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Abstract

In this paper, a non-contact method of evaluating the thickness reduction in an aluminum sheet caused
by corrosion and friction using SH-EMAT (shear horizontal, electromagnetic acoustic transducer) is
described. Since this method is based on the measurement of the time-of-flight and amplitude change of
guided waves caused from the thickness reduction, it provides information on the thinning defects.
Information was obtained on the changes of the various wave features, such as their time-of-flight and
amplitude, and their correlations with the thickness reduction were investigated. The interesting features in
the dispersive behavior of selected guided modes were used for the detection of thinning defects. The
measurements of these features using SH waves were performed on aluminum specimens with regions
thinned by 7.2% to 29.5% of the total thickness. It is shown that the time-of-flight measurement provides
an estimation of the thickness reduction and length of the thinning defects.
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Fig. 4 The aluminum sheet specimen geometry

= B3 4l EMATOl HuUiA SH3E 24
aglxn TAE SHI= 5Ye ?‘ﬂﬂm EMAT
2= o] zﬂ%ﬂz(wmm A TFHHE T AEH
] 233 (LecroyAh) ¢ AZ = o
o] gl 4 fr—f* —f'céi e FIY F UEF
3tk Fig. 32 SH-EMAT AlA ¢t EMATE
AE Z sl Aol
P Aol FARslol| o3t HH S SHute
BAE ﬁoﬁ 2 mm MH ST g vhgo] Ag
5

)=]
25

7 daE BE Aol 714 74Eat
At Fig. 4= FALSAT Ao 343 X452

61—94 /\] k2|

(=13

4. e

09
it

dFulE wEdA FARSE HrkebI9ds] SH-
EMATE o]&3st] Hf£o= SHIAE & - F4lekd
o} ol 253 HA/EAMe Fak WHelE 0.1~5
MHzelth SHuEe] 7R Fakee o] 2491 SAH=
oA ST PSR BARRE R f glon,
SHe] o}g] = oA SH;, SHy REZ A
Al o] 229 BAAERRE 71 Fues A3 sl
Ak, odE 59 34o] 4.30 mm?! SH; 2= % i
al7] $1g 7B FukeE 2,17 MHzolth 3+ e
SH-EMATZHA2 251.5 mm& ato] ¥]]- ?HXl 2]
o= SHIE & - letlon gEake dxe 2

—_—

196

10,000
8,000 -
6,000 -

4,000

Cplm/s]

2,000 -

0
0
3,500

3,000 -

2,500 -

2,000 -

Cglm/s]

1,500

1,000

f-d[MHz-mm]

Fig. 5 Phase and group velocity dispersion curves
for SH waves, showing the excitation line
for the 4.30mm-wavelength EMAT for the
2 mm aluminum sheet
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Fig. 7 Group velocity dispersion curve of SH; mode
and symbols, showing the calculated group
velocity obtained by SH: mode waveforms

Table 1 Calculated group velocity and standard
deviation of SH; mode with thickness

reduction
Wavelength(mm)
Real 3.18 4.30
thickness
reduction Calculated Standard Cal§}11ated Standard
group L. group L.
(%) velocity deviation velocity deviation
(m/s) (m/s) (m/s) (m/s)

0 2492.86 0.59 2169.08 3.18
7.2 2364.36 1.40 1948.24 11.87
16.7 2098.53 20.70 1500.33 8.76
29.5 1440.32 8.55 N/A N/A

Table 2 Experimental results from evaluation of
thickness reduction for a defect about
SH modes with wavelength 3.18 mm

Real Calculated 95%

Mode thickness | thickness | Difference | confidence
reduction | reduction (%) interval

(%) (%) (%)
SHi 7.2 10.95 -3.75 0.18
SH» 7.2 6.77 0.44 0.15
SH; 16.7 15.85 0.88 0.50
SH» 16.7 N/A N/A N/A
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Table 3 Experimental results from evaluation for o] &3ttt o] AdAERE SH),, SHy EE=g 9
length of thickness reduction about SH 83}0] m—eroﬂ;q 95% &8z TALSS Hu o

modes with wavelength 3.18 mm

Real Real |Calculated 95%
. length of | length of | ..
thickness|,, . . Difference| confidence
Mode . |thickness| thickness .
reduction . . (mm) interval
(%) reduction| reduction (%)
(mm]) (mm)
SH; 7.2 29.01 20.99 0.83
SH» 7.2 56.76 -6.76 2.55
50
SHi 16.7 61.70 -11.70 4.46
SH» 16.7 N/A N/A N/A
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