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Abstract ; When the electromagnetic ultrasonic transducer (EMAT) is applied to the castings and forgings with coarse grains for fast and
online inspection, the signal-to-noise ratio (SNR) and range resolution of the ultrasonic echoes are low due to the influence of harsh
environments such as high temperature, large lift-off, and rough surface. To address the above problem, a finite element model for the
testing process of a racetrack coil EMAT is formulated, which is based on the chirp signal excitation. The orthogonal test table is used to
analyze the influence of EMAT design parameters, bandwidth and pulse width of the chirp signal on the peak and width of the main lobe
width of the detected echo after pulse compression. In this way, the optimal combination of EMAT parameters referring to the peak and
width of the main lobe are obtained, and they are evaluated by experiments. The detection capability of 0. 5 MHz tone burst signal as an
excitation with different synchronization averages for ®4 flat-bottomed hole is compared with that of chirp pulse compression with different
lift-offs and no synchronization averages. Compared with the SNR of the tone burst excitation with 128 synchronization averages, results

show that the SNR of the detected echo using the chirp pulse compression technology with no synchronous averaging from the ®4 flat-
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bottomed hole is increased by 6. 6 dB. In addition, the SNR of the pulse compressed signal from the ®4 flat-bottomed hole can reach 8. 0

dB with an EMAT’s lift-off of 3. 5 mm and no synchronization averages.

Keywords : casting and forging; electromagnetic ultrasonic transducer; pulse compression; signal-to-noise ratio; range resolution
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Fig. 1 Configuration and the lorentz force conversion

mechanism of the EMAT with a racetrack coil
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IR TRBEVR KRG P RN chirp {55 chirp
K SERE wEE MIBE SEEE O MUEIEE AR Sk
w,/mm h /mm d, /mm w/mm d/mm B /MHz P /ps

1 20 10 2 15 5 0.3 30
2 30 20 6 25 10 0.4 40
3 40 30 10 35 15 0.5 60

H42%
Wc
I g
Bt
hc
w d
w
N S o
h, Ktk \
N |,

S
R @eee® @oee@@® e ——
. {.K"* e O i

l

L3

s

€

Fl2 BB EMAT &S HUR B
Fig.2 Diagrammatic sketch for design parameters

of the EMAT with a racetrack coil
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Fig.3 Finite element model of the EMAT with a racetrack coil
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Table 2 Electromagnetic properties of materials

used in the finite element model
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Fig.4 Transient contours of ultrasonic propagation

in the carbon steel specimen
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Fig. 5 Comparison of open-circuit induced voltage signals

before and after pulse compression from the racetrack coil EMAT
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Table 3 Orthogonal test table of EMAT 7 factors and 3 levels
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1 20 10 2 15 5 0.3 30 0.91 8.25
2 20 10 2 15 10 0.4 40 0.67 6.43
3 20 10 2 15 15 0.5 60 0. 65 5.12
4 20 20 6 25 5 0.3 30 0.90 8.22
5 20 20 6 25 10 0.4 40 1.01 6.37
6 20 20 6 25 15 0.5 60 1.04 5.21
7 20 30 10 35 5 0.3 30 1. 00 8. 11
8 20 30 10 35 10 0.4 40 1.19 6.36
9 20 30 10 35 15 0.5 60 1.34 5.23
10 30 10 6 35 5 0.4 60 2.93 6.43
11 30 10 6 35 10 0.5 30 1.27 5.06
12 30 10 6 35 15 0.3 40 1.48 8.21
13 30 20 10 15 5 0.4 60 1.07 6.51
14 30 20 10 15 10 0.5 30 0.51 5.10
15 30 20 10 15 15 0.3 40 0.56 8.28
16 30 30 2 25 5 0.4 60 2.49 6.41
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Fig. 6 Influence of the design parameters of the EMAT and the chirp signal on the peak value of the main lobe after pulse compression
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Table 4 Combination parameters of the EMAT and the chirp signal with the main lode of the maximum and minimum peak
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Table 5 Combination parameters of the EMAT and the chirp signal with the main lode of the maximum and minimum width
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Fig. 8 Experimental system of the EMAT with

a racetrack coil

TEAE/V

& 8 BT, SR FHEAA MU TB £k JBl EMAT 3k il & W
TALVE R, wT LS BB 4 bk ol i S R, R I 3] 11
IR RS R A Zad il gd o TR UE Ik £ AR

0 100 200 300 400 500

OR300 52 BLIE B 5 05 5 KR, th Bl R 4 R W 1/
(LT 4 PC ML th T3 0 B 18 28 B EMAT 3l (a) ERUAE RS HAL AR NE [ FHRAA S

(a) A-scan signal with no synchronized average referring to the

fmf H,‘j( ‘(;I:}iﬁj‘it 1:(1\ {mﬂ Hj‘ , j(j‘ )\jz i0] {%‘ [];i"é It ﬁ FZHn :[‘j% T A[?,)“( ’E combination parameters with the main lobe of a maximum peak



A0 SCHEE A5 R T K A8 BOR ) i SR BB R 2 P EMATT A 5 vk F 5 93

SNR=34.6 dB

L 1 2 L 1 1 1 1
50 100 150 200 250 300 350
i [ /s
(b) EL kb K475 FRGEE R RSB AXMMES
(b) Pulse compressed signal referring to the combination
parameters with the main lobe of a maximum peak

SNR=20.1 dB

05 v

-0.5 A M

50 100 150 200 250 300 350
) /s
(c) BMkpi FE4GE J5 MR iR/ S BUH S RS S
(c) Pulse compressed signal referring to the combination
parameters with the main lobe of a maximum/minimum peak

B9 EIRIEE R R\ /MW EMAT A1 chirp {5519
A G X R R I A 5
Fig.9 Comparison of the experimental signals referring to
combination parameters of the EMAT and the chirp

signal with the main lobe of a maximum/minimum peak

A3 VB I 58 FE e/ N/ B KK EMAT Fil chirp 155 (1)
SR A BRI RS 28 Dk b P 4 J 0 A A 1 A 2%
2% IFIE T — R AL FRN I 10 Fron, I 10 A S 3
I TE R Fe R EMAT FI chirp 155 B9 25040 & 6T 107 10 4
PRI F I TEE 6. 65 ws ALY, T R/ NS R
20 G R I A R B B AT LA/ 44, 5%

1.00
0.75F

50
=

0 . . . .
118 120 122 124 126 128 130 132
i /s

B 10 FE0 98 B i K \ /NI EMAT Al chirp {5549
SR A I LE TN
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