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About the presenteré

Graduated as Metallurgist 30 years ago, in Rio de Janeiro

. Worked in Failure Analysis, NDT and fitness -for - service for
\\\\\\\\\\\\\\\\\ \\mﬂ””” /////////////// Petrobras (Largest Oil Co. in South America) serving 11

\\ \\\\\\\\\\ /////////// // refineries and olil field in Campos Basin till 1985. First AET

paper in SA published in 1979

Joined Det norske Veritas (DNV) as Surveyor and started AET
as commercial service in Brazil

Moved to DNV in Houston in 1988 Supervising field
operations.

// \\
////////////// m \\\\\\‘&\\ \
////// ///////////////”m|||m\\\\\\\\\\\\\\\\\\\\\\\\\ . Joined Stress Engineering Services 10 years ago.

ASNT Level lll in AET for the last 15 years

ASNT Level Il in UT, RT

Member of ASNT, ASME and more than 45 published papers
and books.

Messed -up accent due to Italian blood, SA upbringing,
Nor wegian work, and in the Gul f




Setting the Tone

A The purpose of this presentation is to:
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Explain how AET works
Explain how to best use it
Separate truths, facts, myths and legends

Answer gquestions
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A Sources
Published books by ASNT, TAPPI, Dr.

Nordstrom and several Standards from ASTM,
ASME, etc.

Sanitized data from tests executed for 700
customers all around the world




A good source of
AET education is
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Acoustic emission
testing handbook

@ WWw.asnt.org




Objectives

This presentation aims at discussing a diversity of applications

e whereAET was used to help assess tagability and
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structural integrity of pressure vessels and other components
on-line and oftline, new and used.

The majority of the work described herein was carried out
utilizing Vallen Systeme AMSY5 Digital AE data acquisition
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Main topics
What is AET?

Issues affecting AET

Follow -up with conv. NDE

Planning the work

!l Accounting issues

Examples of AET applications.



Why dond we start with definitions ?
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Acoustic emission testig.




What is Reliability ?

Reliability is defined as the probability of an
item to performa  required function  under
specified conditions  for a certain  period of

s
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time.
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(From University of Maryland web site.)
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Acoustic Emission (AE) &
ASTM E 610

é the class of phenomena whereby transient elastic waves
are generated by rapid release of energy from localized
sources within a material, or the transient elastic waves
SO generated.

ASNT

é the elastic energy thatssontaneouslyeleased by
materials when they undergo deformation.




AET and reliability

" During the process of establishing a compo®am=diability
\\\\\\\\\\\\\\\ \\}\“‘lm{,{” NN or fitnessfor-service, AET should not be tiseleNDE
o \\\\\\\\\\\ ///////////// // technique or evaluation method being used.

Whenever possible, try and complement AET with other
technigues including, but not limited to strain gauging,
advanced NDT, conventional NDT, FEA, fracture
mechanics, field metallography, etc.
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Fithess -for-s er vi ce assessments 1 ncl

Field Monitorin Stress Analysis Experience
_ AMand Ca Mlant
AStrain Gages AEEA A\SME
AResidual Stress AMBAQUS APl 579, 510, 570, 65
Alemperature ANSYS MBIC & B31

Mressure ACAESAR
Avibration & Noise JCED

A ab Testing

Defect Assessment

FITNESS Alaw evaluation

Materials Engineering _
Aailure Analysis FOR A ife Assessment
Aviaterial Selection SERVICE : :

. : A-atigue Analysis
ANelding & Repair Koren & OMmeas
AReplication b J

A orensics

Aracture Mechanics




We plan to stayfishallowo é

Sound wave generation and modes of propagation will not be discussed

Flexural Mode

N
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uming forces and moments shown in Figure 2 results in

qd xdy, 0,
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Solving the last twoffuations for Oy and Oy, and substitutififginto the frst equation

resuits in

oM, M, IM, _  Fx,
 ®Vaaty tF

where Ji¥] is the Bending moment about x; coordir ate ~xis, p is the mass d ,and A is
the #Fkness of the plate. Thebmdmgmomemsarerelatedtothemrvamre

M] q 1 DII Dl‘ xl
My =|D; Dy Dyfix,
MS Dl 6 Du D“ x‘

where D;j ar= the bending stiffnesses and xj are the curvatures of the plate.




