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Optimum design of coil in electromagnetic acoustic shear wave transducers

YANG Nengjun FENG Lifa TANG Xuming ZHANG Xianyu YAO Chunjiang

(Section 304 of Rocket Force University of Engineering, Xi’an 710025, China)

Abstract In order to improve the characteristics of transverse wave stimulated by electromagnetic acoustic
transducer in stainless steel made by 1Cr18Ni9Ti, an optimization method using orthogonal test was introduced.
Finite element mode of transverse wave electromagnetic acoustic transducer (EMAT) was established. The
orthogonal test and extreme difference analysis were applied to consider the parameters of the coil, which
impact on the near field length and half diffusion angle of electromagnetic acoustic transverse wave. The result
shows that the frequency of exciting current and the size of coil have obvious influence on the propagation
characteristics of the shear wave. Increasing the frequency will increase the near field length and decrease the
half diffusion angle of the shear wave. Reducing the width and spacing of the wire to reduce the size of the coil
can effectively improve the propagation characteristics of the shear wave.
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Fig. 1 Schematic of the EMAT model
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Fig. 2 The section of mesh refinement region
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Table 1 Parameters level of coil

Ri(Ferba = 1,2, 373 Bl 3Rom 2 R U= TP AR R 1) 7K
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FRAR IR o 105 P OH 55 S FE AR O ZE R, AR
A2 R DR /0N T ) B S 5% D] 35 T F T 7 A 9 AT L
RRVEFRARRE I (K /N o 2 4 N IEAS IR0 T 7 K

hs/mm  w3z/mm di/mm  fo/MHz n/A
1 0.035 0.25 0.2 1 1
2 0.07 0.5 0.4 2 2
3 0.105 0.75 0.6 3 3
*x2 ZESWIENRRE
Table 2 Orthogonal test of coil parameters
hs/mm  wz/mm dy/mm  fo/MHz n/4
1 0.035 0.25 0.2 1 1
2 0.035 0.5 0.4 2 2
3 0.035 0.75 0.6 3 3
4 0.07 0.25 0.2 2 2
5 0.07 0.5 0.4 3 3
6 0.07 0.75 0.6 1 1
7 0.105 0.25 0.4 1 3
8 0.105 0.5 0.6 2 1
9 0.105 0.75 0.2 3 2
10 0.035 0.25 0.6 3 2
11 0.035 0.5 0.2 1 3
12 0.035 0.75 0.4 2 1
13 0.07 0.25 0.4 3 1
14 0.07 0.5 0.6 1 2
15 0.07 0.75 0.2 2 3
16 0.105 0.25 0.6 2 3
17 0.105 0.5 0.2 3 1
18 0.105 0.75 0.4 1 2
2.2 MMUERSH

LR

#=3 ENREHER
Table 3 Orthogonal test result
RIS EBHKE/mm BEEUA/(C)

1 8.2 19.1
2 11.2 19.4
3 48.6 17.0
4 5.6 10.2
5 39.0 10.1
6 24.5 35.5
7 9.3 22.8
8 39.6 22.9
9 17.9 11.0
10 15.6 8.6
11 10.2 24.6
12 41.9 24.4
13 35.0 6.1
14 6.8 29.0
15 27.8 20.6
16 24.3 17.5
17 38.3 7.3
18 7.2 30.9

*4 EXREHEIHKELSR
Table 4 Orthogonal test results of near

field length
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Fig. 6 The influence of various factors on the length of shear wave near field
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Table 5 Results of semi-diffusion Angle in
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Fig. 7 The influence of various factors on the semi-diffusion angle
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