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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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Non-destructive testing — Acoustic emission testing —
Steel structures of overhead travelling cranes and portal
bridge cranes

1 Scope

This
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2 Normative references
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document applies to the testing of steel structures of in-service overhead. travelling
1l bridge cranes. Testing of other kinds of cranes can refer this document.

testing method is not intended to be an alone NDT standard method*for the evalu

to verify and supplement the AT results.

document does not establish evaluation criteria.

following documents are referred to in the textin such a way that some or all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

310, Cranes — Test code and procedure

| 2714, Non-destructive testing — Aéoustic emission inspection — Secondary calibratio
fion sensors

2716, Non-destructive testifig:— Acoustic emission inspection — Vocabulary

[R 13115, Non-destructive'testing — Methods for absolute calibration of acoustic emission
e reciprocity technigue

[erms and definitions

he purpdses of this document, the terms and definitions given in ISO 12716 and the foll

ndAEC maintain terminological databases for use in standardization at the following ¢

document describes the acoustic emission (AE) testing technique used to perforrtl structural
rity evaluation on steel structures of overhead travelling cranes and portal bridge cranes.

cranes and

ation of the

tural integrity of overhead travelling cranes and portal bridge ¢ranes. Other NDT methods are

heir content
applies. For
hts) applies.

n of acoustic

transducers

bwing apply.

ddresses:

— 1
3.1

la¥a wfa VW 1 . 1l 111 P e LL . L1
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EC Electropedia: available at http://www.electropedia.org/

acoustic emission source
AE source

source point or spatial position in the material where transient elastic waves are generated by the
release of energy
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acoustic emission location source

AE location

source

spatial area comprising one or more clusters associated with an AE source (3.1) and encompassing the
true physical location of the AE events giving rise to the AE source

Note 1 to entry: Common location methods include zone location, computed location and continuous AE signal

location.

3.3
activity
<of acoustig

HeCE (2 2)

with

loading pro

3.4
intensity
<of acousti
source (3.2)

Note 1 to enjtry: Burst AE source intensity related parameters are, e.g. maximum_amplitude, energy, s

strength and
root mean sq

3.5

ST oToOT oot ce

ess or loading time

1
........... ottt o =7

emission source> average elastic energy released by the AE events ifi’the AE loc|

to a certain extent, ring down counts. Continuous AE source intensity rélated parameters ar
uare (RMS AE) signal voltage, average rectified signal voltage and average signal level (ASL).

maximum ¢perating load

maximum a
AE testing

4 Gener

The main pu

peration load is the maximum load of the crane beaping in the last 6 months befor

al principles

the parent metal of steel structures, weld surface'and internally, and locate the acoustic emission sg

The acousti
load holding
structure b
electric sigr
and then pr

5 Qualif]

It is assume
case, itisre

C emission testing shall be done-during the loading process, which includes the loa
and unloading. The acoustit.emission sensors should be arranged on the surface of
bing detected, to receive(the signals generated by the active source and transfer if]
als. The AE instrument is used to collect, handle, display, record and analyse the sig
pvides the parameter(s and location of the acoustic emission source.

jcation of personnel

d that AEtesting is performed by competent personnel. In order to ensure that this i
fommended that the personnel meet the requirements of ISO 9712 or equivalent.

ntion

ignal
e, e.g.

e the

rpose of acoustic emission testing (AT )'is-to detect the acoustic emission source generated in

urce.

ding,
steel

into
nals,

s the

6 Equip

6.1 AE testing system

AE testing e

mploys an AE instrument, AE sensors, preamplifiers, and interconnecting cables.

This combination together with some mechanical equipment holding the sensors forms the AE
testing system.

All essential parts of the system shall be defined in a written procedure agreed at the time of enquiry
or order (see 10.2).
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6.2 AE sensors
Itis recommended to use sensors in the frequency range between 100 kHz and 400 kHz.

The minimum sensitivity shall be equivalent or greater than 60 dB referred to 1 V/(m-s-1) in surface
wave sound field calibration, or in longitudinal wave calibration.

When sensors with other response frequencies are used, they shall provide enough sensitivity within
its frequency band.

Sensors shall be shlelded agalnst radlo frequency and electromagnetlc noise 1nterference by proper
i sensor shall

be el ctrlcally 1solatedfrom a metalhc test ob]ect

The AE sensors shall be stable over the response frequency and temperature range of use, dnd shall not
exhilbbit sensitivity changes greater than 3 dB over this range.