Damage mechanisms

\\\\\\\\\\\\\i\\\ “}\W’ /////////////////// API has compiled a list of approx. 35 distinct damage mechanisms, which
A\ \\\\\\\\\ ////////// .\ can affect the reliability of pressure vessels, tanks, towers, heat
V) exchangers, piping and other components.

» | | Some of these mechanisms have in the past caused catastrophic failures,

leading to the loss of human life, damage to the environment, and
=4 property loss.
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@ The success of AET in finding these mechanisms is highly dependant
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The role of AETé

Over the last several decades, AET has been widely used to he
In the detection, and location of these damage mechanisms in a
variety of conditions and environments.

AET has predominantly been applied @seareening method,
and as a contributing NDE technique duritfigthessfor-
continuedservic® (FFS) evaluations, according to Standards
such as API 579.



What is AET?

" An NDE method
z\\\w M ////////////////i//

Relies on high frequency sound from flaws

Sound picked -up and located by PZT probes

Need smart stressing method

4
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l||‘\\\\\mm\\\\ Tells you IF there is a significant flaw and

where it is located

Tells you if a known flaw is growing
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Issues affecting AET

Know the possible damage mechanisms
How to best stress the component
Background noise

Weather issues

Pneumatic x safety issues

Planning for AET during a S/D
Interpreting AET results

Follow -up NDE and feedback to SES



How to benefit from AET ?

Global inspection method vs. localized
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\\\\\\\\\\\\ i ////////////// Saves $$%$$ by not having to enter vessels
f //

Saves $$%$$ by concentrating inspection budget
on specific items

Shortens S/D

Improves Safety by controlling risk of BF
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Detects leaks
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Test Requirements

Detailed scope of work !

What exactly do you want me to inspect?
Short term or long term?

Operations must buy into it !!!

Planning must buy into it !!!

Access to the component (scaffolding, JLG, Rope
Access, etc.)

Power (120 V, 20 Amp per AET system)
Trailer parking

Remote data acquisition (satellite trailer)
Etc.



Test results

Basic results : A Drawing showing areas for
follow -up
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More advanced results : Characteristics of
certain damage mechanisms (HTHA, thermal
fatigue, HIOC/Sohic, etc.)
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/ Advanced results : Correlating damaage or
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cracking vs. operating conditions (ex: coke
drums, Cl SCC)
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Follow -up with conventional NDE

AET iIs as good as the NDE follow  -up!

Must use the proper NDE technigue for the

damaoge mechanism being sought !!!

Feed back to AE operator is important.

Understanding the role of AET and NDE in the
overall Fithess -for -service assessment
(pieces of the puzzle).
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Planning the work

Owner/operator must get more involved in defining
scope and monitoring the AET test.
Corrosion Group should be the channel

Planners help a lot in getting the work done properly

Operations must understand the purpose of each
test

Finish the inspection with a meeting to discuss
results.



How does AET work?
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Traditional NDE rely on localized inspection and interpretation of returning

energy/mass
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(a) Eddy Current Testing  (b)RF Eddy Current Testing
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(c) Ultrasonic Iris () Magnetic Flux Leakage

- MUT Shear
wave
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B-Scan Gr:1 Ch:P1-P2-TOFD Sc:0113.00 mm In:0000.50 mm
113.01 127.01

srig |

9|

— 7 | TOFD

24

o

Magnetic
Test




Frequency Regimes

q—*u | — | > —p |
iSmi microseismic acitivity A E _
i;ﬁ?:;c Leak Detection Ultrasonics

| | | | | | |
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Ultrasonic Cleaning

Infrasonics 44@ Hy

| | |
1Hz 1 kHz 1 MHz

Characteristic distances

af ¢1 speeds in steel S m 5 mm

Courtesy of Dr. R. Nordstrom i AEWG 2004



AE principles
There are primarily 2 types of AE:
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near stress risers
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AE principles

