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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The increasing use of fibre-reinforced polymer (FRP) materials in structural (e.g. aerospace, automotive,
civil engineering) and infrastructural applications (e.g. gas cylinders, storage tanks, pipelines) requires
respective developments in the field of non-destructive testing.

Because of its sensitivity to the typical damage mechanisms in FRP, acoustic emission testing (AT) is
uniquely suited as a test method for this class of materials.

It is already being used for load test monitoring (increasing test safety) and for proof-testing, periodic

testi

ng and periodic or continuous, real-time monitoring (hpnlfh mnnifnring) of pres

ure vessels,

storg

Acoul
(e.g.

ge tanks, and other safety-relevant FRP structures.

stic emission testing shows potential where established non-destructive’ te
ultrasonic testing or water-jacket tests) are not applicable (e.g. thick carbon-fibre re

5t methods
nforced gas

cylinders used for the storage and transport of compressed natural gas (CNG), gaseous hydrogen).

The
Stan

How

FRP
depe

Mats¢
disp{

Comj
acou
of fiby

Ther]
(e.g.

beneral principles outlined in EN 13554 apply to all classes of materials but this I
lard emphasizes applications to metallic components (see EN 13554:2011, Clause 6).

bver, the properties of FRP relevant to AT testing are distinctly different from those of

structures are inherently non-homogeneous and show a €eptain degree of anisotropi
nding on fibre orientation and stacking sequence of plies;respectively.

rial composition and properties, and geometry affect wave propagation, e.g. mo
brsion, and attenuation, and hence the AT signalsaécorded by the sensors.

posites with a distinct viscoelastic polymer matrix (e.g. thermoplastics) possess a compa
sticwave attenuation whichis dependent onwave propagation parallel or perpendicularto
re orientation, plate wave mode, frequency, and temperature-dependent relaxation beha

efore, successful AT of FRP materials) components, and structures requires a specific 1
storage of complete waveforms, specific sensors and sensor arrays, specific thresh

suitable loading patterns, improved data analysis), different from that applied to metals.

Ther
in tiy

e are recent developmentsin acoustic emission testing, e.g. modal AT (wave and wave m
ne and frequency domain) and pattern recognition analysis.

hternational

metals.

c behaviour,

de, velocity,

ratively high
he direction
yiour.

hethodology
bld settings,

pde analysis
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INT

ERNATIONAL STANDARD ISO 18249:2015(E)

Non-destructive testing — Acoustic emission testing —
Specific methodology and general evaluation criteria for
testing of fibre-reinforced polymers

1

This|International Standard describes the general principles of acoustic emission tés
matgrials, components, and structures made of fibre-reinforced polymers (FRP) withcthe a

This|International Standard has been designed to describe specifiec methodology to assess {
of filbre-reinforced polymers (FRP), components, or structtires or to identify critical zd
damfge accumulation or damage growth under load (e.g. suitable instrumentation, ty
arrapgements, and location procedures).

It alsp describes available, generally applicable evaluation criteria for AT of FRP and outlines
for eftablishing such evaluation criteria in case they are lacking.

This

that

analy

NOT

AT evyaluation criteria only but,can/require further testing and assessment (e.g. with other non-de
methpds or fracture mechanics-calculations).

2
The

indigpensablé for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl

[SO 9712:2012, Non-destructive testing — Qualification and certification of NDT personnel

ISO

Scope

aterials characterization,
Ilroof testing and manufacturing quality control,
fetesting and in-service testing, and

lhealth monitoring.

hllows the application of qualitative eyaluation criteria, both online during testing and

H The structural significafiee'of the acoustic emission cannot in all cases definitely be asses

Normative references

following decuments, in whole or in part, are normatively referenced in this docunj

ing (AT) of
im of

he integrity
nes of high
pical sensor

procedures

International Standard also presents formats for the presentation of acoustic emissipn test data

by post-test

sis, and that simplify comparison.of acoustic emission test results obtained from djifferent test
sites|and organizations.

sed based on
btructive test

ent and are
For undated
es.

