surface morphology defects with certain spatial resolution. In this method the sensor and the workpiece form the magnetic
circuit together. The sensor uses a special compact array structure of magnetization which could obtain better performance due to varied
specifications. Firstly with a time-sharing method it reduces the interference between adjacent measuring points and pulse magnetizes
each single displacement measuring magnetic circuit in the array. Secondly the magnetic field in each measuring magnetic circuit is
sampled at intervals. The displacement value of corresponding positions is calculated. Through theoretical calculation and simulation

this study analyzes the resolving power under different basic lift-off in the array sensor testing morphology distortions like grooves. The
spatial resolution of imaging the measured surface is analyzed under the influence of the system’s scanning and sampling parameters. By
experiment evaluation the measuring range of this sensor array is 0.2~7.0 mm and the B— sensing characteristics fitting curve’s
linearity is about 1%. In comparison the pre-existing H-shaped magnetic bridge displacement sensor is in the range of 1~5 mm and
the linearity is about 2%.
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Fig. 1 H-shaped magnetic bridge magnetization structure
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3
Fig. 3 The magnetic bridge displacement sensor array
4
Fig.4 Schematic diagram of magnetization of bridge

array structure and equivalent magnetic circuit

1
Table 1 The parameters of the equivalent magnetic circuit

model and the calculated results
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X = z aR/uZ ' ) Jk - eN (2) 2
Jrkso=ns Table 2 Description of simulation parameters
X, = Z (a,R,R:) Jjk - eN (3)
Jrk+e=n=-2
X, =/+,+2: a;RR; JkeN (4) Al 4.0 /mm
X, = 2 a Rlz R" ) jk - eN (5) A2 1.5 /mm
Jrk+e=n-1
R, = M% c B1 19.0 /mm
1
b = + G, (6) B2 4.0 /mm
y
Ctpg cl 5.5 /mm
c2 1.5 /Hall /mm
2 © 4 000
DIXE1  1.5%3.0 /mm”
Hall A1324
3 mmX4 mmx1.5 mm D2xE2 - 4.0%5.5 /mm’
2 mmx4 mmXx3 mm F 5.6 /mm
3.0 mmx4. 0 mm 1.5 mmX3.0 mm. N 100
5
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5 Fig. 6 Schematic diagram of magnetic flux density B
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Fig. 7 The fitting curve of relation between displacement y

and magnetic flux density B measured at the measuring point
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Fig. 8 The fitting curve of relation between the displacement
y and the measured B with C1 change
3
Table 3 Simulation analysis of sensing characteristics
under different sizes
C1/mm a/mm 1%

4.5 1.08 0. 66

5.5 1.51 0.36

6.5 1.92 0.26

7.5 2.30 0.32

8.5 2.62 0.72
2.2

o 9( a)
2.0 mm 0.5 mm 1.0 mm
x 9(b) .(c)

B~ 2.0 mm 0.5 mm

; B-1/(y+1.51( mm) )
9(d) (e) Y= o
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Fig. 9 Analysis of simulation results of square groove

scanning model
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Fig. 10 Magnitude and variation of peak values under variable

size parameters of square groove
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Fig. 12 Sensor array probe installed into the displacement
measurement experiment device with a
micro-positioning platform
4
Table 4 Illustration of parameters changed in
actual experiments
11 (2 3 )
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Fig. 11  Schematic diagram of scanning trace coverage and
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1. 06% o 13 mV 10 mm
R*=0.999 819 13(a) (b) .
5 ( Vout yl) °

Table 5 Amplified output voltage and relative displacement
(V. y.) obtained by experiments 6 H

¥, /mm Vou !V ¥, /mm Vou !V ¥, /mm VoIV

out out out

5.5 mm

0.20~7.00 mm

Table 6 The displacement measurement experiment results

compared with the H-shaped magnetic bridge sensor

0. 005 4.28 1.201 2.74 3.597 1.63
0.102 4.16 1. 400 2.60 4.001 1.54
0.202 4.00 1. 600 2.45 4.402 1. 44
/mm 1%
0.301 3.82 1. 801 2.33 4.799 1.37
H
0. 401 3. 66 2.003 2.22 5.206 1.29 10415 108 0.999 4
0. 499 3.50 2.298 2.08 5.602 1.23
. .3 2. L. . 1.12 H
0. 600 3.38 600 96 6.503 1048 105 0.999 5
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Yy o ooe
N <Hall o
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Fig. 13 Fitting curve and error curve of V , and v,
obtained in calibration experiment
6 5 13
4.6” H o
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