Type | AEis used as a global screening of components,
using pressure or thermal gradients to find stress
risers/cracks by imposing a level of stress slightly abov
normal stress levels.
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Example: Iaservice oveipressurization of a column/sphere
to 110% of maximum operating pressure over last 12
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25%
Yield

AE type |

78%
Yield

No load = No AET signals

Under load + crack free
Material = NO AET signals

Under load + cracked
Material = AET signals



Exponential behavior in AE
data - AE x K

Energy [eul wz, Time [z]

12608 1686 2

Channel:

no filter 31 of ENTESTNHYTESTOZ.HMPS
13 17:09:53 set 84759 Sets on file: 84760 ENTESTNHYTESTOZ PRI

HIS PLOT SHOWS THAT AE IS PROPORTIONAL TO 7T

AND CRACK GEOMETRY THAT IS TO SAY STRESS INTENSIT

Exponential behavior in the AE type |
data from the component may indicate the
presence of a significant flaw.

These driving forces are usually thermally
induced, Hoop stress related, or
mechanical loads, and can be static or
dynamic.



AE principles

Type Il AEis used to monitor and/or detect
unknown/existing crackke flaws in components, which
cannot be easily overstressed. AE signals come from
actual damage progression or crack propagation.
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Example: OAine monitoring of coke drums for thermally
Induced fatigue cracks.

W //// ; \\\\\\ 7
Wy,
i //////////////munm\\\\\\\\\\\\\\\\\\\\\\\




Thermally induced fatigue crack
AE type Intif. weldofa cokedrum

Donot need AE to
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Measurement Chain

Stimuli 1 Global Source of energy, often

mechanical load; other examples:
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S
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Wave Propagation
structure to AE source

i localized stress release

T conversion of
mechanical wave to voltage

Signal Processing i

0 %
///////////// m \\\\\\\\\
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\\ Preamplifier
Main/System Amplifier

Amplification and Filtering
Functions

thermal gradient, Hoop stress, etc.

i dynamic response of

Acoustic Emission (AE)
Process

<= =

o) [t

Stimulus Stimul

= =0
Acoustic t VU!JJ:U

<p=m » tn&hﬁon =

A ==

Acoustic Enissions are transun! edlastic woaoes
Qenerated by the rapad relesse of energy from
localized seurces withim a material,

(Escerpted trom ASTM £6I0EY)

Courtesy of Dr. R. Nordstrom i AEWG 2004



Timeline of Commercial AE Systems Readily Available in U.S.

DECI

AESMART
Since 1995

Instrument Prototypes are in ftalics

AET

4000 4900 5000
1973 19761977

[ 300
192 1am4

Compiled by Richard Nordstrom
Last Updated Ang 2002

1997 1988 1999{1290/ 1991 1992 12931994 1995 19951997 129/1999{2000 2001 2002

| 1969/1969] 1070 1971 19721973 1974 19751976 1977 1978 1979} 1980 1981 1982 1983 1984 1985 1986

Analog Bus Digitization of Signals at Input
DSP analysis of AE Feature Set
PC-Based, Analog Measurement
of AE Feature Sets

Courtesy of Dr. R. Nordstrom i AEWG 2004
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Process Chain:

Goal of AE Behavior Characterization
Correlate (5) AE Responses to (1) Stimuli
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Tensile Test Dead Weight Test
Stress Corrosion Cracking

Courtesy of Dr. R. Nordstrom i AEWG 2004
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AE Sensors

Basics for Choosing Sensors

Resonant Type

Choose appropriate
Frequency

A 20/50 kHz for leak
detection

A 150 kHz for crack
detection

A 300 to 750 kHz for
crack detection in
noisy environments

Sensor contributes to
filtering

Broadband Type

Better for waveforms

Signal -to-Noise ratio
suffers at most
Interesting frequencies

Pricey

Courtesy of Dr. R. Nordstrom i AEWG 2004



Sensor Type Examples

Resonate NBroadbando
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Diagrams from www.deci.com, with permission