12716:2001, Non-destructive testing — Acoustic emission inspection — Vocabulary

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories

EN 13477-1:2001, Non-destructive testing — Acoustic emission — Equipment characterisation — Part 1:
Equipment description

EN 13477-2:2010, Non-destructive testing — Acoustic emission — Equipment characterisation — Part 2:
Verification of operating characteristics

EN 14584, Non-destructive testing — Acoustic emission — Examination of metallic pressure equipment
during proof testing — Planar location of AE sources
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EN 15495, Non-destructive testing — Acoustic emission — Examination of metallic pressure equipment
during proof testing — Zone location of AE sources

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12716:2001 and the
following apply.

3.1
fibre
slender and

Note 1 to ent
used for cont

3.2

ogreatlzelongated solid material
5 " s}

y: Typically with an aspect ratio greater than 5 and tensile modulus greater than 20 GPa~The
inuous (filamentary) or discontinuous reinforcement are usually glass, carbon, or aramide.

polymer matrix

surrounding

Note 1 to ent
performance
properties of]

3.3

fibre lamin
two-dimens|
orientation)

Note 1 to ent
plane (or cur
thicknesses 4
from layer to

3.4

b macromolecular substance within which fibres are embedded

"y: Polymer matrices are usually thermosets (e.g. epoxy, vinylester polyimide, or polyester) or
thermoplastics [e.g. poly(amide imide), poly(ether ether ketone), orpolyimide]. The mechg
polymer matrices are significantly affected by temperature, time{aging, and environment.

ate

from fibre-reinforced polymers

ry: They are compacted by sealing under heat andyor pressure. Laminates are stacked togetH
ved) layers of unidirectional fibres or woven fabric in a polymer matrix. Layers can be of v4
nd consist of identical or different fibre andypolymer matrix materials. Fibre orientation can
layer.

fibre-reinforced polymer material

FRP
polymer maj

Note 1 to enf
fibresinclude
fibres such as

3.5
delaminati
intra- or int

Note 1 to ent

Lrix composite with one.ermore fibre orientations with respect to some reference dire
ry: Those are usually'continuous fibre laminates. Typical as-fabricated geometries of conti

uniaxial, cross-ply,ahd angle-ply laminates or woven fabrics. FRPs are also made from disconti
short fibre, long-fibre, or random mat reinforcement.

bn
br-laminar fracture (crack) in composite materials under different modes of loading

ry~Delamination mostly occurs between the fibre layers by separation of laminate layers wif

!

ibres

high-
nical

ionally element made up of two or more layers (plies of the same material with identical

er by
rious
vary

ction

uous
uous

h the

weakestbon

Mg orthe gheststresses unmder static or Tepeated Cy T SIesses (fatigue); fmpact, etc: Detarmi

ation

involves a large number of micro-fractures and secondary effects such as rubbing between fracture surfaces. It
develops inside of the composite, without being noticeable on the surface and it is often connected with significant
loss of mechanical stiffness and strength.

3.6

micro-fracture (of composites)

occurrence of local failure mechanisms on a microscopic level, such as matrix failure (crazing, cracking),
fibre/matrix interface failure (debonding), or fibre pull-out, as well as fibre failure (breakage, buckling)

Note 1 to entry: It is caused by local overstress of the composite. Accumulation of micro-failures leads to macro-
failure and determines ultimate strength and life-time.
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4 Personnel qualification

Itis assumed that acoustic emission testing is performed by qualified and capable personnel. In order to
prove this qualification, it is recommended to qualify the personnel in accordance with ISO 9712.

5 Acoustic emission sources and acoustic behaviour

5.1

Acoustic emission source mechanisms

Damage of FRP as a result of micro- and macro-fracture mechanisms produces high acoustic emission

activ

The {

f
f
f

The
lami}
test

Ther
factd
knov

Frac
of co

For ¢
failu
appe
dete

High

comparatively hightstresses due to the low matrix strain in the composite.

