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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting:{Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16148 was prepared by Technical Committee ISO/TC 58, Ga&s “cylinders, Subcommittee BC 4,
Operational |requirements for gas cylinders, in collaboration with\ Technical Committee CEN/T[C 23,
Transportable gas cylinders, of the European Committee for Standardization.
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Introduction

In recent years, new non-destructive examination (NDE) techniques have been successfully introduced as an
alternative to the conventional re-testing procedures of gas cylinders, tubes and other cylinders.

One of the alternative NDE methods for certain applications is acoustic emission testing (AT), which has
prode to be an m‘r‘ppfnhlp fpcting method npplipd during pprindir‘ incppr‘finn in.some countries

The test method requires pressurization to a level greater than the normal filling pressure.
The pressurization medium may be either gas or liquid.

Acougtic emission (AE) measurements are used to detect and locate emission sources. Other NDE methods
are rleeded to evaluate the significance of AE detected sources. Procedures™for other NDE teghniques are
beyond the scope of this International Standard. For example, shear waveangle beam ultrasorjic inspection
is commonly used to establish the exact position and dimensions of flaws‘that produce AE.

This [International Standard includes two methods of AT and, for the‘purpose of differentiation, the methods
are addressed as Method A and Method B (see Clause 3).

With [the agreement of the testing and certifying body approved by the competent authority of the country of
appr¢val, the hydraulic pressure test of cylinders and tubes’may be replaced by an equivalent njethod based
on agoustic emission.

© 1SO 2006 — All rights reserved \
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INTERNATIONAL STANDARD ISO 16148:2006(E)

Gas cylinders — Refillable seamless steel gas cylinders —
Acoustic emission testing (AT) for periodic inspection

cope
This [International Standard is a guideline for using acoustic emission testing (AT) durifg re—qxalification of

less steel cylinders and tubes of water capacity up to 3 000 | used for compresséd)and liqliefied gases.
For gylinders below 20 | additional precautions may be taken due to the potential reflections from the ends.

This examination provides indications and locations that should be evaluated by<{another exanpination for a
possible flaw in the cylinder. This International Standard covers monolithic steekcylinders.

ormative references
The ffollowing referenced documents are indispensable for the’ application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 406, Gas cylinders — Seamless steel gas cylinders— Periodic inspection and testing

C 17025, General requirements for the competence of testing and calibration laboratories

EN 1B30-9, Non-destructive testing — Termifiology — Part 9: Terms used in acoustic emission testing

EN 1B477-1, Non-destructive testing \= Acoustic emission — Equipment characterisatioh — Part 1:
Equipment description

EN 1B477-2, Non-destructive( testing — Acoustic emission — Equipment characterisatioh — Part 2:
Verification of operating characteristic

3 Terms and.definitions
For tihe purposes of this document, the terms and definitions given in EN 1330-9 and the following apply.
3.1

fracture critical flaw
defect that is large enough to exhibit unstable crack growth under certain service conditions

3.2

working pressure

settled pressure at a uniform temperature of 288 K (15 °C) for a full gas cylinder with the maximum
permissible charge of compressed gas

NOTE 1 In North America service pressure is often used to indicate a similar condition, usually at 21,1 °C (70 °F).

NOTE 2 For compressed gases, this value is usually stamped on the cylinder.

© 1SO 2006 — All rights reserved 1


https://standardsiso.com/api/?name=7972c6b8a76522b08caa45b5087ed63d

ISO 16148:2006(E)

3.3

normal filling pressure
level to which a receptacle is pressurized during filling

NOTE

3.4

This is usually greater than the marked working pressure due to the heat of compression.

acoustic emission test pressure
AE test pressure
maximum pressure at which acoustic emission testing is performed

3.5

maximum pr:
NOTE Fd
3.6

maximum a‘lowable pressure

bssure a receptacle may experience

r liquefied gases, this is the developed pressure at the maximum service temperature (e.g. 865 °C).

acoustic emission pressure test range

range of pres

3.7

Method A
acoustic emi
pressure

3.8
Method B
acoustic emi

3.9
secondary A
emissions ot

NOTE C
cylinder expar

4 Operat

When cylind

sources (e.d.

pressures le
structure.

