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Electromagnetic Acoustic
Transducer Testing (EMAT)

* Advantage
+ quickly scan
+work at high temperature environment
+ non-contact to objects
+.....

[ #SHEI =2 HERRA 3

Experiment principle

*EMAT is composed of a set of permanent
magnets and the receiving coil.
*EMATSs generate ultrasonic power:
+for non-ferromagnetic material, EMAT generated
ultrasonic by Lorentz force
+for ferromagnetic materials, EMAT generated
ultrasonic by magnetostrictive force.
+ The EMATs generated wave mode type was
affect by direction of applied magnetic field, coil
geometry and electromagnetic frequency.
*This study applied magnetostrictive force to
generate Lamb wave on carbon steel pipe .
ISSHEZRu AN ¥ Sk, il
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Tuibe defect have four circumferential anle
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INTRODUCTION

»Chemical substance and gases easily
lead to pipeline corrosion

»pipeline corrosion may lead to
thinning and rupture, causing serious
safety concerns

>To find an effective detection
method

ISHEIR2NERRA ?

Compare four different defects

*In this study, we compare four
different type defects:
+The same defect length, but has
different defect depth.
+The same defect depth, but has
different defect length.

+The detect signal affect by the defect
location.

TSSHEE=2oRm *

Experimental Materials Processing

* prepared four steel pipe
+ASTM A106
+diameter 114 mm
+wall thickness 6.5 mm
+defects depth are 1/2T and 1/4T respectively. (T is wall
thickness)
+five defect length is 4cm and 15cm respectively,
+ Defect circumferential angle are 90° ~ 180" - 270" and
360° respectively, shown in Figure 3. The tube defect
depth is 1/2T.

[ #SHEI=2mEHRH 8

Detection method

»Used EMAT Scans software ‘Do Runs mode’

» The excitation coil T1 and T2 with Lamb waves
transmission to the receiving coil

» T1is around the tube top, T2 is around the tube
from bottom to top.

n

T2




Results and discussion

*Defects
+ Same defect length : 15 cm,
+ different defect depth : 1/2T and 1/4T

amplitudes

EMAT measuring il
I8SHEIR2 AR 0 i,

Results and discussion
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TOA amplitude(my)
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Comparative of T1 signal amplitude of
length 15cm
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Results and discussion
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Results and discussion

T1 route experiment
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T1 signal amplitude of defect depth

T1 signal amplitude of defect depth
1/2T. length 15cm

1/2T, defect length 4cm
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Results and discussion

T1 route experiment

T, e e, T e

TTE—
= B 88 EEE

T1 signal amplitude of defect depth
1/2T, length 15cm
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T1 signal amplitude of defect depth
1/4T, defect length 15cm

Results and discussion

T2 route experiment
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T2 signal amplitude of defect depth
1/4T, defect length 15¢cm

Results and discussion

*Defects

+ Same defect depth :
+ different defect length :

cm

1/2T,
4 cm and 15

*Compared the signal amplitudes

with T1 route
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Results and discussion
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Results and discussion Conclusion

* For the same defect length, the signal amplitude

et 1 T gap between with defect-free location is greater
— in the 1/2T defect depth than 1/4T defect depth,
< = so we can confirm that signal amplitude increases
H with defect depth.
i NN * For the same defect depth, the signal amplitude
£

gap between with defect-free location is greater
in the 15cm defect length than that in 4cm defect
length, so we can confirm that signal amplitude
W W oz % increases with defect length.

—— — *If tube has circumferential 270" and 360" defects,
: the wave propagation velocity will be affected
and the above relationship will be reversed.

-8 &s88E8

iparative of T2 signal
1/2T (dem, 15em)
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Results and discussion Results and discussion
T1 route experiment A —
i C

Mefects circemference angle

T1 signal amplitude of defect depth T1 signal amplitude of defect depth
1/27. length 15cm 1/2T, defect length 4cm

E of T1 signal amplitude of length
15cm, 4em (1/2T)
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Abstract
In addition to a considerable amount of machinery and equipment, intricacies of the
transmission pipeline exist in Petrochemical plants. Long term corrosion may lead to
pipeline thinning and rupture, causing serious safety concerns. With the advances in
non-destructive testing technology, more rapid and long-range ultrasonic detection techniques
are often used for pipeline inspection, EMAT without coupling to detect, it is a non-contact
ultrasonic, suitable for detecting elevated temperature or roughened e surface of line. In this
study, we prepared artificial defects in pipeline for Electro Magnetic Acoustic Transducer
Testing (EMAT) to survey the relationship between the defect location, sizing and the EMAT
signal. It was found that the signal amplitude of EMAT exhibited greater signal attenuation
with larger defect depth and length.. In addition, with bigger flat hole diameter, greater
amplitude attenuation was obtained. In summary, signal amplitude attenuation of EMAT was

affected by the defect depth, defect length and the hole diameter and size.