AE s¢nsors mounted on the surface of a steel structure shall be insulation from'each other.

For dufficient sensitivity, a pencil lead break of 0,5 mm diameter, hardnes§s 2H, in 50 mm djstance from
the sensor, shall generate an amplitude of at least 95 dBag.

The ¢alibration of the sensors shall be performed according to 1S0,12714 or with ISO/TR 13115.

6.3 | Signal cables

The [signal cables connecting sensors and preamplifiers shall be shielded against elecfromagnetic
interfference. Its length shall not exceed 1 m, unless the length-depending signal loss is cornlsidered and
acceptable.

This[requirement may be omitted where the preamplifier is mounted in the shielded sensor housing.

6.4 | Couplant

The fised couplant should keep good sound transfer effect during testing.

6.5 | Preamplifiers
The preamplifiers may be separate or may be mounted in the sensor housing.
The RMS voltage ofpreamplifiers circuit noise shall be less than 7 pV.

The preamplifiers'shall be stable over the response frequency and temperature range of ufe, and shall
not exhibit sensitivity changes greater than 3 dB over this range.

The [preéamplifiers response frequency shall match with that of the sensors, and the |gain of the
preamplifiers, usually 40 dB or 34 dB, shall not cause saturation of the measurement chain up to a
100 dBaEg signal amplitude.

If the preamplifiers are of differential design, a minimum of 40 dB of common-mode rejection shall be
provided.

6.6 Power-signal cables

The cable providing power to the preamplifier and conducting the amplified signal to the main processor
shall be shielded against electromagnetic noise. Signal loss shall be no more than 1 dB per 30 m of cable
length. 150 m is the recommended maximum cable length to avoid excessive signal attenuation.

The cables providing power to the preamplifier and conducting the amplified signal to the main
processor shall be shielded against electromagnetic noise.

© ISO 2018 - All rights reserved 3
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The signal loss of cables depends on type of cable, frequency and length. With cable length above 10 m,
the resulting attenuation and the voltage drop off the DC-supply shall be evaluated and considered in

the data ana

lysis. The signal loss shall be no more than 1 dB per 30 m of cable length.

To avoid excessive signal attenuation, the recommended maximum cable length is 150 m.

6.7 Filters

The response frequency of filters in the preamplifiers and the AE instrument shall match with that of
the AE sensors.

6.8 AEin

The AE inst
instrument
threshold, a
is able to re

The individy
response frg

The measur]
The measur]

The instruni

strument

rument shall have enough AE channels to cover the testing area. For each ¢hanne
chall provide as a minimum the following features: displaying and recording.6farrival
mplitude, count, energy, rise time, duration time, and hits. It is preferred thatthe instru
reive and record also external electric signals, such as pressure, tempenattire.

hal sampling frequency of each channel shall be not less than 10 times the sensors’ ¢
quency.

ement inaccuracy for threshold above 40 dBaEg shall be bettérthan +1 dB.
ement inaccuracy for counts shall be better than 5 %,

ent shall be capable to process, store and display at least 20 hits per second at all char

The delay and display from the arrival of the AE hits shall netexceed 10 seconds. An alarm shall g

if the hit raf
runs short.

The measur

e exceeds the capability of the instrument. A .warning shall occur when the storage §

ement inaccuracy for peak amplitudes@bove 40 dBag shall be better than +1 dB. U

dynamic range shall be a minimum of 65 dB.

The measur]

ement inaccuracy for energy above 40 dBag shall be better than +5 %.

If delta-t solrce location is used, the reSelution of rise time, duration and arrival time for each cha

shall be betf
The measur

During dat{
parameter
locations. T

er than 0,25 us. The erpor-of arrival time between each channel shall be better than ]
bment inaccuracy for the external parametric inputs shall be better than 2 % of the full r

acquisition, AEZsoftware shall be capable to display the following diagrams: an
bersus time ©Oroad, one AE parameter versus another AE parameter, linear and p
ne real-time&update time for all diagrams shall be not more than 5 s.

|, the
time,
ment

entre

nels.
ccur
pace

sable

innel
B LS.

hnge.
y AE

anar

data.