Piezoelectric

sure during which acoustic emission is monitored

ssion testing performed during pneumatic pressurization ta_atleast 110 % of the normal

5sion testing performed during the hydrostatic preof pressurization to the re-test pressure

AE sources
ner than actual crack propagation andplastic deformation

ntact between flaw surfaces as the'cylinder expands, fracture or rubbing of mill scale within a flaw
ds are examples of secondary AE-sources.

ional principles

filling

hs the

brs containing flaws are pressurized, stress waves (AE) can be produced by several different

secondary “sources or actual propagation of cracks). These sources can produce A
5s than, .equal to or greater than working pressure. The stress waves travel throughod

sensors mounted on a cylinder surface respond to stress waves. They are connected to a s

E at
t the

ignal

HP=N 2 ral A= tara iatad itk th Py = £ 41 AALSAL Hadaerth
NUIT TOLUTUOS ML oiylidl pArdiTiCitlo dooULIdITU WILIT UTT pPdooaytt Ul 1T Wwavito Uriuch Uit o

nsor.

processor, W\

Stress waves travel at average speeds. With at least two sensors, one mounted at each end of a cylinder, the
approximate location of AE sources is derived from the measured arrival time of stress waves at the sensors.

If measured emissions exceed the specified levels over a linear distance on the cylinder, then such locations
shall undergo a secondary inspection (for example, ultrasonic examination) in order to verify the presence of
flaws and to measure flaw dimensions. From this secondary inspection, if the flaw depth exceeds the specified
limit (that is, a limit based on a number of factors, i.e. cylinder material, wall thickness, fatigue crack growth
estimates, fracture critical flaw depth calculations and any practical experience), then the cylinder shall be
removed from service.

If after the examination a recalibration proves negative, the relevant cylinder shall be re-examined by a non-
destructive examination (NDE) method other than AE Method A.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=7972c6b8a76522b08caa45b5087ed63d

ISO 16148:2006(E)

5 Personnel qualification

Properly qualified and capable personnel shall perform AT. In order to prove this qualification, the personnel
shall be certified in accordance with relevant standards as approved by the national authority (e.g. ISO 9712,
EN 473, ASNT TC 1A).

6 Special considerations to ensure valid tests

6.1

General

In or
NOT
i.,e.n

After
less
such

If ap
than
be 1(
at an
recef

er to prevent invalid AE examinations when using Method A and to overcome the Kalisg
E 1), the AE test pressure shall exceed that pressure previously exerted on the receptacle’d
brmal filling pressure for compressed gases and maximum allowable pressure for liquefied g

pressurization to more than the AE test pressure, Method A shall not be performed within
han one year or before a sufficient number of pressurization cycles (see NOTE 2) have oc
practice can decrease the sensitivity of the examination.

ressure greater than the normal filling pressure has been applied and*a time period equal
pne year or a sufficient number of pressurization cycles has not-elapsed, then the AE exan
% above this excessive pressure, but shall not exceed the design test pressure (TP) of the

lv stage a receptacle for liquefied gases has been overfilled{this shall be reported to the re

tacle owner or operator. If the AE examination would resuilt in a pressure greater than TP,

A sh

Il not be applied. Only Method B or a conventional re-test-shall be performed.

r effect (see
iring service,
ases.

A time period
curred, since

to or greater
hination shall
receptacle. If
tester by the
then Method

WARNING —Take appropriate measures to ensure safe operation and to contain any ener
be released during the hydraulic test. It should bé-noted that pneumatic pressure tests
precautions than water pressure tests since, regardless of the size of the container,
ing out this test is highly likely to lead.to a rupture under gas pressure. Therefore| these tests
should only be carried out after ensuring that the safety measures satisfy the safety requi

car

NOTH
been

NOTE
under

6.2

Gensg
redugd
allow
that

press

1 The Kaiser effect is characterized\by the absence of AE until the previous maximum applied
pxceeded.

2 A sufficient number of pressurization cycles are dependent upon the design parameters of
going periodic inspection, particdlarly the material composition.