In th
sour

Ano

matrix cracking;

intra- or inter-laminar crack (delamination/splitting) propagation.

ity and intensity making it particularly suitable for acoustic emission testing (AT).

ollowing are the common failure mechanisms in FRP detected by AT:

ibre/matrix interface debonding;
ibre pull-out;

ibre breakage;

resulting acoustic emission from FRP depends on. many factors, such as material {
hate lay-up, manufacturing process, discontinuities, applied load, geometry, and en
conditions (temperature, humidity, exposure to hiid or gaseous media, or ultraviolg
efore, interpretation of acoustic emission undér given conditions requires understang
rs and experience with acoustic emission.from the particular material and constru
n stress conditions.

ure of FRP produces bursttype acoustic emission, high activity; however, might give the
ntinuous emission.

ertain types of construction, widely distributed AE sources from matrix or interf
re mechanisms under givenyeonditions commonly represent a normal behaviour. This
ars during the first loading of a newly manufactured FRP structure, where the compos
‘tion of first significantacoustic emission is in the range of 0,1 % to 0,3 %.

stiffness optimized composites might shift the onset of first significant acoustic emisg

e case of-high-strength composites, acoustic emission from first fibre breakage, apar
Ces, is nermally observed at stress levels of about 40 % to 60 % of the ultimate compos

‘mal'behaviour of FRP structures is also characterized by the occurrence of different i

alter

omponents,
yironmental
t radiation).
ing of these
ction under

appearance

hcial micro-
particularly
te strain for

ion towards
t from other

te strength.

egions with

Aatinag hicgheor and lawer AE activity narticularly af hichor ctroce lavole duo +0 rodi
£ SHHeaToWerAr—aee Vit PpPat Fry—= rel—SsHesSstevers—aue+to+e

tribution of

local

Torortr TS TIeT trcoricr TIITET oo

stress.

In the case of a serious discontinuity or other severe stress concentration that influence the failure
behaviour of FRP structures, AE activity will concentrate at the affected area, thereby providing a
method of detection.

Conversely, discontinuities in areas of the component that remain unstressed as a result of the test and
discontinuities that are structurally insignificant will not generate abnormal acoustic emission.

5.2

Wave propagation and attenuation characterization

Acoustic emission signals from waves travelling in large objects are influenced by dispersion and
attenuation effects.
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Polymer matrix composites are inhomogeneous and often anisotropic materials and, in many
applications, designed as thin plates or shells. Wave propagation in thin plates or shells is dominated
by plate wave modes (e.g. Lamb waves). The anisotropy is mainly the result of volume and orientation
of fibres. This affects wave propagation by introducing directionality into the velocity, attenuation, and
large dispersion of plate waves.

Propagation of acoustic waves in FRP results in a significant change of amplitude and frequency content
with distance. The extent of these effects will depend upon direction of propagation, material properties,
thickness, and geometry of the test object.

Attenuation characterization measurement on representative regions of the test objects in accordance

with EN 14584-sh

1l 1l £ |
OT SIIdll UT PCI TUT IIICU.

The shadowjing effect of nozzles and ancillary attachments shall be quantified and transmissien thr

the test flui

The attenud
perpendicul
attenuation

For FRP lam
dB after way
much highe}

NOTE
FRP material

5.3 Testt

The mechanical (stiffness, strength) and acoustical \(wave velocity, attenuation) behaviour of

structures {
changes if t
ductile-brit
(a-relaxatio

Therefore, t|
results, as W

5.4 Sourg

Accurate sd

materials, the AE hits only the nearest sensor in most practical monitoring situations on structure

this reason,
however, do

The peak amplitude from a Hsu-Nielsen source can vary with specific viscoelastic properties

shall be taken into consideration.

tion shall be measured in various directions and, if known, in particalar paralle
ar to the principal directions of fibre orientation. In the case of a partly filled test objec
shall be measured above and below the liquid level.

inate structures, losses of burst signal peak amplitudes might be in'the range of 20 dB
/e propagation of about 500 mm. Attenuation perpendicular to the fibre direction is us
than in the parallel direction.

in different regions of a structure.

emperature

ind, hence, their AE activity and AE wave characteristic (waveforms, spectra) str
he test temperature approaches transition temperature ranges of the matrix, such a
le transition (f3-relaxation of semdi-crystalline matrices) or the glass-rubber trans
h of amorphous matrices).

he test temperature has tobhe considered for data evaluation and interpretation of Al
rell as in the loading procedure.

e location
urce location®in FRP structures is difficult. Due to the high attenuation in comp

zone logatjon is usually the main source of location information. The use of zone loca
bs not prevent linear or planar location of AE sources that have sufficient energy to hit se

ough

and
t, the

to 50
ually

bf the

FRP
ngly
s the
ition

test

osite
5. For
tion,
veral

sensors to
predomina

ent,

tly for the location of higher energy emissions. Great care shall be taken with both methods

:IHOW location by time arrival differences. Linear or planar location is a useful supple

where timing information is used for location since the velocity of sound and attenuation will usually
change with the direction of propagation in FRP.

