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Foreword

This document (EN 13477-2:2010) has been prepared by Technical Committee CEN/TC 138 “Non-destructive
testing”, the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by March 2011, and conflicting national standards shall be withdrawn at
the latest by March 2011.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 13477-2:2001|.

EN 13477 consists of the following parts under the general title Non-destructive testing — Acoustic emission
— Equipment characterisation:

— Part 1: Equipment description;

— Part 2: Verification of operating characteristic.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,

Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

Documents
4 Document Sharing Hub

Full document details: BS EN 13477-2:2010


http://dx.doi.org/10.3403/02199208
http://www.avadocuments.com/doc/bs-en-13477-2-2010
http://www.avadocuments.com/doc/bs-en-13477-2-2010

BS EN 13477-2:2010
EN 13477-2:2010 (E)

1 Scope

This part of the standard specifies methods for routine verification of the performance of AE equipment
comprising one or more sensing channels. It is intended for use by operators of the equipment under
laboratory conditions. Verification of the measurement characteristics is recommended after purchase of
equipment, modifications, use under extraordinary conditions, or if one suspects a malfunction. The
procedures described in this European Standard do not exclude other qualified methods, e.g. verification in
the frequency domain.

2 Normative references
The following referenced documents are indispensable for the application of this document. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 1330-1:1998, Non destructive testing — Terminology — Part 1: List of general terms

EN 1330-2:1998, Non destructive testing — Terminology — Part 2: Terms common to the non-destructive
testing methods

EN 1330-9:2009, Non-destructive testing — Terminology — Part 9: Terms used in acoustic emission testing

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

IEC 60050 (all parts), International Electrotechnical Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1330-1:1998, EN 1330-2:199§,
EN 1330-9:2009 and IEC 60050 (all parts) and the following apply.

31
AE signal processor
part of an AE channel for the conversion of the output of the preamplifier to digital signal parameters

NOTE The AE signal processor may include additional support functions, e.g. preamplifier power supply, test pulse
control, transient recorder, and more.

3.2

arbitrary function generator (AFG)

electronic device for generating a programmable test signal (burst)
33

DC calibrator

electronic device for generating an adjustable or programmable DC voltage of appropriate accuracy for
stimulating an external parametric input

4 Required test equipment

4.1 List of required equipment

The following minimum test equipment is required:
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a) testbody;

b) shielding test plate;

c) Hsu-Nielsen source, for sensor sensitivity verification;

d) sweep function/variable pulse generator (if function not included in f));

e) multimeter, e.g. for DC voltage and DC current measurement;

f)  test signal generator, e.g. AE calibrator or arbitrary function generator (AFG);

g) Vvariable attenuator, graduated in decibels, can be part of the test signal generator;
h) DC-calibrator, for external parameter stimulation;

i) DC-power-supply, for preamplifier supply, with a proper circuit to decouple and terminate the AE signal, if
the power is fed-in over the signal wire;

j)  RMS voltmeter, with known or settable time constant or time window;

k) dual channel storage oscilloscope, for preamplifier verification, peak noise measurement and
identification of any artefacts on the AE signal.

NOTE Iltems i) to k) can be substituted by a verified AE signal processor comprising peak amplitude and RMS
measurement.

The inaccuracy of the test signal generator shall be significantly lower than the acceptable inaccuracies given
in this standard and summarized in Table 3. Less accurate test signal generators can be used, if the
inaccuracy of each pattern is measured and considered during verification.

The reproducibility of the DC calibrator output shall be significantly lower than the acceptable inaccuracy of
the external parameter verification. The inaccuracy of the DC calibrator at the used measurement levels shall
be obtained and considered during verification (see Clause 8).

All electric/electronic test items shall be calibrated to ensure traceability to S| units.

4.2 Test signal waveforms

The following types of test signals shall be used to verify the operating characteristics of the AE measurement
system:

4.2.1 Continuous sine wave

This type of test signal shall be used to verify the frequency response and gain of the preamplifier and the
continuous signal level accuracy of the AE signal processor.