The AE analsis software shall provide functions to replay and to analyse the recorded AE testing
6.9 Mainw

The performance of the testing system shall be verified at specified intervals in conformity with the
methods provided by the manufacturer of the AE instrument, or refer to EN 13477-1 and EN 13477-2.
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7 On-site operation
7.1 Preparation of documentation

7.1.1 Preliminary information
Prior to the definition of the testing, some or all of the following information is necessary:
— the purpose of the test;

— details of the crane to be tested;

— the physical location of the area where the test shall be performed;
— the requirements for surface preparation;

— the sensitivity of the test;

— the method used to verify the sensitivity;

— the acceptance criteria, if specified;

— Ither requirements in relation to the test report;

etails of qualification of personnel.

The following documents for the tested crane are required as a minimum before performing an AE test:

a) anufacturing documents of the crane to be tested, e.g. product certification, quality qualification
ocument, as-built drawing;

b) @peration recording documents of the C€rane, e.g. operating conditions and parametjers, loading
fluctuations, abnormal situation in operation;

c) Irevious inspection and testing teport;

d) other documents, e.g. drawing'and record showing repairs or modifications.

7.1.2 Site investigation

Priof to testing, it is nee€ssary to carry out a site investigation to find all interference factors, such as
friction of scaffold{electromagnetic interference, vibration. The interference of these factors shall be
avoided during on¢site testing.

eral testing
1g place and

7.1.4 Sensor array

A sufficient number of sensors shall be mounted on the steel structure of the crane to enable AE signal
detection and source location, according to the dimension of the structure and the purpose of the
testing. The allowed maximum sensor spacing can be determined by based on measured attenuation
curve of AE amplitude. This can refer to EN 14584 and EN 15495. The spacing between sensors shall be
the same as far as possible. All the sensors shall be numbered and indicated in the schematic diagram of
the structure. Annex A provides guidelines for sensor placement for some structures of cranes.

© IS0 2018 - All rights reserved 5
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7.1.5 Loading procedure

Aloading procedure should be established according to the purpose of AE testing and the real condition
of the crane.

The communication of the AE operator with the loading operator shall be included in the test procedure.

7.2 Mounting of sensor

The mounting of sensors shall meet with the following requirements:

The se

a)
distanc
structu

b) The pla
luster. ]

accepta
Efficien

d) Firmly f

an adhe¢

7.3 Settings of the AE instrument

7.3.1 General requirements

Connects th
and wait uj
debug the A

7.3.2 Simulating of AE sources

Simulated A
localisation

The simulat]
representat

The simulat

When using
2H pencil le

The pencil I¢

oy Lhall bao oot ollad o rding o +1 0 ifiad near—arraz—Th 0 Py Lhall 1o
OUT O OIldIl UL TIIotdIliiItu dllvul uuis LU LIIC oy\,\,ul\,u OCIIOVUI ﬂllﬂ)’- IITIC OCIIOUI O OlIldIT 1A\
e to welding attachment such as supporting steel plate during the whole testing(o
Fe. For local testing, the testing area shall be in the centre of the sensor array.

Ce for the mounting of a sensor on the structure shall be smooth and showing'the me
'he coating can be kept when it is smooth and compacted and measured-attenuati
ble.

k couplants such as vacuum grease, vaseline, are recommended.

ixing of the sensors with the structure shall be performed by amagnetic holding devig
sive tape or other stuff, keeping the insulation.

e sensors and preamplifiers with the main.pbocessor by cables, turn on the AE instru
til the equipment is in proper working ctondition. Roughly set the instrument and
F: system following steps 7.3.2 to 7.3.6.

LE sources are used to determine the sensitivity of each channel and to calibratg
system of AE sources.

ed AE sources should be capable of producing a transient elastic wave having an ampl
ve of the AE signals.

bd AE sourcemiay be a breaking pencil lead or an electronically induced event or equivg

the pencillead break technique, the simulated AE signals shall be generated by bre3
hds (0,3 mm or 0,5 mm diameter) against the component surface at the prescribed poi

bads shall be broken at an angle of approximate 30° to the surface using about 2,5 mm p

ep a
f the

tallic

on is

e, by

ment
then

b the

tude

lent.

king
nts.

encil

lead extensi

II.

The detected peak amplitude of the simulated event should be at a fixed distance near the sensor,
typically 100 mm # 5 mm, and the responsive value shall be the average of more than 3 times.

7.3.3

Sensitivity setting

The sensitivity setting for all channels shall be done before and after the testing. The average peak
amplitude of any sensor shall be within *4 dB of the average of all sensors.