An additional caution when using location methods on FRP has to be taken because of the very high
emission rates (hit overlapping).

Bearing in mind the above sensor separation and positioning should be set appropriately taking the
following into account:

a)

Lower frequencies give a larger detection range but might result in the pickup of unwanted noise
sources. Practical FRP testing typically uses high-frequency sensors (100 kHz to 300 kHz) to provide

sensor frequency range:
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local area monitoring of high stress areas and low-frequency sensors (30 kHz to 60 kHz) to provide
global coverage. It is common to use two frequency ranges simultaneously.

Typical detection ranges on FRP plates are as follows: 150 kHz for 400 mm to 700 mm, 60 kHz for
600 mm to 1200 mm, and 30 kHz for 900 mm to 2000 mm or more, depending on the material.

For research into AE source mechanisms, use of wideband sensors might be preferable.
b) directionality of propagation and attenuation:

More sensors might be required in one direction as a result of higher attenuation. Application of location
techniques that meet direction-dependent wave velocities will achieve better location accuracy. Where
the dystem software cannot handle directional velocities, the use of virtual sensor positipning might

imprpve location performance. Checking source location with Hsu-Nielsen or other simul

emiskion sources is recommended to achieve useful results.

c)

Whe
ther]

Plan

of particular interest.

5.5
The {

a)

For n
proc
The
revej

Thes
discy
signa
exan|

b)

Real;
prac

1

lit, energy, and RMS based processing:

cation performance:

Fe planar location of lower energy emissions is a requirement, more sensors are necessg
equired three hits.

ir location is especially useful on small specimens or in the case-where a local area of a

Analysis of acoustic emission from fibre-reinforced polymers

ollowing types of analysis are applicable:

host testing applications, where the compenent under test should not be close to failu
pssing of acoustic emission from FRP 'does not differ significantly from that required
main differences are that high-frequency signals are significantly shorter due to th{
‘beration. Once damage initiates,therate of emission will be significantly higher than

e factors require the monitoting system to be set so as to process appropriately, by u
imination times for example:ltis possible that very significant damage might appearas

1 on hit based analysis, forthis reason, supplementary processing should always be us
Iple, the RMS or ASL levels, or the absolute energy measured as a continuous parametg

eal-time analysis:

time analysis of the detected acoustic emission and the application of defined criter
ice and,esSential whenever the monitoring is required to feedback for the safe

ed acoustic

ry to obtain

structure is

e, the signal
| for metals.
b absence of
for metals.

sing shorter
h continuous
ed, using for
I.

ia is normal
progressive

application-eftoad. Real-time graphs shall provide all AE and other parameters that are necessary to

makq

b a deeision about the need to stop the test, if necessary.

c)

Post-test analysis is applied to obtain a more insightinto the acquired data, to filter known noise sources,

and i

n production applications where real-time analysis might not have been used.

6 Instrumentation and monitoring guidelines

6.1

Instrumentation

Instrumentation components (hardware and software) shall conform to the requirements of EN 13477-
1 and EN 13477-2.
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The equipment shall be able to fulfill the data acquisition and analysis according to the written test
instruction in real-time.

6.2 Sensors
The selection of AE sensor frequency depends on aim of AT and the factors described in 5.4.

For the investigation of damage mechanisms and wave propagation, wideband sensors might be more
appropriate; however, this also introduces the additional variable of plate waves travelling at different
velocities as a function of frequency.

Care should r the

laminate thickness and that their potentially lower sensitivity is taken into account.

6.3 Sensor location and spacing
The sensor |
a)
b)

ocation when not defined by an applicable code will generally be determfined as follow

150 kHz sensors monitoring the high stress areas of the structure;

Where {
moniton

ed to
oise;

he 150 kHz sensors do not provide the full coverage, 30 kHz to-60 kHz sensors are us
the remaining testareas, bearing in mind that these might be susceptible to extraneous

The difg
directid
planar 1

brent
— for

tance between sensors is determined based on attefuation measurement in diffi
ns and shall follow the guidelines for maximum allowed sensor distance — dmax -
pcation (EN 14584) or zone location (EN 15495).

c)

The evaluatjon threshold is defined in 6.5.