Keywords: EMAT, Artificial Defect, NDT, Ultrasonic Testing.

I. Introduction

In the oil, gas, chemical transporting process, pipeline plays an important role, it transports
many dangerous substances. Pipeline damages account for the highest proportion of
mechanical failures in the petrochemical industry[1-7]. Chemical substance and gases easily
lead to pipeline corrosion; defect or holes on the pipeline may lead to leakage .fire, or even
explosion. Pipeline has many corrosion types, such as void or cavity is the most serious defect

of pipeline.,Iit will increase the risk of leakage. For this reason, we must find an effective
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detection method, such as electromagnetic acoustic transducer testing (EMAT) technology
has been developed to detect outside surface corrosion of steel wire. EMAT have many
advantage, such as it can quickly scan, work at high temperature environment, and scan
non-contact to objects. In order to survey EMAT sensitivity on flaw size detection, we
prepared many different flaw sizes in sample pipelines, investigate their effects on the EMAT
detection results.

In this study, we compare four different type detects:

(1) The same defect length, but has different defect depth.

(2) The same defect depth, but has different defect length.

(3) The detect signal affect by the defect location.

II. Experiment principle

Generate electromagnetic ultrasonic principle

Electro Magnetic Acoustic Transducer is composed of a set of permanent magnets and the
receiving coil [8]. EMATs can generate ultrasonic power in two different ways: for
non-ferromagnetic material, EMAT generated ultrasonic by Lorentz force; for ferromagnetic
materials, EMAT generated ultrasonic by magnetostrictive force [3, 6]. EMATSs can also
generate Lamb wave, Shear Horizontal Polarization (SH), Shear Vertical Polarization (SV)
[4]. The EMATS generated wave mode type was affect by direction of applied magnetic field,
coil geometry and electromagnetic frequency. This study applied magnetostrictive force to
generate Lamb wave on carbon steel pipe [9-11].

III. Experimental Methods

1. Materials Processing

In this study, we prepared four steel pipe (ASTM A106), tube diameter is 114 mm, wall
thickness is 6.5 mm, circumference is 360 mm. Defects was made by milling machine, tube
defects depth are 1/2T and 1/4T respectively, T is wall thickness. There are five defect length
is 15cm, tube defects depth of 1/2T, shown in Figure 1. The defect length is 4 cm, shown in
Figure 2. Defect circumferential angle are 90° ~ 180° ~ 270° and 360° respectively, shown in
Figure 3. The tube defect depth is 1/2T.

45%%2mm -, i

Figure 1 testing tube with defect length 15cm
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Figure 2 testing tube with defect length 4cm
NN o o 0 o S
r_.::.-'_:i‘ .z\.c\:.'-t:_,r"l‘,}l g \".:"\‘ i 2 \"\\. / {\l""'t
1IN D N/ \
7 ) o b | | | k )
N / /f \ ,nf;;f \\ £/ \ /]
f A 7, b R ) ¢ '
4’14,} L?: r’j /4 ! «x“:_f' ?";.:I;E;if,«c-- "**'4':{ Jr_?"frx;f_; £ o
a0 180° 7’ A0

Figure 3 tube defect have four circumferential angle

2. Detection method

In this study, we used EMAT Scans software ‘Do Runs mode’ to show the defect signal, the
‘Do Runs mode’ apply the phase, amplitude scan recording pattern, shown in Figure 4. The
excitation coil T1 and T2 with two kinds of Lamb wave transmission to the receiving coil, T1

is around the tube top, T2 is around the tube from bottom to top.

v \

T2

Figure 4 EMAT wave delivery route

IV. Results and discussion

1. Same defect length, different defect depth

Tube defects depth are 1/2T and 1/4T, defect length is 15 cm, compared the signal amplitude
of 1/2T and 1/4T defect depth each other.