Pressurization

ral practice in,the gas industry is to use low pressurization rates. This practice promote
es equipmentinvestment. AE examinations should be performed with low enough pressuriz
cylinderdeformation to be in equilibrium with the applied load. Pressurization should pro
Ho notsproduce noise from the pressurizing medium. For Method A, typical current g
urization rates that approximate 35 bar/h (3,5 MPa/h) for tubes.

gy that may
quire more
ny error in

ments.

load level has

he receptacle

s safety and
ption rates to
teed at rates
ractices use

NOTE

trated that all

detrimental defects can be detected and the pressurization rate is slow enough to allow the pressurization to be stopped
before bursting of the cylinder. Pressure holds are not necessary; however, they can be useful for reasons other than
measurement of AE.

Secondary AE sources can produce emissions throughout pressurization. Flaw growth normally produces
emissions at pressures higher than the normal filling pressure.

When pressure within a vessel is low and gas is the pressurizing medium, flow velocities are relatively high.
Flowing gas (turbulence) and impact by entrained particles can produce measurable emissions. Considering
this, acquisition of AE data shall commence at some pressure greater than the starting pressure (for example,
one-half of the AE test pressure).

NOTE According to Clause 3, AE test pressure means the maximum pressure at which AT is performed.
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Serious flaws can produce more AE from secondary sources than from flaw growth. When cylinders are
pressurized, flaws can produce emissions at pressures less than normal filling pressure. An AE test pressure
that is at least 10 % greater than normal filling pressure allows measurement of emissions from secondary
sources in flaws and from flaw growth.

Excess background noise can distort AE data or render them useless. Users shall be aware of the following

common sou

rces of background noise:

— high gas fill rate (measurable flow noise);

— mechani

cal contact with the vessel by objects;

— electrom
from oth

— leaks at
— airborne
AT shall not
When perfor|
carrying out
be released.

pressurizatio

It is essentid

agnetic interference and radio frequency interference from nearby broadcasting facilities
er sources;

pipe or hose connections;

sand particles, insects, rain drops or snow, etc.

be used if background noise cannot be eliminated or sufficiently controlled.

ming the AT (especially pneumatically), safety precautions shall be taken to protect pers

Additionally, since AT equipment is not explosion-proof; pfecautions shall be taken whe
h medium is a flammable gas due to the possibility of a leakage of flammable gas.

| that good, instantaneous communication exists ddring manual test operation between th

operator and the pressurization operator so pressurization\can be paused or the pressure redug

necessary.

7 Appar;

Typical featu
in Annex A. A

uring automatic test operations, this shall be efsured by the automatic test equipment.

atus

res of the apparatus required for'this test method are provided in Figure 1. Full specification
An optional approach for souree:location is described in Annexes B and C.

and

bnnel

the examination because of the considerable damage potential/from the stored energy thgt can

h the

e AT
ed if

S are
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©
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The ¢

The

/UU\ Ul

fessure transducer

Coustic emission sensors with integral preamplifier (two for each tube)
be with sensors mounted on sidewall

be with sensors mounted on end flanges

finter

deo monitor

bmputer

Coustic emission signal processor

ower.
Figare“1 — Essential features of acoustic emission examination equipment
ylinder surface at sensor places shall be cleaned (see Clause 9).

couplant shall be used to connect sensors acoustically to the receptacle surface. Only a

have

hesives that

acceptable acoustic properties shall be used (see A.3). Sensors shall be held in contact with the cylinder

wall to ensure adequate acoustic coupling, e.g. with magnets, adhesive tape or other mechanical means.

A preamplifier may be enclosed in the sensor housing or in a separate enclosure. If a separate preamplifier is
used, cable characteristics are critical (see A.4 and EN 13477-1).