6.4 Sensor coupling and mounting

For good tr
physically r
mechanismj
hardening s

insfer of acoustic waves, sensors shall be coupled using agents that do not chemical
pact with the composite (e.g. by €ausing crazing, swelling, cracking, or other micro-fg
). Suitable coupling agents are silicone-based high-vacuum grease or adhesives, e.g|
licone rubber.

ly or
ilure
cold

Composite s
are attached
smooth out

tructures shall not be machined to produce a flat and smooth surface at areas where semsors
|. Hence, higher attenuation (e.g. by factor 2) as a result of the thicker coupling film usgd to
surface roughness ‘o) curvature shall be accepted.

rface
I not

The choice (
deformation

f the coupling’agent depends on test conditions (temperature, humidity, maximum su
, surface reughness, etc.), as well as on necessary stability for long-term testing. It sha

produce aco

Application

ustic emission itself at all possible test temperatures and maximum deformation state]

of adlesive tapes, fixed rings with springs, elastic rubber bands shall guarantee a s

S.

table

mechanical

mounting of sensors and shall prevent noise signals resulting from sensor movement g

t the

surface of structure orby fixturing itsetf urmder toading:

Prior to the test, the correct functioning of equipment operation shall be verified in accordance with
EN 14584 using a Hsu-Nielsen source or automated sensor test (AST) by electronic pulses. The average
peak amplitude of a Hsu-Nielsen source should be, prior to the test, within +6 dB of the average of all
sensors. Any deviation beyond +6 dB shall be investigated and corrected, if possible. The corresponding
values shall be noted at the end of the test in consideration of possible damage induced increase in
attenuation during the loading.

6.5 Detection and evaluation threshold

The detection threshold is set X dB above the peak background noise; this shall be less than the
evaluation threshold.
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The detection threshold shall be set to avoid excessive data from normal behaviour of certain laminate types.

High rates of micro-failure lead to a high AE activity in practice during the first loading of new
(unstressed) structures. The definition of AE hits (and calculation of hit rates) from burst signals does
not work under such conditions of an apparently continuous acoustic emission as a consequence of high
AE activity and low detection threshold.

For this case, appropriate actions should be scheduled, for example, waveform streaming, increasing
threshold (makes determination of arrival times more inaccurate and decline location performance), or
using higher threshold channels in parallel or analysis of continuous signal parameters.

The

The
and

In cdses where the test load is not sufficiently higher thanithe previous maximum in-se
longeér period off-load prior to the test might be required.

The

Loa

The

Application of load

if necessary, unloading/reloading steps to determine the Félicity ratio.

application of load shall specify the load level for'starting the AE data acquisition.

3 ading g akag ydraulic test
machjine or pressure equipment, rubbing between grips and test specimen, etc., shall be

suppressed
d from data

hpplication of load depends on the aim of the test, the test object, the pressurization fluid when
applicable, and operation safety requirements.

oading profile shall define the maximum test load, loading#ate, level and duration of load holds,

rvice load, a

ing rate shall consider the inherent high AE«@etivity of FRP and potential for hit overlapping leading
to cojntinuous emission.

oading rate and times for hold periods shall be adapted for each application. Care shall be taken

with|very low strain rates and very lgnghold periods which can lead to creep (relaxation) gffects.

6.7

Real{time monitoring should;comprise the following steps:

a)

b)

‘)

Graphs for real-time monitoring

noting their correlation with time or applied load;

parameters and their behaviour with load;

AE seurce location.

¢valuating AE activity, e.g. the rate or cumulative number of selected AE hits or located events and

¢valuating AEintensity, e.g. the burst signal peak amplitude, burst signal energy, contihuous signal

Graphs for real-time observation and analysis of the AE behaviour depend on the type of application.

7

7.1

Specific methodology

Size of component

There are differences and specific problems with testing of small specimens or large components

and

structures.

Account shall be taken of the dispersion and attenuation effects in FRP as described in 5.2.
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7.2 Testing of specimens

FRP specimens are tested for material characterization and design optimization of critical structural
parts of composites.

The aim of AE monitoring is detection and characterization of initial failure by inter-fibre fracture mode
(fibre/matrix debonding and matrix cracking) and stages of ultimate macro-failure by fibre fracture
and/or unstable delamination.

