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Research on the detection method of the steel plate with Lamb wave EMATSs
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Abstract: The guided wave EMAT detection of large metal plate components has the problems of low resolution and poor SNR of the
EMAT, which is challenging to be used for small crack detection. A multi-physical field finite element model of Lamb wave EMAT
detection process based on the Barker code pulse compression technology is established to solve this issue. Taking a 5. 6 mm thick steel
plate with prefabricated cracks as the detection object, the effects of permanent magnet width and height, meander coil turns, the bit
length of Barker code sequence, and subpulse duration on EMAT detection echo are studied by simulations and experiments. The
beneficial effect of pulse compression technology in Lamb wave EMAT detection is evaluated. After optimization, results show that the
SNR of the EMAT based on pulse compression technology is 9. 69 dB higher than that of the traditional tone-burst excitation method. A
small crack 10 mm long and 0.5 mm deep can be detected, and the SNR of the defect wave can reach 23.47 dB. When the center
frequency of the Barker code subpulse is 1 MHz, the Lamb wave packet after pulse compression presents mode separation. However, the
SNR of the A, mode defect wave can still reach 35.23 dB, and it has essential engineering application value for improving the detection
ability of the Lamb wave EMAT.
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Fig. 1 Meander coil EMAT conversion mechanism

based on Lorentz forces

B, & A OB B it R A S R Lamb S50 A
(1) IR 11825105 10 S5 A R B RE SE A8 RS T )
AR, TR R N DL AL B, T AR X B AR
A(S) T, 1024 DATETAM RS SRy S, 328 A KRR A
APV MG Lamb JAR 26 T 0, e BT ARA0 % h
0.25 MHz I IR T A, BESBURMAR, AT DL A, B
TR A, BRI K A R 10,28 mm i,
I, iR PEAIAR LRI d = A2, RICA S, 14 mm,

0.5 II.O 1.5
FiF /MHz
(a) M FE

(a) Phase velocity

2
£
o
hi)
2
-r 0.25 Mz
) I I L J
0 05 1.0 15
Pi# /MHz
(b) BEEE

(b) Group velocity

B2 R Lamb SO ZE
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Table 1 Parameters in the finite element model

ARt HfH AL HfE
MR E/ mm 300 YU/ (mes™') 5960
AR EJEE/ mm 5.6 BB FE#/ (m-s™') 3260
KRG /mm 68.5~102.8 £ R L 4 4~10
KA B/ mm 10~50 SV T 2~6
FLTEE/mm 0.15 FELEIFE/mm 0.3
HEORSE/mm 0.5~3 LT L/ mm 1

AN S 1.04

AR 5 % 100 71(12%?1?%%‘:@/ 0.714

AR/ (kgom ™) 7932

IR S 3/ (MS-m ™) 8.4 THE AT 388 5/ T 1.2

LR 1 G4 SR/ (MS-m™') 26.67

1.3 Barker 58k & & 03 K Sk HE

Barker A& — 52 FH (4 A0 57 it , 388 4o Bof A 2
AL JE Y R SE A5 S , I 2R VT Iie 45 I i 45, il B0
S EL IR B R ARG BE ) P B 4(a) R 13 4
Barker RN (5 5, H k6l ¥ 50 1 1,1,1,1,1, -1,
-1,1,1,-1,1,-1,1} , - RHA LM% 0.25 MHz #F

LR )

ZEMFIE] 2 12 s HYBS 0, 1108 3 P A7 IR OC R 7 Y



120 o A E ¥ 43
 E
N
)
1
i T
o
(a) EMAT4b M #% 414k (b) @%Fﬁ&blﬂ*&éﬂ]ﬂ:
(a) Mesh refinement around EMAT (b)) Mesh refinement around defect
HLIR YL BE/(A-m 2)
r’g 1 %106
3 10
g 3
£ ’s
) , B-10
-200 0 200
X/mm
() 128 B2 el 3% L 25
(d) Eddy current density
[ ) Pl
AL /mm <107 ALFE/mm <107
20 2 20 2
£ 0 | 1 E 0 ) 1
£-20 0 =20 0
—40 *; —40 —;
-60 a —60 B
-100 0 00 200
X/mm Xmm
(e) 12 pshf, FAFE WAL IE 2 BIO T FIRLES) () 71 usht, [ #0722t B i = B (5 AL B)
(e) Ultrasonic propagation clpoud picture (f) Clgud picture (y-direction displacement)
(y-direction displacement) at/12 ps f ultrasonic propagation at 71 ps
2 AL /mm 1 XlO 0 R /mm <1 ;)’9
£ 0 g 1
g — g -
£ 20 = —20 0
40 -1
—60 —60 -2
-100 100 200
x/mm X/mm

(2) 12 psht, BE AT = BT L)
(g) Ultrasonic propagation cloud picture
(w-direction displacement) at 12 ps

3 Lamb I EMAT #6034

(h) 71 pshf, HEFERL L BRI Z B (7 FIALE)
(h) Cloud picture (x-direction displacement)
of ultrasonic propagation at 71 ps

PR BROTAE Y

Fig. 3  Finite element model of Lamb guided wave detection process
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