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Design of trapezoidal magnetic concentrator for electromagnetic
ultrasonic transducer based on orthogonal test method
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(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China; 2. Engineering Technology
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Abstract: To address the challenges of low transduction efficiency, poor signal-to-noise ratio, and the influence of internal ultrasonic
waves within magnets on signal detection in electromagnetic acoustic transducers (EMAT) , conventional methods have employed copper
foil backings or magnetic flux concentrators. However, while copper foil backings alleviate magnet resonance, they also reduce signal
amplitude. On the other hand, existing flux concentrators suffer from complex structures, manufacturing difficulties, and high costs.
This paper presents a novel EMAT design that incorporates a trapezoidal silicon steel concentrator positioned between the permanent
magnet and the coil. The trapezoidal concentrator, with its simple structure fabricated using adhesive bonding techniques, effectively
eliminates ultrasonic waves within the magnet by increasing the distance between the magnet and the coil. Moreover, its unique
trapezoidal shape concentrates the magnetic flux lines into the coil’ s active region, thereby enhancing the amplitude of the echo signal.
The optimal dimensions of the trapezoidal silicon steel concentrator, which significantly impact the echo signal’ s amplitude, were
determined through orthogonal experimental design on the COMSOL simulation platform. The simulation and experimental results
demonstrate that the signal amplitude of the EMAT with the optimized trapezoidal concentrator is approximately 60% higher compared to
the EMAT without a backplate. Furthermore, the signal amplitude of the EMAT with the optimized trapezoidal concentrator is
approximately six times greater than that of the EMAT with a 0. 1 mm copper foil backplate.
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(a) EMAT without backplate
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(b) EMAT with copper foil backplate
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Fig. 1  Principle of three kinds of EMATs
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Table 1 Electromagnetic acoustic sensing unit

geometry modeling parameters setting

JUf SRR Kl Hfy
P 25 mm
N =iy 25 mm
IR AR i 14 T
T P i 0.2 mm
PG 10 mil
LRI 8 mil
2] JERE 35 pwm
R AR 0.2 mm
FEAE 16
ToIE 60 mm
JEJRE 20 mm
. Iz 7 850 Kg/m’
i HEL/N A 0.3
Ty PO B 200 GPa
RS 8. 41 MS/m
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Table 2 Excitation function parameter setting

SRR SRR SR
A 20 A
£ 1 MHz
n 5
w, 2w f, rad/s

1£ COMSOL A i B £k BBl 14 385 il o 22 il 1 ok B 1R 4%
mE 3 s,

40p

1(6) IA
(]

0 1 2 3 4 5
t/us

B3 0T o A ) I 5l R K ]

Fig. 3 Sinusoidal excitation function

modulated by Hanning window
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Fig.5 Magnetic flux density distribution between EMAT without backplane,

copper foil backplate and trapezoidal magnetic concentrator
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Table 4 Orthogonal test design table of trapezoidal

silicon steel magnetic concentrators

KF a @ a3
1 0.6 0.8 0.1
2 0.7 0.9 0.2
3 0.8 1.0 0.3
4 0.9 1.1 0.4
5 1.0 1.2 0.5
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Table 5 Orthogonal experimental simulation results

Era=s a, a, asy (1] 35 FL HS WAL/ m V
1 0.6 0.8 0.1 19. 8
2 0.6 0.9 0.3 14.3
3 0.6 1.0 0.5 7.0
4 0.6 1.1 0.2 14.2
5 0.6 1.2 0.4 7.5
6 0.7 0.8 0.5 8.1
7 0.7 0.9 0.2 18.5
8 0.7 1.0 0.4 9.5
9 0.7 1.1 0.1 15.9
10 0.7 1.2 0.3 10.3
11 0.8 0.8 0.4 10.3
12 0.8 0.9 0.1 16.6
13 0.8 1.0 0.3 12. 1
14 0.8 1.1 0.5 4.8
15 0.8 1.2 0.2 13. 1
16 0.9 0.8 0.3 12.8
17 0.9 0.9 0.5 5.4
18 0.9 1.0 0.2 13.6
19 0.9 1.1 0.4 6.4
20 0.9 1.2 0.1 13.1
21 1.0 0.8 0.2 12. 4
22 1.0 0.9 0.4 6.3
23 1.0 1.0 0.1 11.8
24 1.0 1.1 0.3 7.5
25 1.0 1.2 0.5 3.1
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waveforms pre- and post-optimization
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Table 6 Orthogonal test analysis table

bl a; a, a,
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Kl 12.56 12. 68 15. 44
K2 12. 46 12.22 11.4
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Fig. 8 Block diagram of the experimental setup
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