The advantages of AT of specimens from FRP structures are low wave attenuation due to short distances
between AE sources and sensors and associated higher accuracy of AE source location.

A problem df specimens is that wave reflections from the side edges superimpose waves that directly
propagate t the sensors and, hence, influence the AE signal.

Because of approximately one-dimensional wave propagation, a linear location setup, isSisufficignt to
locate AE sources in longitudinal direction of the specimen.

By attachmg¢nt of at least two sensors to the specimen (one to each clamp or support) and performing
linear locatipn, AE background noise (hydraulic, friction or electrical) can be removed by filtering

7.3 Testing of components and structures

7.3.1 Preliminary information
Prior to the test, the following information shall be available:
a) explicitjstatement of the purpose of the test and limitations if any;

b) type anfl dimensions of test object;

c) material (composition and mechanical properties);
d) design?Lad, in-service temperature;

e) conditigns of use or operation;

f) historyof the object (maximum(in-Service load, temperature, etc.), if available;
g) particular zones to be monitored (damage zones or zones with high stress level)
h) test conditions (type and-sequence of loading);

i) environmental conditions at the test site and safety regulations to be observed;

j) potential sources of interference noise (mechanical, electrical, process noise, etc.);

k) the resyltsoof previous tests, if applicable;

1) type, size, and position of identified discontinuities, if available.

Interpretation of results shall usually require reference to a relevant experimental database. For
uncommon structural materials, of which the AE response characteristics are unknown, a qualitative
analysis shall be made under controlled test conditions using test specimens of the same material,
fabricated in the same way and simulating, as near as possible, the original causes of the discontinuity
and service stress conditions.

7.3.2 Test preparation

All safety requirements concerning the test location and test personnel shall be met. Precautions shall
be taken to provide protection against the consequences of unexpected catastrophic failure of the
structure or the release of safety installations, structural parts, or potentially hazardous fluids.
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Usually for pressure vessels, hydraulic tests are recommended. Special safety requirements shall be
taken when pneumatic testing is required, e.g. if normal service loads include either a superposed gas

pressure or gas pressure only.

Due to the Felicity effect, when the test load is not sufficiently higher than the previous maximum in-
service load, the operating conditions for structures that have been stressed previously shall be reduced
prior to AT. The time for conditioning at reduced load (generally between 12 h for 90 % or more and
7 days for 40 % reduction of operating load) should ensure a sufficient stress relaxation and a clear
determination of the Felicity ratio.

7.3.3

Load profiles

Loadling procedure depends on application and aim of AE test. The loading shall be perfe
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for c
unlo
AE s

Percent of Test Load

um extraneous noise. Hold periods during loading are a key aspect for evaluation o
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5, load schedules for fibre reinforced tanks, vacuum, afid pressure vessels are given in
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The organization where the acoustic emission tests are being conducted shall provide a written test
instruction, which shall include appropriate parts of preliminary information and the following:

a)
b)
‘)
d)
e)

sensor type, frequency, and manufacturer;

method of sensor attachment;

type of acoustic couplant used;

type of AT equipment used with the main characteristics;

energy measurement method to be used;

© ISO 2015 - All rights reserved
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f) sensor location maps representing the structure or part of it;
g) description of equipment verification procedure;

h) description of the in situ verification (see EN 14584);

i) type and sequence of loading, temperature range of composite.
j)  waveform acquisition and analysis, if necessary;

k) recorded data and recording method;

1) availableontimepresentationrofdats;

m) real-tinje stop and evaluation criteria;

n) post-analysis procedure with adopted filtering technique if used;
o) final report requirements;

p) qualifichtion/certification of the personnel.

The written|test instruction shall be prepared in accordance with ISO 9712

7.3.5 Evaluation criteria

Acoustic erpission monitoring for structural applications freguently concentrates on assepsing
structural iptegrity using activity, intensity, Felicity ratio, and/er criteria for the location of AE sofirces
(see Table 1).

Table 1 — Evaluation criteria for AT of FRP

Evaluation cfiteria AE feature and information

a) Detection of significant AE Continuous increase of both the hit rate and hit enprgy
from onset or continuation of damage processes.

At low stress levels, it normally indicates inter-fibr
micro-failure, such as matrix cracking, fibre/matr
debonding, etc.