7.3.4 Determination of attenuation curve

The attenuation of acoustic emission signals for different steel structures shall be determined.

© ISO 2018 - All rights reserved
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This is necessary for determining the sensor spacing for effective detection of AE sources and
recalculation of signal amplitude to source location.

If attenuation data from the same testing condition is already available, it is not necessary to determine
the attenuation again, but the attenuation data shall be indicated in the record and test report.

7.3.5 Calibration of the positioning system

When using the computed localization, the simulated AE signal shall be received and be located solely
within the sensor array on the component.

The g
Whe

7.3.4

The Ibackground noise of the testing environment shall be tested for at least 5'nrinutes befor

by lo|
The {
If thg

in th
testi

7.4

7.4.1

The
load
by th

The {

and holding for at least 10 minutes.

The {
and 1

7.4.2

Attention is tobe paid to the following factors that can affect the testing results:

a) {

£ i - 1 111 dul Pl il 4 W4 Ll .
I'TUL U pUSIUIVUILIIT G SIIAIT DT TTU TTTUTC LA = 07770 UL LIIT STIISUT S SPdUILlE.

h using the zone location, the simulated AE signal shall be received by at least one sensor]

Determination of background noise

wering the threshold voltage.
esting threshold of each channel shall be higher than the backgfound noise by at least

e background noise is close to or larger than the AE signalsicaused by the active dig
e steel structure, the background noise shall be eliminated; or it is not suitable to per
hg.

Performing the test

Loading procedure

in that area.

e the testing

6 dB.

continuities
form the AE

oading procedure shall be performed“in accordance with ISO 4310, and the recommend testing

shall be 1,1 times to 1,25 times of the rated lifting capacity or the maximum operatin
e owner of the crane based on thie,operating condition.

esting load should be lifted.up in the centre of the beam to 100 mm to 200 mm above

est shall be repeated two times. The load in the second test shall not exceed that of t
he recommend load’8hall be 97 % of the first load.

Noise during testing

bxtérnal mechanical vibration;

b load, given

the ground,

he first test,

b) mechanical friction;

c) electromagnetic interference;

d) weather conditions, such as interference from wind, rain, hail.

The testing shall be suspended when there is strong noise, and it can be continued when this strong
noise has been excluded.

7.4.3 Data acquisition and observations during testing

The data acquisition shall include the parameters given in 6.8. The sequence of signals in each channel
is required when using zone location.
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During testing, the trend of the AE hits and/or location sources versus time shall be observed for each

channel.

For an area bristled with located AE sources, it shall be checked whether there is external interference.

7.4.4 Data processing

The noise observed during the testing shall be determined and indicated in the test records. Using
software filters or graphic data display analysis methods, the non-correlated signals shall be separated
from relevant AE signals, and indicated in the test records.

The positio
to be charad

8 Interpretation and evaluation of test results

On completi
location of t

The evaluaf

method for test results.

9 Acceptance criteria

The accepta|

For locatioj]
contractors
penetrant tg

10 Documentation

10.1 Gene

The docum
test report.

ral

10.2 Written testing procedure

The organiz

this documgdnt.

The general

Ho s nn b ool

terized, the area shall be confirmed by simulated AE sources.

on of the test, the results shall be documented in a test report. A schematic diagram ¢
he AE sources of the tested structure may be drawn if necessary.

ion of the test results shall be performed. Annex B gives one. recommended evalu

Ince criteria shall be specified by the contracting parties.

)s where the AE source level is higher than the acceptance criteria specified by
other NDT methods, such as ultrasonic testing (UT), magnetic particle testing (MT) o
sting (PT), shall be used for the confirmation of the AT results.

ation performing the AE testing shall prepare the written testing procedure accordi

requirements for the application and use of the AT method for a crane are describ

need

f the

ting

r the
r dye

entation in general consists of the written testing procedure, testing records angl the

hg to

ed in

application

— product standards;

— specific

ations;

— codes of practice;

— contractual documents.