(1) T1 route experiment

Table 1 and Table 2 is data sheet of 1/2T and 1/4T defect depth, 15cm defect length
respectively, T1 measure defects from the tube top. Figure 5 shows the T1 signal amplitude of

1/2T defect depth, defect length is 15 cm. Figure 7 shown the T1 signal amplitude of defect
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depth 1/4T, defect length 15 cm.

Table 1 Data sheet of tube defect depth 1/2T, length 15cm, top, T1(unit: mV)

Defect angle | 90° | 180° | 270° | 360°

Defect signal amplitude 16 10 11 14

Signal amplitude difference 9 | 96 95 92

Note: tube without defect initial amplitude: 106 mV

Table 2 Data sheet of tube defect depth 1/4T, defect length 15cm, top, T1 (unit: mV)
Defect angle 90" 180" 270" 360°
Defect signal amplitude 25 15 16 25
Signal amplitude difference 45 56 55 46

Note: tube without defect initial amplitude: 71 mV

1/2T. 15L. TOP. T1 —¢— initial signal
—— defect signal
120 - -y - difference signal
1 * + * *
% 100 1 ARRRPERP Peneenoiiip
L5
5 801
g 60 -
= p
- ]
S 40
= |
20 l\.—./.
0 L L L
ag° 180° 270° 360°

Defects circumference angle

Figure 5 T1 signal amplitude of defect depth 1/2T, length 15cm

From Figure 6 and Figure 7, we found that at 90" and 180" defect angle, the amplitude of the
defect signal decline, but at 270 and 360° defect angle, the amplitude of the defect signal rise
may be affect by wave propagation velocity changes. Figure 8 shows the signal amplitude
difference of 1/2T defect depth is greater than 1/4 T, it can be confident, that the signal

17



amplitude affect by defect depth by T1 mode.

14T, 15L, TOP, T1 —— initial signal
—l— defect signal
120 - -/ - difference signal
100
= ]
T 80
= ] ¢ ° . .
2
e 60 | e A
5 ow| ° A
g |
= M, "
0 L s ‘
90° 180” 270° 360°

Defects circumference angle

Figure 6 T1 signal amplitude of defect depth 1/4T, defect length 15cm

15L (1/2T. 1/4T) ——T1(1/27)

120 -~ - T1(1/4T)
= 100
é ] *_/‘—‘\.
E 30 i
% ®0 7 < cr N O
s 1
[—1

20 -

() L L L
90" 180° 270° 360°

Defects circumference angle

Figure 7 comparative of T1 signal amplitude of length 15cm (1/2T, 1/4T)

(2) T2 route experiment
Table 3 and Table 4 is data sheet of 1/2T and 1/4T, T2 measure defects from the tube bottom.
Figure 9 shows the T2 signal amplitude 1/2T defect depth, defect length 15 cm. Figure 10
shows the T2 signal amplitude of 1/4T defect depth, defect length 15 cm.

Table 3 Data sheet of tube defect depth 1/2T, length 15cm, bottom, T2 (unit: mV)
Defect angle 90" 180" 270" 360°
Defect signal amplitude 15 12 14 18
Signal amplitude difference 55 58 56 52

Note: tube without defect initial amplitude: 70 mV
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Table 4 defect depth 1 /4T, defect length 15cm, bottom, T2 (unit: mV)
Defect angle 90 180" 270" 360°
Defect signal amplitude 15 13 14 23
Signal amplitude difference 55 57 56 47
Note: tube without defect initial amplitude: 70 mV

From Figures 8 and 9, we a found that at 90" and 180" defect angle, the amplitude of the defect
signal decline, bur at 270" and 360° defect angle, the amplitude of the defect signal rise may
be affect by wave propagation velocity changes. Figure 11 shows the signal amplitude
difference of 1/2T defect depth is very close to 1/4 T, but at 360° circumferential, 1/2T
amplitude signal slightly higher than 1/4T defect depth. It can be confident, that the signal
amplitude affect by defect depth by T2 mode.

—#— initial signal
1/2T, 15L, BOTTOM, T2 —m— defect signal

120 - - - difference signal

S 100 |

E i

Z 80

E | o * * .
= < 0 O T

ol I S
<« 40

o ]

T 20 .\.———./”.