]

During determination of Felicity ratios from sever
damage states also fibre breakage and delaminati¢n
growth can be associated to AE events.

1%
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Table 1 (continued)

Evaluation criteria

AE feature and information

b) AE activity and intensity

ring down counts, or signal energy as rate
tive function that show, e.g.

and strain-rate [Brunner et al. (1995)]:

_ ot
AEcumulative =k-e

AE activity and intensity specified by number of hits,

or cumula-

— an exponential increase which can be described by
a factor a depending on the composite, temperature,

AE. . =k-o-e*t

— anincrease with a “knee” in thecurve
related to progressive damage dug to intei]
ure and/or occurrence of new~failure mech
fibre breakage

rate

— values equal to or beyond statistically
mean values and standard deviations for “
behaviour

— anincreasé during unloading indicatin
of damagedd@rgas against each other, e.g. d|
surfaces.

which is
-fibre fail-
anisms, e.g.

firmed
hormal” AE

g rubbing
elaminated

c) AE duringload hold

Constant or increasing rate of AE activity
sity parameter during hold periods

“— indicates extensive damage and achieyj
unstable damage stages

— is often associated with matrix crackin

r AE inten-

ement of

g.

d) Burstsignal peak amplitude or energy.

NOTE 1 Cumulative distribution of burst
amplitude or energy that:

— can be characterized for the amplitudg
by its b-value [Pollock (1981)] in the relati

logNza—b-A(dBAE)
calculated from the slopes of the lines thrg
— isrelated to number and types of failure|

— indicates the occurrence of new failure
such as breakage of fibre bundles or unstal
tion and/or critical damage stages if high
energy hits are recorded.

NOTE 2 Ifall peak amplitudes are attenuate|

signal peak

distribution
bnship

ugh the data
mechanisms

mechanisms
le delamina-
hmplitude or

d equally, the

d al 1o 1 £ ) VR |
HHITASUITU SIvpT Ul D7vdiutT UL LT dllIpIituy

distribution

will be independent of the source-sensor distance. This
is not the case for FRP structures that show a distinct
anisotropic attenuation characteristic.

NOTE 3 Zone location of AE sources from FRP does not
allow a distance correction of burst signal peak ampli-
tudes and, hence, an evaluation based on specific peak
amplitude values at source location.

© ISO 2015 - All rights reserved
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Table 1 (continued)

Evaluation criteria

AE feature and information

e) Felicity ratio — FR

AE
FR — Lreload
L

max

Felicity ratio [Fowler (1977); Downs, Hamstad (1986,
1992, 1995, 1998); Summerscales (1986); Whittaker et
al. (1990)]

— describes the ratio between the applied load at which
significant AE reappears during the next application of
loading (Lfeb;oad) and the previous maximum applied

load ( Ly, ) provides a measure of the severity of pre-

viously induced damage; the lower the value the grgater

the severity;
— gives ultimate failure warning.

NOTE 1 FRanalysis can be based upon a,combination of
cumulative sums of number and energyfrom first hiits of
events or mostactive regions determined by zone, linear,
or planar location mode.

NOTE 2 FR values are affected’by several variable
temperature, loading and-unloading rates, applied
relative to the ultimate’strength (stress ratio), tinj
load holds, time deldy (period for stress relaxation
polymer matrix). between test cycles from which th
ues are obtained)FRP relaxation and friction prope
etc.

, e.g.
load
e for
fthe
b val-
rties,

NOTE 3 ‘Due to the different wave propagation behayiour
for pneumatic pressurization compared to hydrpulic
(altérnative wave propagation within the liquid], the
FRalues obtained from hydraulic tests can be lpwer,
everestimating the severity.

f) Historic Index — H(t)

i=N

> S
N il
_K i=N

D Soi
i=1

H(t)=—
()=
where

H(t) is the hi

N is the number ofthits (ordered by time) up to and
including tirIe te

storic index dt time t.

Soi is the sigmalstrength of the ith hit

The historic index [Fowler et al. (1992, 1995)] is

— aform of trend analysis that requires a statist
significance of data

cal

— asensitive method of detecting a change in slope in
the cumulative burst signal energy versus time cutve
characterized by the “knee” in the curve

— valuable for determining the onset of new damage
mechanisms

— essential independent of test object size.

K is an empirically derived factor that varies with the
number of hits.