Power/signal cable length (that is, cable between preamplifier and signal processor) shall not exceed 150 m
(see A.5 and EN 13477-1).

Signal processors are computerized instruments with independent channels that filter, measure and convert
analogue information into digital form for display and permanent storage. A signal processor shall have speed
and capacity to process data independently from all sensors simultaneously. In addition, it shall not stop
processing and shall unambiguously identify to the operator, should the situation arise where continuous noise

©I1SO

2006 — All rights reserved
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such as from valve leakage, flow noise or high emission rate has rendered the signal permanently above the

system threshold. The signal processor shall provide capability to filter data for replay.

A video monitor should display processed test data in various formats. Display format may be selected by the

equipment operator.
A data storage device such as a compact disc may be used to provide data for replay or for archives.

Hard-copy capability shall be available from a graphics/line printer or equivalent device.

8 Calibration and equipment verification

8.1 Calibration

The pressurg sensors shall be calibrated annually by personnel who are certified by calibration laborat
which are ceftified according to ISO 17025 or equivalent requirements, and the proper function of the lo
apparatus shall be checked, e.g. annually, according to its use.

The performpance of the complete AE system shall be checked according to EN 13477-2 or any equi
standard and shall also be adjusted so it conforms to the equipment manufacturer's specifications.

8.2 Equipment verification

Before and
after the examination, the response of each sensor with the adjoining measurement chain and source lo¢
accuracy shgll be verified by measuring the response according to an artificial, induced AE signal
preferred teghnique for conducting this verification check is;the Hsu-Nielsen source (see EN 1330-9)
diameter of {he pencil lead, the distance to the transducers and the expected peak amplitude respons
interrelated; they shall be specified in the written test instructions.

The verificatlon shall be performed at a distance.where the obtained peak amplitude is within the dyn
range of the [measurement chain. The maximum/variation allowed shall be + 3 dB between all channels
ide the allowed range shall be\corrected.

Dries,
hding

alent

fter the examination, the performance of the AE instrumentation shall be verified. Beforg and

ation
The
The
e are

amic
. Any

The use of ah electronic pulser to checksthat there is no subsequent change in sensitivity, by comparison with

that obtaineq prior to the examination, is an acceptable alternative to the Hsu-Nielsen source check.

pulser is usefd, an approved procedure shall be provided that clarifies its use and calibration. For the test
similar cylinders, the electronic-pulser can also be used for the first sensitivity check based on prior perfo
examinationg.

9 Overall procedure

If the
ng of
rmed

All accessibl

external surfaces of the cylinders shall be visually examined. Record observations in & test

report. (See ISO 6406 or equivalent for the rejection criteria.) The procedure is as follows.

NOTE Accessible implies that the trailer need not be dismantled at time of testing when applying Method A.

a) Mechanically isolate the cylinder to prevent any contact with surface of other cylinders, hardware, etc.

When cylinders cannot be completely isolated, indicate in the test report external sources that may
produced emissions.

b) Connect the fill hose and the pressure transducer. Eliminate any leaks at connections.

have

c) Place the sensor on a smooth surface, but not necessarily on bare metal. As a precaution, the coaxial
cable should be supported so its weight will not cause the sensor to become separated from the

receptacle (see Figure 1);

6 © I1SO 2006 — All rights reserved
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d)

f)

)]

h)

The

furthgr analysis of AE data shall be clearly defined. Supporting data for the choice of test stop cr

ISO 161

Adjust signal processor settings.