4.2.2 Triangular modulated sine wave

This type of wave simulates an AE burst signal, see Figure 1. It is defined by the following characteristics:
— A =amplitude;

— R =rise-time;

— D = duration;

— f=carrier frequency.
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Figure 1 — Triangular modulated sine wave in time (left) and frequency (right) domain

The measured rise time may be shorter than the visible rise time of the test signal because rise time
measurement starts at the time of the first threshold crossing. Table 1 shows the dependency of this threshold
crossing delay on the difference between maximum amplitude and threshold setting in an AE channel.

4.2.3 Sine?-modulated sine wave

A sine?-modulated signal (see Figure 2) can be used as an alternative to a triangular modulated sine wave.
Due to its smooth begin, peak and end, its spectrum is very pure and the influence of filter overshoot and filter
ring down behaviour is reduced. This signal can be used to obtain the frequency response of the bandpass of
a preamplifier or AE signal processor by burst peak amplitude measurement.
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Figure 2 — Sine?-modulated sine wave in time (left) and frequency domain (right)

NOTE The shown signal corresponds to the following function:
U[N]=U, xsin(N x2x 7/ SpSW)xsin 2(N X r /(SpSW x SWpB)) (1)
N =0 to (SpSWxSWpB), in integer steps (2)
where

N = number of each sample in time order;
SpSW = Samples per sine wave (48 in Figure 2);
SWpB = Sine waves per burst (41 in Figure 2);

U/N] = Voltage of sample N;
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UP = Peak amplitude (100 mV in Figure 2) of simulated burst.
The resulting carrier frequency /. is a function of the sample time interval (z,):

fo=1/(t, x SpSw’) (3)
or the time interval (z;) for a certain carrier frequency is

t, =1/(f. xSpSW) (4)
Example in Figure 2: ¢, = 1/(200 kHz x 48) = 104.167 ns

Similar to the triangular modulated sine wave, the rise time measured by an AE signal processor is shorter than
the visible rise time of the test signal, because rise time measurement starts at the time of the first threshold
crossing. This so-called “first threshold crossing delay” depends on the difference of maximum amplitude and
detection threshold in dB and is listed for the two modulated test signals in Table 1.

Table 1 — First threshold crossing delay versus amplitude to threshold ratio
for a sin and triangular modulated test signal

Sin? modulated Triangular modulated
first threshold crossing first threshold crossing
Threshold delay delay
% of signal rise time % of signal rise time
A-20dB 19,7 11,0
A-25dB 15,0 6,0
A-30dB 12,3 3,5
A-35dB 8,3 3,0
A-40dB 7,6 1,0

4.2.4 Rectangular modulated sine wave

This type of signal is defined by the characteristics A, D and f, see 4.2.2 and Figure 3.
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Figure 3 — Rectangular modulated sine wave in time (left) and frequency domain (right)
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This test signal shall be used to check the measurement of At It is defined by the characteristics 4 (amplitude)
and D (pulse duration). Figure 4 shows the output of an arbitrary function generator where one sample in a cyclic
output buffer was set to 0,8 V, all others to zero. The buffer was output at a sample interval of 50 ns. A pulse
duration between 50 ns and 500 ns is recommended. The pulse amplitude shall cause a signal amplitude of about
6 dB above the detection threshold. A much higher amplitude may cause additional threshold crossings by ring

down cycles as shown in Figure 5.
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4.2.6 Repetitive signals

Figure 4 — Pulse
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This signal is used to verify the signal processing rate. It is a series of pulses as described in 4.2.5. It is defined by
A (amplitude), D (pulse duration) and f'(repetition frequency), typically 1 Hz — 10 kHz. Figure 5 shows an example
with 1//'= 160 us, taken after the band pass filter of an AE signal processor. The maximum reasonable repetition
frequency is limited by the ring down effect of the band pass filter, if a pulse causes multiple threshold crossings.

[mV]

Key
[mV]

amplitude

Figure 5 — A series of transient signals (pulses) 160 us apart behind the band pass
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