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Radiation sound field analysis of line-focusing angled SV wave EMAT
in thick-walled pipeline

Zhang Jin', Dong Zihua', Shi Wenze’, Wang Xuebin', Wang Xin'

(1. PLA Army Academy of Artillery and Air Defense, Heifei 230031, China; 2. Key Laboratory of Nondestructive
Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China)

Abstract : Due to the indeterminacy of the influence of the curvature radius of the curved detection surface on the radiation sound field of
angled SV wave EMAT, the deviations would occur in the defect detection capability and defect quantification/ positioning accuracy of the
thick-walled pipe line-focusing angled SV wave EMAT. The finite element model for the radiation sound field of line-focusing angled SV
wave EMAT based on plane/convex detection surfaces is established, the influences of the factors such as the curvature radius of the
convex detection surface, number of turns of meander-line coil and design initial angle on the main lobe peak and width are studied.
Subsequently, the detection results for the convex detection surface are compared with those for the plane detection surface. The results
show that compared with the plane detection surface, the convex detection surface plays a role of focusing ultrasonic wave, which is
specifically manifested by the increase of the main lobe peak on the focusing side by 22. 76% and the decrease of the main lobe width by
10. 56% . When the number of turns of the meander-line coil is increased to more than 28 turns, the increase of the number of turns of
the coil has a limited effect on strengthening the main lobe peak. When the curvature radius is 1. 485x10™" m, the design initial angle of
the coil is 10 ° and the number of turns of the meander-line coil is increased from 10 to 28, the main lobe peak of the line-focusing SV
wave increases by 102. 56% , and the main lobe width decreases by 57.99%.
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Fig.1 Transduction mechanism of angled SV wave EMAT
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Fig.2 Coil design principle diagram of a line-focusing
angled SV wave EMAT
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Fig.3 Amplitude of the SV wave radiated by the

single turn conductor
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Fig.5 Finite element model of line-focusing angled

SV wave for the convex surface
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experiment of line-focusing angled SV wave EMAT

S8 Bty
AT % £/ MHz 2
Pl #42 R/m 1.485%x107!
Iy T ARG TR £ 2 R AR 42 7/ m 0.06
S TET A 0 TR A2 BB R AR 7/ m 0.1
AT AR 0 TR P 00 e ] B 1/ m 5%107°
ST TSI T ) TR /m 0.01
W5 PALL P L TERE h/m 1.5x107
PI4T AL B LRI BE d/m 3x107*
LR AL n/ T 16~40

AR T (KxTEx ) /10 m 59%38%8

LR AR AL SV YrH 7 SR AN 9 B R

s a0 m

1=5x10m
3 4

(a) 174 A Y T

(a) Convex detection surface

g

= 4
Y 3
\ g /
w3k
(b) P~ A 300 T
(b) Plane detection surface

BT 7 i i B

.7 Schematic diagram of sound field measurement

Fi

—
oe

Bl 8  RAF[HFE P ikt
Fig. 8 Design diagram of the meander-line coil with

unequal spacing

Aligent 33 120 A {55 K A= #53Uih 2 MHz 19 1E 52 bk v &2
it RIEC GA-2500 A = )3 1458 RF Jik e K 45 X5 A5
SHEFTOR , 28 BELAT DT Be K =5 4 L I 4 A 21 LF-EMAT
PR O AR R S S I BNE S B A
B JEJEES A Olympus 5072PR #4738 I A R e 5 1Y
B9, F B R4 R 58 BB 48, K 45 16 ATt
FHL LY LabVIEW B4 R 5 4 14, DT 58 1l 8540 SR 4 |
POV BoR BEAE ., LIRS A BiE5 W
& 10 s, B 10 (a) Bz B 7 (b)) Hh-F- T e )
KA 5 SRR A HES, - 10(b) Fish



154 % # N R ¥ W ¥ 418
B 7 (Ca) A AR T2 R AR B A 7 SRR RN A B 1.00
i e
=] o . ,D‘J-ﬁ
BH 5L i IS ’ I 0.75 |-
= 7.38°
2 50 | e
LF-EMAT , , 311 050
S o
R S X LabVIE
- |ﬁ¢ng | 55 U | ﬁmwﬂ
025 |
e 508 ; , .
. . et ST e -90 -60 =30 0 30 60 90
o RGN T £k SR AR AL AT SV I A B L R G FRE(°)
(a) PRSI 3055 B 45 S0 B

Fig. 9 Sound field measurement experiment system of

line-focusing angled SV wave for convex detection surface
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directivity results of the radiated sound field of

Comparison between the simulated and measured

line-focusing SV wave
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Fig. 12 Comparison of the radiation sound fields of

line-focusing SV wave for different detection surfaces
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Fig. 13 Directivity comparison of line-focusing SV wave

sound field between plane and convex detection surfaces
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Table 3 Comparison of radiation sound field parameters

BN 10.56% , &

between plane and convex detection surfaces
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