Check the system performance by breaking a pencil lead (Hsu-Nielsen source) or by using

48:2006(E)

an electronic

pulser on the receptacle at a distance not less than 10 cm from the sensor. Verify that peak amplitude
exceeds 70 dBg when 0,3 mm pencil lead is used. Adjust signal processor threshold above background

peak noise. The dynamic range described by the difference between mean peak amplitude
Hsu-Nielsen source) and the threshold setting is dependent on the method (A or B). For M
recommended to have a threshold of 40 dB below the minimum value of the maximum peak
the lead break at 10 cm; for Method B, the recommended threshold is 30 dB below the peak
the lead break at 10 cm.

stress waves. For this purpose, lead breaks shall be performed on the receptacle wall ‘wij
distance of the two sensors. The difference between the axial location displayed by the-AH
the real location on the receptacle related to the sensor positions shall be determined for eac
he accuracy shall be within £5 % of the sensor spacing. The inaccuracy betweeh actua
positions shall not exceed +5 % of the sensor distance during calibration. Af ‘this accura
attained, more sensors should be added to reduce the sensor spacing, which may redug
ihaccuracy.

Begin pressurizing the cylinder. Interrupt pressurization if there is aniexponential increase i
from any channel, as a function of pressure. The pressurization/rate’ shall be low enough t

flow noise is not recorded.

onitor the examination by observing displays that show-plots of AE data being generated
Ipcation. If the AE indications meet the criteria of Clause 10, stop pressurization and
ihvestigation.

case of automated control of the system, critical signals are stored in the system under th
of an authority (e.g. notified body). When -during the test procedures these signals arg

¢xceeded, the system is set to immediately interrupt the test run and reduce the press
gystem. At the same time, an optical (lamp) and acoustic signal will alert the personnel respo

Depending on the subsequent examination of the vessel by other NDE means, e.
¢xamination, the vessel will berejected or can remain in service.

btore all data on mass-storage media. Stop pressurizing when pressure reaches the AE
ressure shall be manitored with an accuracy of + 2 % of AE test pressure.

eal-timeevaluation criteria

riteria_that will result in a stop of the pressurization sequence for rejection inspections o

(response to
ethod A, it is
amplitude of
amplitude of

d to produce
hin the axial
system and
h lead break.
and located
y cannot be
e the overall

n AE activity,
b ensure that

versus axial
conduct an

B supervision
reached or
ure from the
nsible for the

g. ultrasonic

bst pressure.

a pause for
teria shall be

available from an appropriate database, standard or experience. The testing procedure can be applied in
various jurisdictions where the rejection criteria can vary but are specified by regulations.

The criteria that will result in a rejection of the tested receptacle or in a stop of the pressurization sequence
for further inspections are influenced by factors such as

type of receptacle,
material and heat treatment,

first or subsequent pressurization.
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Rejection criteria shall be defined clearly before the examination based on an appropriate database, existing
standards or experience. Cylinders that have been rejected based on AE data shall undergo a secondary
inspection (for example, UE) before being put back into service.

The real-time evaluation criteria shall be based on at least one of the following observations:

increase

in AE activity and/or energy as a function of the pressure at any channel;

— number N, of located burst signals with a distance-corrected peak amplitude above a ‘high’ specific value

Aq;

number
Ao withir

NOTE
the recep

Furthermore

the AE 4
two cong

one of th

NOTE Anl
the corrected

11 Test re
Prepare are
a) name(s)
b) serial nu

C) examina

d) previous

N, of located burst signals with a distance-corrected peak amplitude above a ‘low’ specific
an interval of size ‘X’ % of the maximum distance between sensors.

The value of X depends on the accuracy of the AE equipment used, number of sensars-and the s
tacle (e.g. diameter size).

for Method A the pneumatic pressurization shall be stopped immediatelyif

nergy increases in incremental steps from a defined value of energy, which means it doub|
ecutive pressure intervals of 5 % of the maximum test pressure,or

e specific predefined values for either Ny or N, is exceeded:

nex D gives an example of a method to measure the wave attenuation in order to calculate the dista
beak amplitude (see EN 14584).

port

bort from each AE examination containing the following information:
of owner(s) of cylinders;

mber(s) and manufacturer(s);

ion date and where examination was performed;

examination date and previous test pressure;

he operator is~aware of situations where the receptacle was subjected to pressure that exceeded
, these should be described in the report.

lling.pressure (to be supplied by the receptacle owner) and marked working pressure;

value

ize of

es in

hce of

ormal

pressurization medium;
pressurization rate;
pressure at which data acquisition commenced,;