Courtesy of Dr. R. Nordstrom i AEWG 2004



http://www.deci.com/

Attenuation / Signal Loss

\ Signal LoSS - the loss in
\\\\\\\\\\\\\\\ Il //////////////// measured amplitude with distance ¢
\\\\\\\\\\\\\ I ////////////// E
A\ // from source. ~ Generally increas £
74 with measurement frequency. Simple Attenuation Model:
AO -ar
Effects of Signal Loss A me
_ A Limited Sensor Range o
N 7. ) o . omiancs o~
/ ///////////// _— \\\\\\\\\\ \\ A Structural Vibrations tend tc _
/////////////Illllllll\\\\\\\\\\\\\\\\\\%“ have much lower frequency pranec propenceal]

range then transient
propagating signals

A Can be used in simple
location schemes

Courtesy of Dr. R. Nordstrom i AEWG 2004




AE Amplitude Measurements
dB AE ~ 20 LOg [A Measured /1 ITV]

e
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1@@——;—;—;—100 dBAE = 100 mV 1@

=] jui] [in}
= = =1
P T T
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=1
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Amplitude [dB 5 |
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K]
=

=
=1
PR -

COIIIIONS m?s

=
L

B 22 40 6p 8@ 100 120 147 160 160 200 2e@ 24g
Time [=1

Dynamic Range => Saturation / Discriminate
Saturation: Peak Amplitude instrument can measure

Discriminate (Resolution): Lowest resolvable change in
measurement,

usually limited by the noise in the instrument.

Courtesy of Dr. R. Nordstrom i AEWG 2004




Basic Categories of AE Signals

Burst and Continuous

Burst AE T beginning
and end of the signal
can be identified

Continuous AE 7
beginning and end of
signals cannot be

identified
Chan:1 Set: 3 Index: 377 14 17:32:40 389.3573 Time [ps] Freq. [mY kHz] (Hamming) Frame: -200+2048
i e il s
- 0.07
Amplified noise R Tnua T e
; ) . ) £ 02- 0.0s
signal, identification s f S
. . . = T - 003 1
of signal is against LIRSS UM T o .
this backdrop k| | ‘ |
2000 20 40 60 80 100 120 140 1B 180 0 ' 20 | 40 | B0 80 1000

Courtesy of Dr. R. Nordstrom i AEWG 2004



RISE TIME —

W

COUNTS: Number of threshold crossings

THRESHOLD

PEAK AMPLITUDE

s

\

Signal Parameterization

Chan: 11 Set: 503 Index: 3631 19 19:30:04 554.6679 Time [us]
| N N T N Y Y [ N N Y N N N N NN I | - 1 I I I I

. 0.4 b B
/ ____________ £ °-;/\Mi‘u/ A A A
M AR VYV
T s VI
:0.4
—1OI”I—5”HDHUSI”I1OHII15|I”2|0I”|25””3|0H”35H”40I

File: g:\datimtrc\tra\im2load1 tra Sampling Rate: 10 MHz Samples/Set: 2048

Basic AE Parameters that are measured in most
multipurpose AE systems: (from example)

Aeal Amplitude (53 dB ¢ = 456 nV)
MRise Time (9.6 ns)

Muration (17 ns)

KCounts (6)

Anergy i definitions vary

Courtesy of Dr. R. Nordstrom i AEWG 2004



Waveform Acquisition

(aka frequency domain)

e
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Increasingly incorporated in lab studies

N : 4 Requires settings for trigger, sampling rate,
s ///////////// o \\\\\\‘&\\ W length of signals
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Chan 1 Set 29 Index 29 16 18 22 DD ?93 3?13 Tirme [ps] Freq. [mv kHz] (Hammlng) Frame 199+1024
45 ||||||||||||||
| - 4:
|l m _ 353
_ LUl IFE| 2 :
z | =
£ 252 .
= w : \
= iE I
z ' ! 157
< ! E ! i -
O i 41 L L P
- IR “N-”W‘J WME
"'E0 0 50 100 150 200 250 200 350 400 0 &0 100 150 200 250 300 350 400 450 00

Courtesy of Dr. R. Nordstrom i AEWG 2004




AE data analysis
AE data interpretation
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Activity, Location, Amplitudes / Waveforms
When, Where and What emitted ?

