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Non-contact Ultrasonic Technique for the Evaluation
Wall Thinning of the Plate
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Abstract Ultrasonic guided waves are gaining increasing attention for the inspection of platelike and rodlike
structures. At the same time, inspection methods that do not require contact with the test piece are being
developed for advanced applications. This paper capitalizes on recent advances in the areas of guided wave
ultrasonics and noncontact ultrasonics to demonstrate a superior method for the nondestructive detection of
defects thinning simulating hidden corrosion in thin aluminum plates. The proposed approach uses
EMAT (electro-magnetic acoustic transducer) for the noncontact generation and detection of guided waves.
Interesting features in the dispersive behavior of selected guided modes are used for the detection of plate
thinning. It is shown that mode cutoff measurements provide a qualitative detection of defects thinning.
Measurement of the mode group velocity can be also used to quantify depth thinning.
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Fig. 1 Wave generation mechanism of the EMAT

EMATS =30 A2A7H =4 A3z, =2
Ao wEAFE EHAINYE B7] Fol A71FE B
Astel SAEEL AA SAW A7) T4
o mAUe A7 Maxwell W45 Ax7]2
AAZA 98 78 4 Aok =AY AT He
wlololx A4 Agse GH AFY f2 FAh
f= 2z J(FD), A=), A ()
o FAYon, 27 thee] Heoz AW

P =J.xB, o)
£ = (VH) - My @
fM=v - (e H) ®)
A7A, JEe =4 ol washE shafols, WY

HABE TZAS Maxwell W42, Je= rotHS 2R
ART) ev ANAF WHEN 2F Hel 23]
S A 0,2 AW 2




ok AALelEl A A 25 A Al 4 5 (20054 89) 289

oA71N, we ZE&THAA] W, T gu

EMATS] o3 A48he Jelo] 2237} Solow
ZEAVe AL 229 WY w2 dWEHI, oA
czRE WAHA A B B sAwe 3
2
Eza”ﬁ% < B, ©)
B=pyu - (H-Myv - u)+e- e )

A7IAM, o AFRE, oo AVAES, pE %

N

1, gt MEAGENO| B o, Al
e AABFUARA 2ove] 9T el o
AsdEe] WHe BE AW 4 (@7 2k

ok

0B
T ®)

Magnet

Meander Coll Lamb wave EMAT |

Fig. 2 Structure and coil of the general EMAT for
the Lamb wave

21 (6)7 4 (7)2 Maxwell WA, yotE= dB/ots}
J=rotHg AH&3te] mAfel A He A7)
E7} @ojRith o]zle 4 (99 A (1009 HF3he
SAEH g AAxAE U, EMATS] =2

Yol FrFNA ] M7 EUe} H2 W

no % (E“" — E) = V,(Bf — By) )
nox (H —H)+n' x (H" —H) =0  (10)

iy
=

g2dx= 3L o]&sty HI}(Lamb-wave)E
e A9, Aupiekd] didl AR e
94 gAvith gle] Wakg 180°% Wb el
3t} Fig. 29} & 7329 EMATS Hhgto|
b gslr wAEa, )
Haprp dAske} Lambitel £Rstg EMATS

2 PasAe g out B Fus 59

[

i

N
Ho
e
2
=2
2
o
ol
°)

ofo
ol
Lo
fd
X
ofi
o
rir
2
al
o
it
o
=2
=)
=
2
£+
ol
ofc
o
2 &
2=

o oo N f o oo il o o

)
2
e,

=
p
2AY & gow Biae &

~
I
~
Do
S
=y
=

3. R==ZmAAlRl olh

A d=2h) ARAADE AFse BG4 T7E,
o] 2 gelzl uiel 2ol Rayleigh-Lamb b4
WX o2 RE fEEM, 4 (12)9F 2ull]

tan(ph _ 4k2Qg -l (12)
tan(qh) g’ —k*?

1>
[
frt
-z
o
&
ﬁ
)
-0,
”
o
M
=
2,
k1
i
e
o
4
32

E RMRE HeZFt agM i ST,

c i UEE, fo T, do Be) S,

Frzgae o&3 #e A A5 A=
o] FA gell me BEe) A Eel rxsia
itk 53], dutree] fEE 3 &Rt Tt
o] A w2} FAZE Fohd A

AT FA wxe UG A5 AFEE
of o3 dgHer R=g Add & ok A
$=E EMATY spgst gajds el o) A
Bed 5 ogloh gekH o dAFEsLe) WMEg o
g3 the R=EsS 7hNE § Ao FA 2



o
e
BN
o
oy
ofy
Ho
HN

%9 FH AR ANAE 2z 2
AsREe B BN} BT B ATIAL,
e AT B2 RE AL, PEHE
g ol g3l FA 7H5E HUhskA "

_1a i

g 12 N2 f\z

2 ‘ \

E 10 \

£ A

= 8

g o ——

2 4 B e

@

& 2

&

% o5 1 15 2 25 3 35 4 45 5
f-d (MHz-mm]

B

2

H

£

=

38

2

o

2

© 25 3 35 4 45 &

fd [MHz-mm]

Fig. 3 Dispersion curves for traction—free aluminum
plate (c=6.35 mmjusec, c¢r=3.13 mm/ rLsec),
S=symmetric modes, A=antisymmetric modes.
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Fig. 5 Scene of Experimental system
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Fig. 8 SO time histories in the 2mm plate for a
defect-free and the 10%, 20% and 30%
thinning defects.

Table 1 Measured group velocity and relative
change with respect to defect-free values
for the 2mm plate

Mode SO
ce (mm/ psec)  ac, (%)
Defect-free 1.99 0
10% thinning 2.05 -2.93
20% thinning 2.11 -5.69
30% thinning 2.16 -7.87

§  defectiree
& Ad=10%
& a0t
Y

=)

Cg [mm/psec]
~

15 175 2 225 25 275 3
f-d [MHz-mm]

Fig. 9 Group velocity dispersion of SO-mode
curves and symbols  represent the
experimentally  determined group  velocity
values for the 2 mm plate.
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