AE test pressure;

of AE sensors;

that bears the serial number (usually this is stamped on the receptacle);

NOTE If
filling pressurg
e) normal f
f)
9)
h)
i)
j)  location
k)
8

© 1SO 2006 — All rights re

locations of AE sources that exceed acceptance criteria, including distance from the end of the receptacle

served


https://standardsiso.com/api/?name=7972c6b8a76522b08caa45b5087ed63d

ISO 16148:2006(E)

[) any acceptable variation from the AE test procedure;

m) name, qualification and signature of examination operator;

n) stacking chart that shows relative locations of cylinders and associated channel number, if appropriate;
0) external visual examination results;

p) AE examination results including

— events versus location plot for each cylinder,

+ distance corrected amplitudes versus location plot for each cylinder,
+— cumulative events versus pressure (or time) plot for each channel of each cylinder;and

+ cumulative energy versus pressure plot for each channel of each cylinder or energly distribution
histograms for each channel;

g) eéxamination procedure and revision number;

r) type of AE instrumentation;

s) description of the pressure equipment;

t)  gketch with dimensions showing sensor and simulated source locations;

u) fesults of system verifications including documentation on achieved location accuracy.

© 1SO 2006 — All rights reserved 9
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Annex A
(normative)

Instrumentation specifications

A.1 Sensors

The AE sens

Sensitivity s
examination

Sensitivity at
in which sen

Sensors shal
(anticoincide

Sensors sha

A.2 Sens(

The sensor
preamplifier

The signal c

generally adg¢quate.

A.3 Coup

The couplant
The couplant

Adhesives m

A.4 Prean

ors shall be resonant in a 100 kHz to 400 kHz frequency band.

nall be greater than —77 dB (referred to as 1 V/ubar, determined by face-to-face’ ultra
over a frequency range of 100 kHz to 400 kHz.

the resonance frequency shall not vary more than 3 dB over the intended range of tempers
bors are used.

| be shielded against electromagnetic interference through proper design practice or diffen
hce) element design, or both.

| be electrically isolated from conductive surfaces by means‘af a shoe (a wear plate).

br cable

signal cable, which connects sensor and preamplifier, shall not be longer than 1,80 m. In
bensors meet this requirement. They have inherently short, internal signal cables.

hble shall be shielded against electromagnetic interference. Standard coaxial “no noise” ca

ant
shall provide adequate-ultrasonic coupling efficiency throughout the examination.
shall be temperature-stable over the temperature range intended for use.

ay be used. if they satisfy ultrasonic coupling efficiency and temperature stability requiremen

nplifier

sonic

tures

ential

egral

ble is

The preamplifier shall have noise level no greater than 3 pV r.m.s. (referred to a shortcut input) within the
bandpass range stated in A.1.

The preamplifier gain shall vary no more than + 1 dB within the frequency band stated in A.1 and temperature
range of use.

The preamplifier shall be shielded from electromagnetic interference.

Preamplifiers of differential design shall have a minimum of 40 dB common mode rejection.
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The preamplifier shall include a bandpass filter with a minimum of 24 dB/octave signal attenuation above and
below the selected frequency band. Alternatively, the bandpass can be located downstream from the
preamplifier in the measurement chain.

A.5

Power/signal cable

Power/signal cables provide power to preamplifiers and conduct amplified signals to the main processor.
These shall be shielded against electromagnetic interference.

Signal loss shall be less than 1 dB per 30 m of cable length. Standard coaxial “no noise” cable is generally
adeqpate. Signal Toss from a power/signal cable shall not be greater than 3 dB.

A.6

A std

A.7

Power supply

Signal processor

ble, grounded power supply that meets the signal processor manufacturer’s specification shall be used.

The ¢lectronic circuitry gain shall be stable within + 2 dB in the temperature range from 0 °C to 4( °C.

Trigger threshold shall be accurate within + 2 dB.