Activity Analysis (When AE occurs)

A Correlate to load, such as Kaiser, Felicity
ratio

Location Analysis, various methods, limited
accuracy compared with NDT

What is emitted (various methods, such as
classification)

Courtesy of Dr. R. Nordstrom i AEWG 2004
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SIGNAL ATTRIBUTES OF KNOWN AE SOURCES

Typical AE
_— CDRRELA,TIDN OF COUNTS vs. AMPLITUDE S | g n atu reS Of .I:I aWS

i and noise.

(7N
7 MECH. RUBBING
X/

10000 ¥ o

SINNEd

~=eeef Confirmed crack
5 ‘ * HYDROGEN BLISTER
109 i TR 1 \
o A L% i il e
R Sorr amEE : = 1. 33 {top of VT) is least intense Aource, but comparable intensity with
] £ 7y Emw (e , A are much more intense when with 2000 cooldown.
10 -‘( e '"‘ [Fl i 5 i i ‘ i L L 'l L 1
SIS SIS, E
2 .
| |
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40 50 60 70 80 90 100 E E
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Active Sources

Grouping of Data

R -
\\\\\\\\\\\ //// For analysis purposes,
\l \\\\\\\\\\\\\ — ////////////// j grouping breaks data into 1;3 1 10
'/ ‘ // subsets that are meaningful to . -
characterize by themselves 0 . L
; . 70 O’ég : Cluster.
Filtered Data based on noise i 4 22
characteristics 5 — .
Data from Clusters . gg :ig
////////////// — \\\\\\\\\\ Data from Specific Time
oy \\ hold peri | " | |
A ///////////////munm\\\\\\\\\\\\\\\\\\\\ perody (o petiod reload ; '8 '?
. Activity by Channel B R R R R R R
LeA\CI20 Lo [in]

Grouping Data into Clusters

Courtesy of Dr. R. Nordstrom i AEWG 2004
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Source Examples
Cracking (Example from Steel)

Chan 1 Set ? Index EHDB =3 1? 31 D? 782, 231? Tirne [ps] Freg. [m\f kHz] (Rectangle) Frame 499+4I398

- - o007
0.08- - \
0.06- Iy - 00
o 04 - 0oos
E 0T [ oo
2 o ¥
2 oo SELLE
£ owm- . | - oo |"
0.06- 1 C oo |
0.08 . - | J
i [ 1 [ [ [ 1 1 [ [ [ 1 1 [ [ 1 1 : D ||||| I |||||
0 500 1000 1500 050 100 150 200 260 300 350 400 450 500
Time [ns] Frequency [kHZz]

General Attributes (more or less)

Amplitude:  can be very high >80 dB

Signal Duration: microseconds
Frequency Characteristics: white

Directionality: complex

Courtesy of Dr. R. Nordstrom i AEWG 2004



Source Examples
Adhesive Failure
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General Attributes (more or less)
Amplitude: up to 60 dB

Signal Duration: up to milliseconds
Frequency Characteristics: typically 1/f
Directionality: complex

Courtesy of Dr. R. Nordstrom i AEWG 2004
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Source Examples

Boiling (water, liquid Nitrogen)

Chan: 1 Set: 19 Index: 306 28 17:21:09 50.0287 Time [ps] Freq. [mY kHz] (Hamming) Frame: -199+2043

Time [ns]

General Attributes

up to 60 dB

Signal Duration:
milliseconds

Amplitude:

typically short, can

Frequency Characteristics: white

Directionality: unidirectional

General Attributes

up to 80 dB

Signal Duration:
milliseconds

Amplitude:

typically short, can

Frequency Characteristics: white

Directionality: unidirectional

Frequency [kHZz]

Courtesy of Dr. R. Nordstrom i AEWG 2004
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Advantages of AET

Inspect 100% of the part/vessel (global inspection)

Detect discontinuities significant to the part's structural
integrity

Can be applied in -service

Little/no disturbance to insulation

Wide temperature range (Cryogenic to High temperature )
Recognized by several standards