0 L L L
90° 180° 270° 360°

Defects circumference angle

Figure 8 T2 signal amplitude of defect depth 1/2T, length 15cm
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1/4T, 15L. BOTTOM, T2 —¢— initial signal
—— defect signal

120 - - - difference signal
e ]
E 100 -
< i
w0
2 1 ¢ . * .
g 001 A froenenans A
| A
S 0
[ ]
207 .\.—./,.-
0 ' ‘ ,
ag° 180° 270° 360°

Defects circumference angle

Figure 9 T2 signal amplitude of defect depth 1/4T, length 15cm

16L (1/2T. 1/4T) —e—T2(1/2T)

120 - -G - T2 (1/4T)
g 100 1
3 807
L] -
S 40
[—q

20 ]

0 1
9%0° 1808 270° 360°

Defects circumference angle

Figure 10 comparative of 1 T2 signal amplitude of length 15cm (1/2T, 1/4T)

2. Same defect depth, different defect length
(1) T1 route experiment
Table 1 and Table 5 is data sheet of 15 cm and 4 cm defect length, 1/2T defect depth
respectively, T1 measurements for defects in the tube top. Figure 5 shows the T1 signal
amplitude of 1/2T, defect length 15 cm. Figure 11 shown the T1 signal amplitude of
defect depth 1/2T, defect length 4 cm.

Table 1 Data sheet of tube defect depth 1/2T, length 15cm, top, T1(unit: mV)
Defect angle 90" 180" 270" 360°

Defect signal amplitude 16 10 11 14

20



Signal amplitude difference 90 96 95 92

Note: tube without defect initial amplitude: 106 mV
Table 5 Data sheet of tube defect depth 1/4T, defect length 4cm, top, T1 (unit: mV)
Defect angle 90" 180" 270" 360°
Defect signal amplitude 32 17 18 25
Signal amplitude difference 58 73 73 65

Note: tube without defect initial amplitude: 90 mV

From Figure 5 and Figure 11, we found that the amplitude at 180", 270°, 360" defect angle is
very close. Figure 11 shows defect signal amplitude of 90" than the 180°, 270°, 360°". Figure 12
shows that the signal amplitude difference between without defect and 15 defect length,
greater than 4 cm defect length. It can be s confident, that the signal amplitude affect by
defect length by T1 mode..

12T, 15L, TOP. T1 —&— initial signal
—— defect signal

120 - -y - difference signal
S w0 ¢ ¢ ¢ N
g | A Aeweeniiip
& i
E 80
£ 60
® _
g i
o 4
[t ]

* ] .\-—./.

0 L L ,
9%0° 180° 270° 360°

Defects circumference angle

Figure 5 T1 signal amplitude of defect depth 1/2T, length 15cm
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Figure 11 T1 signal amplitude of defect depth 1/2T, defect length 4cm

1/2T (15L, 4L) TS50
120 --0- T1(4L)
- ]
CRLL IS S SN
T o)
2 ooy uneeeetr
g 601 o ©
= ]
< |
O 40
o ]
20_
0
90° 180° 270° 360°
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Figure 12 comparative of 1 T1 signal amplitude of length 15cm, 4cm (1/2T)

(2) T2 route experiment

Table 3 and Table 6 is data sheet of 15 cm and 4 cm, T2 measurements defects from tube
bottom. Figure 8 shows the T2 signal amplitude 1/2T defect depth, defect length 15 cm.
Figure 13 shows the T2 signal amplitude of 1/2T defect depth, defect length 4 cm.

Table 3 Data sheet of tube defect depth 1/2T, length 15cm, bottom, T2 (unit: mV)
Defect angle 90" 180" 270° 360°
Defect signal amplitude 15 12 14 18
Signal amplitude difference 55 58 56 52
Note: tube without defect initial amplitude: 71 mV

Table 6 Data sheet of tube defect depth 1/2T, length 4cm, bottom, T2 (unit: mV)

Defectangle 90" 180" 270° 360°
22



Defect signal amplitude 30 18 18 20

Signal amplitude difference 45 57 57 55
Note: tube without defect initial amplitude: 75 mV
VET, 4L, TOP. T ——T1 Initial signal
—8—T1 Defect signal
120 ] - <& - T1Difference signal
100 4
1 * + + >
= g
= . e 2 A
% B0 1 &
5 40
= ]
20 l\u——n/'
|:| 1 1 1
aor 120° 2700 2607

Deefect circumference angle
Figure 12 T1 signal amplitude of defect depth 1/2T, defect length 4cm

From Figure 13, we found that signal amplitude of 4cm defect length at 90" defect angle is
higher than 180°, 270°, 360" angle, the defect length of 4 cm, 180°, 270°, 360°the defect signal
amplitude is very close. Figure 14 defects angle of 90°, 15 cm signal amplitude difference
higher than 4 cm, but the amplitude of the other three angles are very close to the difference

signal. It can be confident, that the signal amplitude affect by defect length.