Mead

The ¢ounter circuit shall count threshold crossings-within an accuracy of + 5 % of true counts.

Peak|amplitude shall be accurate within + 2-dB,g.

Arrival time at each channel shall be accurate to within + 1 ps.

Dura

Para

ion shall be accurate to within + 10 ps.

presgure.

©I1SO

ured AE hits parameters shall include peak amplittde, energy and arrival time, and may| also include
durafjon and threshold crossing counts. Also, receptacle ihternal pressure shall be measured.

metric voltage readings-from pressure transducers shall be accurate to within + 2 % of marked working

2006 — All rights reserved
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Annex B
(informative)

Alternative method for source location

B.1 Sensors

The AE seng
shall not vary

ors shall have high sensitivity over the frequency band of 50 kHz to 350 kHz. Sensor résy
by more than 12 dB over this frequency range.

Sensitivity shall be greater than —77 dB (referred to as 1 V/ubar, determined by the transfer_ block me

within the fre|
The diamete

Sensitivity w
temperatures

Sensors shal
(anticoincide

Sensors sha

B.2 Sens¢

The sensor s
than 3 dB ov

Signal cable

gquency range of 50 kHz to 350 kHz.
of the sensitive area of the sensor shall be 13 mm or less to eliminate aperture effects.

ithin the range of intended use shall not vary more than 3 dB_ever the intended ran
in which sensors are used.

| be shielded against electromagnetic interference through‘proper design practice or differ
hce) element design or both.

| be electrically isolated from conductive surfaces bymieans of a shoe (wear plate).

br cable

ignal cable that connects the sensor and preamplifier shall not attenuate the sensor output
br its length. Integral preamplifier sensors meet this requirement.

5 shall be shielded against electromagnetic interference. Standard coaxial “no noise” ca

generally adg¢quate.

B.3 Coup
The couplant
The couplant

Adhesives m

ant
shall provide.adequate ultrasonic coupling efficiency throughout the examination.
shall bextemperature-stable over the temperature range intended for use.

ay-be used if they satisfy ultrasonic coupling efficiency and temperature stability requiremen

onse

thod)

je of

ential

more

Dle is

B.4 Preamplifier

The preamplifier shall have a noise level no greater than 3 uV r.m.s. (referred to a shorted input) within the
bandpass range stated in B.1.

The preampilifier gain shall vary no more than + 1 dB within the frequency range stated in B.1 and temperature
range of use.

The preamplifier shall be shielded from electromagnetic interference.
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Post-amplifier and filtering
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The electronic circuitry shall be stable to within £ 2 dB in the temperature range from 4 °C to 40 °C.

Trigger threshold shall be accurate to + 2 dB.

The post-amplifier shall include a bandpass filter with a minimum of 6 dB/octave signal attenuation above and
below the frequency band stated in B.1.

The post-amplifier gain shall vary no more than + 1 dB within the frequency range stated in B.1 and the
temperature range of use.

The ;Ixost-amplifier shall be shielded from electromagnetic interference.

B.6

The
elect
“‘non

B.7

The gnalog-to-digital (A/D) converter shall meet the following specifications:

— 1esolution no less than 16 bits over 1V pp;

—
—
—

The
10m
less
triggs

Para
work

Power/signal cable
power/signal cables between the preamplifier and post-amplifier~shall be shiel

omagnetic interference. Signal loss shall be less than 1 dB per 30 m(of cable length. Sta
pise” cable is generally adequate. Signal loss from a power/signal cable shall be no greater

Digital acquisition electronics

lock speed no less than 5 MHz;

ynamic range no less than 80 dB;

table (to the dynamic range stated previously) over the temperature range stated in B.5;
apable of acquiring data in{pre-trigger mode.

system shall be capable)of digitizing and recording transient signals of no less than 6 ms d
tube) if both channels' are triggered at the same time; or digitizing and recording transient
han 3 ms (for a~10’m tube) and time stamping each recorded transient signal to 0,2 us if

red independently.

metric voltage readings from pressure transducers shall be accurate to within £2 % of
ng pressure.

ded against
dard coaxial
han 3 dB.

uration (for a
signals of no
channels are

the marked

Press

ure data shall be acquired at a rate of no less than 1 Hz

B.8

Signal processing

Modal acoustic emission (MAE) data shall consist of digitized waveforms.

