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Optimal design of metal detection system based on laser-coil only EMAT

Guo Wei Shi Wenze Lu Chao He Pan Chen Guo Liu Yuan

(Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: In the process of aluminum alloy casting and high temperature rolling, non-contact nondestructive testing technology is used to
realize online monitoring and detection, which is of great significance to reduce production costs, ensure the continuity of production
lines, and improve product yield. Firstly, the finite element model of the laser EMAT testing process of aluminum alloy, which is excited
by pulsed laser beam and received only by the coil electromagnetic ultrasonic transducer (EMAT) , is established. The influence of water
film surface restraint mechanism and silicon steel magnetic structure on the amplitude of excited multi-mode ultrasonic wave is analyzed.
The influence of the outer diameter, inner diameter, wire diameter, number of layers of the excitation coil and the receiving coil of the
coil electromagnetic ultrasonic transducer (EMAT) only on the ultrasonic receiving efficiency is studied. Secondly, the Laser EMAT test
of aluminum alloy was carried out to verify the influence of water film surface constraint mechanism, coil only EMAT design parameters
and silicon steel magnetic focusing structure on the detection echo amplitude. The results show that the ultrasonic echo signal amplitude
increases by 37. 76% and the signal-to-noise ratio increases by 17.3 dB when silicon steel is used as the magnetic back plate of the
excitation coil under the constraint of the water film surface. When the laser energy is constant, the spot size is constant, the outer
diameter of the excitation coil is 12. 3 mm, the inner diameter is 1. 6 mm, the wire diameter is 0. 4 mm, and the number of layers is 2,
the coil impedance is consistent with the internal resistance of the circuit. The coil obtains the most energy and provides the strongest

radial bias magnetic field. When the outer diameter of the receiving coil is 14.1 mm, the inner diameter is 1.7 mm, and the wire
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diameter is 0. 26 mm, the ultrasonic receiving efficiency is the best.

Keywords : aluminium alloy; Laser-EMAT; water film surface constraint; coil EMAT only; optimal design
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Fig. 1 Laser electromagnetic ultrasonic laser excitation

and coil EMAT receiving mechanism
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Fig.2 Drive module of coil type EMAT excitation circuit
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Fig.3 Optimal design of metal detection system
based on laser-coil only EMAT
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Table 2 7075 aluminum alloy material characteristic parameters

ZEas mER/(Sm™) W31

1 AR/ GPa

HEL/N VA %:E/(kgm’})

7075 $ A4 2.49%107 1

71.1 0.33 2 810

R A BROT R s S O A A 8l A 2k Fel =X
EMAT 3R SRR i R A7 BROCAS L AN 8] 4 PIrzs . A
TN SR R AR BROCRE R, TERR G &
TR T R TS B A B OO E RE RS A

HE A alRE Y TROKZ Bk SR AR B e fiE DX 0
WIS A R 43, AR R/ A 0.1 mm, 28 SRS S T ATE
FR T PR IR R 1 37 V5 0 R Al B, 23 <R JEBR T I Dl
G2 AR R R R A i = AR A o3, s
AR TCBRITTI A R R4 HTT R 2 mm , Jal 2 Bl A
W £ Pl S 1 e R A AT 0. 02 mm,, 5 R U L 4R
JEK A I A8 R B A T 1 SR AR JBE, AR R A i URE L i
TET il s £ P R 22 Wi 2 Pl 1) 5 iy Bt B O e ke IX Bk
P Z AT M2 A4, 4 KBS TR )20 K

0. 01 if, A7 BROGIHHH 45 L0l iU SER

55 p—> fefEEssEsEsEaRaRss:
50
45
40
35F

£ 30 F

E25F

N
20 F
15 F
10 F

s5E

BAEERR | ERLR

L BOEMRK
el

0 10 20 30 40 50 60 70
r/mm

B4 WO EMAT 4 R ICHs
Fig.4 Finite element model based on laser-coil only EMAT
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