The testing procedure shall be derived from these documents and shall describe all the essential

parameters

The following shall be included in the written test procedure:

as well as the precautions to be observed.

a) the purpose of the test;

8
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b) adescription of the crane to be tested;

c) the application documents;

d) details of qualification of personnel;

e) the AT equipment including the instrument, sensors, preamplifiers, main processor, cables;
f) the testing software used;

g) the areato be tested;

h) getaitsofsurfacepreparation;

i) adescription of the test and the sequence of the steps in the test;

j)  the arrangement of the sensors;

k) determination of the background noise and the sensitivity of sensors;
Ietermination of attenuation for AE signals;

m) the testing process, data analysis and interpretation;

n) the verification intervals for the instrument and the sensors;

o) the evaluation of testing results;

p) other information to be included in the test report;

q) ¢$ignature of preparing, reviewing and approving personnel and date.

10.3 Test records

The test records shall at least include thie)contents given in 10.4. The test records and AT data shall be
keptjaccording to contractual agreements.

10.4 Testreport
The test report shall contain sufficient information to enable the test to be repeated at a fufure date.
At legst the followingshall be included:
a) identificationofthe manufacturer of the crane;
b) identification of each tested object;

c) feference to the application documents and the testing procedure;

d) a technical sheet (or equivalent]) giving the details of the procedure in cases where the testing
procedure allows a variation of the test method, the equipment or the equipment set-up;

e) identification of the test system, in particular all details necessary for the complete identification
of the type of instrument and type of sensors used;

f) the instrument settings used;

g) the identification of the reference simulated AE source used;
h) the results of the test;

i) any deviation from the test procedure;

j) the organization responsible for carrying out the test;

© ISO 2018 - All rights reserved 9
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k) the name and qualification of the person who carried out the test;

1) the signature of the person who carried out the test or the name and signature of another
authorized person;

m) the date and place of the test.

The format of the test report shall be agreed at the time of enquiry and order.

10 © ISO 2018 - All rights reserved
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Annex A
(informative)

Guidelines for sensor placement

Figures A.1 to A.3 gives examples of sensor placement for the common steel structures in cranes.

Sensprs should be ptaced inm areas Where nignest tensile SIresses OCCUr or from experience cracking is
expefcted. The positions of the load and bearings should be marked.

The humber of sensors and maximum distance between adjacent sensors should.-beldeteimined from
box dtructure attenuation characterization.

O densor location

Figure A.1 — Case 1 — Box structure

Key
O densorlocation

Figure A.2 — Case 2 — Flanged beam

1

O

Key

0 sensor location

Figure A.3 — Case 3 — 1, 2, 3 AE source locations

© ISO 2018 - All rights reserved 11
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Annex B
(informative)

Evaluation of test results

B.1 General

The evaluat
holding peri

|

B.2 Dete

When using
shall be detg

area is no more than 10 % of the distance between two adjacent sensors.

When using

B.3 Evaluation of the AE source activity level

If the AE lod

If the AE lo
minute < E <

If the AE lod
minute), the

ods. The others should only be used as a reference.

rmination of the area of an AE source

the zone location, the area of an AE source shall be determined according to the actual

ation events (abbreviated E) in the AE source area are rapidly growing during load ho
(E = 10 per minute), the activity level of the AE source shall'be characterized as very strong.

cation events in the AE source area are continuous growing during load holding (3

ation events in the AE source an€aare intermittent growing during load holding (E <

on of the test results shall be in accordance with the AE signals within the first tw

source location based on the time difference between channels, thie area of an AE sq
rmined according to the cluster area of the AE location sources. Thelength of the AE sg

10 per minute), the activity level of the-AE source shall be characterized as strong.

activity level of the AE source-shall be characterized according to Table B.1.

Table B.1 —Eyaluation of the AE source activity level

load

urce
urce

area.

lding

per

B per

Characterization of the activity level of an AE source area Activity level
AE location events,during two hold periods: E < 3 per minute weak

AE location events during two hold periods: 3 per minute < E < 10 per minute medium
AE location\évents during two hold periods: E > 10 per minute strong

B.4 Evallllation of the AE source intensity level

The intensity of the AE source (abbreviated @Q), shall be indicated by the energy, amplitude or counts

from the AE

source area.

The calculation of the intensity shall be the average of energy, amplitude or counts of the 5 biggest
events from the AE source area, and the amplitude shall be recalculated to source location according to

results of the

attenuation measuring.

The evaluation method of the intensity level shall be in accordance with Table B.2, and the value of the

criteria a an

d b shall be determined by experiments, e.g. by destructive testing of the structure.

Table B.3 gives an example for a Chinese steel grade Q235 carbon steel.
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