14
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Table 1 (continued)

Evaluation criteria

AE feature and information

] is

g) Severity — Sr
15
Sp= 7 z Som
m=1
where

Som is the signal strength of the mth hit.

n empirical derived constant that depends on the

The severity value [Fowler et al. (1992, 1995)] is:

— the average of a specified number (]) of the largest

burst signal strength values

— ameasure of structural damage.

An increase in severity will often correspond to new

structural damage of the type detected by
ratio measurement.

a Felicity

matg

rial of structure.

h) 1

(tensity diagram

The intensity diagram of logarithmic sevel
logarithmic historic index for-each channe
different intensity zones cofresponding to
degrees of damage.

ity vs.
showing
different

0 A

E location clusters

Criteria based on AEdocation cluster data.

High AE activity and/or intensity within a
indicate damage.

The prefepred/location technique for FRP {
zone location.

Analysis of the AE intensity from zone locd
provides information for the assessment o
severity.

If applicable, linear or planar location alloy
tion of AE signal amplitudes for attenuatio
source and sensor position and the determ
size, shape, and growth direction of AE ar¢
by, e.g. weak areas of the structure, delami
agation, impact damage, flaws, etc.

certain area

tructures is

tion
[ damage

VS correc-
h between
ination of
as caused
nation prop-

7.3.4

Stop

Stop criteria

criteria to prevent uniexpected structural failure can be

— progressive increase of the rate of AE activity or AE intensity as a function of loading,

q
— ]

Stop

onstant or increasing rate of AE activity or AE intensity parameter during hold period
Felicity ratio lower than a critical value FRC specific for the structure material.

criteria shall be channel based, zone location, and if possible, cluster (linear or planar loc

s, and

htion) based.

If one of the stop criteria is exceeded, the loading shall be stopped and the test object shall
to a safe load level immediately.

e unloaded

Before the loading is continued, areas with high AE activity and AE intensity shall be investigated and
appropriate NDT measurements made.

The method for calculating AE activity, AE intensity, Felicity ratio, and the stop criteria shall be defined
within the written test instruction by the organization where the AE is being conducted.

The stop criteria values for specific types of loading, temperature ranges of the composite, and test
objects/structures will differ.

© ISO

2015 - All rights reserved
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7.3.7 Health monitoring

Periodic or continuous health monitoring is applicable for detection of fatigue and environmental
degradation mechanisms, sudden impact damage, etc.

The methodology and evaluation criteria are based on the above, but require correlation with process
and environmental parameters for damage assessment.

8 Interpretation of acoustic emission test results/source mechanisms

Acoustic emissi i ificati i i mechanisms from

a) Correlation plots of waveform features [CARP Recommended Practice (1999)]

1) Corjrelation of logarithmic burst signal duration (or counts) vs. burst sighnial peak amplitude.
Stable delamination growth in small specimens involving micro-fracture events will prqduce
medlium or high amplitude and short duration bursts. Signals from.éffects such as unsfable
splicing or major delamination produce high amplitude and leng duration bursts.|Low
amplitude, long duration bursts might indicate sliding or rubbirg. Other sources such as leaks,
ele¢tromagnetic interference (EMI), and radio frequency intexference (RFI) are characterized
by eéxtremely short duration burst signals.

NOTE A characteristic of EMI and RFI is also an instantaneous arrival time for all channe

v

2) Cumulative distribution of burst signal peak amplitude: Different slopes of the peak ampljtude
distribution might indicate different mechanisms:. The b-values characterize the slopes af the
lingds which can be drawn in specific intervals:

b) Post-test filters

Post-test filters, e.g. for time, channel, amplitude, or energy filtering are used to remove extrarneous
noise data sfich as wind noise, mechanical sliding, impact, leak, and noise from operating valves.

9 Report
The AT repdrt shall include the fellowing:

a) identifi¢ation of thesite/of test and the customer;
b) identifi¢ation of€he component under test;

c) written|test procedure;

d) any deviationfromthetestprocedure;
e) reference to relevant procedural documents including the aims and objectives of the test;

f) description of the test equipment in particular instrumentation and frequency and sensitivity of the
sensors used;

g) site operational conditions;

h) results of on-site verification of sensor sensitivity;
i) loading sequence;

j)  type of analysis carried out;

k) testresults;
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