1/2T, 4L, BOTTOM, T2 —#— initial signal
120 —— defect signal
] - -4 - difference signal

£ 100 -
E ]
W
801 . . . .
=
g 601 Ao Prerennann, A
S w| &
= ]

»0 | '\.—.__".

0
90° 180° 270" 360°

Defects circumference angle

Figure 13 T2 signal amplitude of defect depth 1/2T, defect length 4cm
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Figure 14 comparative of 1 T2 signal amplitude of length 1/2T (4cm, 15¢cm)

Comparing detect defect T1 and T2 signal amplitude from top or from bottom

Table 7 and Table 8 is data sheet of the defect depth1/2T, defect length 15cm. Table 9 and
Table 10 for defect depth 1/4T, defect length 15cm. Tables 11 and Tables 12 for the defect
depth 1/2T, defect length 4cm, top and bottom measure defect amplitude signal data shown in
Figure 15 to Figure 20.

Because the EMAT sensor scanned to the defect-free place, so that the Tables 7 to 11 cannot
be show part angle. Because T1 and T2 distance is very close, so resulting in T1 and T2

defects signal amplitude is similar in Figure 16 to Figure 20.

Table 7 Data sheet of tube defect depth 1/2T, length 15cm, top (unit: mV)
Defect angle 90" 180" 270" 360°
Tl 16 10 11 14
T2 X 13 15 20

X: unable to measure

Table 8 Data sheet of tube defect depth 1/2T, length 15cm, bottom (unit: mV)
Defect angle 90" 180" 270" 360°
Tl X X 15 19
T2 15 12 14 18
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Table 9 Data sheet of tube defect depth 1/4T, length 15cm, top (unit: mV)
Defect angle 90" 180" 270" 360°
Tl 25 15 16 25
T2 X 15 16 25

Table 10 Data sheet of tube defect depth 1/4T, length 15cm, bottom (unit: mV)
Defect angle 90" 180" 270" 360°
Tl X X 18 25

T2 15 13 14 23

Table 11 Data sheet of tube defect depth 1/2T, length 4cm, top (unit: mV)
Defect angle 90" 180" 270" 360°
T1 32 17 18 25

T2 X 17 18 25

Table 12 Data sheet of tube defect depth 1/2T, length 4cm, bottom (unit: mV)
Defect angle 90" 180" 270° 360°
Tl X X 20 25
T2 30 12 18 20
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Figure 15 T1 and T2 signal amplitude defects1/2T, defect length 15cm
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Figure 16 T1 and T2 signal amplitude defects1/2T, defect length 15cm
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Figure 17 T1 and T2 signal amplitude defects1/4T, defect length 15cm
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Figure 18 T1 and T2 signal amplitude defects1/4T,

defect length 15cm
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Figure 19 T1 and T2 signal amplitude defects1/2T, defect length 4cm

12T, 4L, BOTTOM

3

—m—T1 defect signal

- -3 - T2 defect signal

8

TOA amplitude(mV)

20— O _________ o~/5

0 L L

a0° 180° 270° 360°

Defects circumference angle

Figure 20 T1 and T2 signal amplitude defects1/2T,
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V. Conclusion

In this study, we applied EMAT to investigated pipeline defect detection. the following

conclusions are obtained

1. For the same defect length, the signal amplitude gap between with defect-free location
is greater in the 1/2T defect depth than 1/4T defect depth, so we can confirm that signal
amplitude increases with defect depth.

2. For the same defect depth, the signal amplitude gap between with defect-free location is
greater in the 15cm defect length than that in 4cm defect length, so we can confirm that
signal amplitude increases with defect length.

3. If tube has circumferential 270° and 360° defects, the wave propagation velocity will be

affected and the above relationship will be reversed.
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