The system shall have the capability to allow the user to input the propagation velocity for the wave mode to
be used for the source location.

The system shall allow the user to specify the sensor spacing.

©I1SO
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The system shall allow the user to identify the time of arrival of the selected wave mode to the accuracy
required for the lead break verification to be used for the source location in the digitized signal.

Captured waveforms shall be marked with the pressure at which the event occurred.
Source location time resolution shall be no less than 0,2 ps.

The system shall perform source location calculations using standard linear source location algorithms.
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Annex C
(informative)

Example instrument settings, examination methods
and rejection criteria for modal acoustic emission (MAE)

C.1 MAE information

C.1.1 Introduction to MAE

This [annex establishes certain testing criteria for the MAE testing of some cylinders. It incorporates MAE
techrfiques in the evaluation of the source location. It is now established in the AEiterature that[crack growth
in steel cylinders leads to the release of ultrasonic waves that propagate as, plate waves, sgecifically the
lowest order extensional and flexural modes, as is shown in Figure C.1.

Key

1 ektensional mode
2 flexural mode
3 flexural mode reflection

Figure C.1 — Waveform showing extensional and flexural modes, and the flexural mode|[reflection

timing circuit
plate waves
exhibjitsignificant dispersion, an initially sharp pulse at the origin spreads and changes shape copsiderably as
it propagates (see Figure C.2). Source location errors occur when the threshold crossing is not on the same
phase points for the wave arrivals at the sensors. MAE measurements allow the user to select the arrival of
the waveform based on wave mode. Instrument specifications are given in Table C.1.

The sensors were 30 cm apart, and a lead break was performed near sensor number 1. Unlike bulk waves,
plate wave propagation velocities are a function of frequency, and thus the wave is distorted as it propagates.
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Figure C.2 — Waveforms showing the change in pulse due to dispersion

Tablle C.1 — Modal acoustic emission equipment, characteristics and set=up conditions

Parameter

Value

Sensor sensitivity

—77 dBV ref. 1 V/ubar

Couplant

Silicone grease

Preamplifier filter

20 kHz to 1 000 kHz bandpass

Signal processor filter

20 kHz to 1 000 kHz bandpass

Signal processor threshold

32 dBV (1 uV\= 0 dB at preamp. input)

Background noise

< 27 dBVN# nV = 0 dB at preamp. input)

Sensitivity check

> 80dBV (1 nV = 0 dB at preamp. input)

A/D resolution

16'bits, 1 V pp range

A/D dynamic range >80 dB
A/D sampling rate >5 MHz
Parametric sampling rate >1Hz

Parametric accuracy 2 % of vessel operating pressure

C.1.3 Extensional- versus flexural-mode source location

At frequency x and\thickness < 1, extensional waves are almost non-dispersive, and flexural waveg are
dispersive. At freguency x and thickness > 1, extensional waves become dispersive, and flexural waves| non-
dispersive (sg€-Fig. C.1). To obtain an accurate source location, the user must interpret dispersion curyes in
wave plate diagrams and consider which wave mode is dispersive and which is not. To determine arrival times
at the sensors, the user selects the same phase point on the extensional mode. In order to perform source
location on the flexural mode, the user must determine the arrival time of the same frequency in the
waveforms to be used for the source location. This must be done since the flexural mode is dispersive in the
frequency range of interest for cylinder testing.

C.1.4 Reflections/wrap waves

Reflections or waves that wrap around the receptacle as they propagate should not be used in the source
location analysis (see Figure C.1). Wrap waves can have very large amplitudes due to constructive
interference and, if used to determine time-of-flights for the location analysis will lead to large location errors.
MAE analysis allows the user to identify and eliminate these from the analysis.
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