Compliance with local, state & federal regulations

Significant savings by avoiding vessel entry

Repeatability / Kaiser Effect



Limitations of AET
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OK, ...... limitations of AET

' Requires experienced and skilled operator
\\\\\i\\i\&\\ \t}\\l‘”!’lﬁ” ////%///// Results are operator dependent (experience)
& P // Qualitative results (can't size defects)

Fairly expensive hardware/software
Access often limit applicability (need of scaffolding)

A few unsuccessful tests (mixed

Requires client/user to be well educated in topic (thatos why
ARE ALL HERE ! é . )

N W /
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More costly than conventional NDE
Canot find inactive fl aws
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Standards and Regulations supporting the use

of AET

API 510, Section 6.3 (external NDT method alternative)
for all ASME Div. 1 p.vessels in drilling, production,
gathering, transportation, processing, and treatment of
liquid petroleum natural gas and associated
hydrocarbons , in lieu of an internal inspection.

ASME code, Div.1 -Sec.V, Article 12, Subsection A,
Dec.1988: AET of metallic p.vessels during acceptance
pressure testing.
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Standards and Regulations supporting the

use of AET (cont.)

Society of the Plastics Industry (SPI): CARP's
Recommended Practice for AET of Fiberglass
Reinforced Plastic (FRP) tanks/vessels. New and in -
service equipment from 9 psig (vacuum) to 65 psig.

Association of American Railroads (AAR), Manual of
Standards and Recommended Practices, Section C,
Part Ill, Specification M -1002 for Tank Cars -Procedure
for AE evaluation of railroad tank cars.
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Standards and Regulations supporting the

use of AET (cont.)

Electric Power Research Institute -EPRI Acoustic Emission
Monitoring of High - Energy Steam Piping

ASME code, Div.1 -Sec.V, Subsection A, 1983, Article 11:
AET examination of Fiber -reinforced plastic vessels.
Pressure and vacuum, new and in -service FRP vessels.

14 ASTM (American Society for Testing and Materials)
standards, covering hardware, test procedures, etc.
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Standards and Regulations supporting the

use of AET (cont.)

ASME Code case N0.1968, Sec.VIll, Div.1 (use of AE in
lieu of Radiography), ASME Code case No. N -471,
Supplement No.5 Sec. XI, Div.1 (AE for successive
Inspections)

United States Department of Transportation (DOT), E
8944 (Tube Trailer Testing)

The European Working Group on AE(EWGAE), 3 codes for
vessels, leaks, and small parts.
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Standards and Regulations supporting the
use of AET (cont.)

The Japanese Society for NDI(NDIS) - Spheres

New Jersey Department of Environmental Protection -
Bureau of Discharge Prevention  -Inspection and Testing
of Above ground Storage Tanks (AGST) over 2,000
gallons.

U.S. D.of T. DOT -E 10589, Authorizes the use of AET for
evaluating continuing qualification of railroad tank
cars.

U.S. Coast Guard (Marine Technical and Harzadous
Materials Division) Authorizes the use of AET for
satisfying the requirements of 46 CFR Part 151.04 -7,
regarding barges.
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Standards and Regulations supporting the

use of AET (cont.)

National Association of Corrosion Engineers -NACE-
Recommended practice RP0296  -96, Guidelines for
Inspection and repair of pressure vessels in possible
wet H2S environment.

American Petroleum Institute (API) 16A - Specification for
Drill Through Equipment - Section VI E1.14 Quality
Control Requirements.

Many other documents, procedures, and guidelines from
private companies and institutions like Du Pont,
Monsanto, Exxon, Shell, Citgo, etc.



Case Studies

DOW Reactor in South America (with permission)

L M LPG spheres
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Furnace tubes
Reformer Unit
" High Density Low Pressure Polyethylene Rx
Compag PC board
N N - 4 7 Offshore applications
//////////// il \\\\\\\\\ C ic Ammonia S K

u \ ryogenic Ammonia Storage tan
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' ) New heat exchangers
i Process column 1

Process column 2




ADow Reactor in South America (with permission)

- Several cracks in top head
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