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European foreword 

This document (EN 13477-2:2021) 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 April 2022, and conflicting national standards shall be 
withdrawn at the latest by April 2022. 

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

This document supersedes EN 13477-2:2010. 

In comparison with the previous edition, the following technical modifications have been made: 

— Improvement of Clause 3 “Terms & Definitions”; 

— Improvement of Clause 5 “Sensor verification”; 

— Improvement of Clause 6 “Pre-amplifier verification”; 

— Improvement of Clause 7 “Acoustic emission signal processor verification”; 

— Improvement of Clause 8 “Verification of the system performance”. 

Any feedback and questions on this document should be directed to the users’ national standards body. 
A complete listing of these bodies can be found on the CEN website. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations 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, Republic of North 
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United 
Kingdom. 
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1 Scope 

This document specifies test routines for the periodic verification of the performance of acoustic emission 
(AE) test equipment, i.e. sensors, pre-amplifiers, signal processors, external parametric inputs. 

It is intended for use by qualified personnel to implement an automated verification process. 

Verification of the measurement characteristics is advised after purchase of equipment, in order to obtain 
reference data for later verifications. Verification is also advised after repair, modifications, use under 
extraordinary conditions, or if one suspects a malfunction. 

The procedures specified in this document do not exclude other qualified methods, e.g. verification in the 
frequency domain. These procedures apply in general unless the manufacturer specifies alternative 
equivalent procedures. 

Safety aspects of equipment for use in potentially explosive zones are not considered in this document. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 1330-1:2014, 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 1330-9:2017, 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 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 1330-1:2014, 
EN 1330-2:1998 and EN 1330-9:2017, and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

— ISO Online browsing platform: available at https://www.iso.org/obp 

— IEC Electropedia: available at https://www.electropedia.org/ 

3.1 
acoustic emission signal processor 
ASP 
part of an AE channel for the conversion of the output of the pre-amplifier to digital signal parameters 

Note 1 to entry: An AE signal processor can include additional support functions, e.g. pre-amplifier power supply, 
test pulse control, transient recorder and more. 

3.2 
arbitrary function generator 
AFG 
electronic device for generating programmable test signals, various waveforms and direct current (DC) 
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3.3 
high-accuracy digital voltmeter 
HADVM 
electronic device for precise measurement of the DC voltages used for stimulation of external parametric 
inputs 

3.4 
current measurement adapter 
CMA1 
electrical device for the convenient measurement of DC consumption of a pre-amplifier, supplied by an 
AE signal processor 

3.5 
50 Ω terminator 
coaxial plug (BNC style) with an internal 50 Ω resistor between inner wire and shielding 

3.6 
high impedance 
HiZ 
high impedance condition of an electrical connection, which is usually terminated by 50 Ω 

3.7 
DC blocker 
BNC male to BNC female connector piece with a capacitor, 10 µF/50 V, non-polarized, between the inner 
wires of both connectors, feeding an alternating current (AC) signal through but blocking off its DC 
component from an arbitrary function generator (AFG) or a 50 Ω terminator 

3.8 
distinction of designations from text 
distinction in which normal text is reproduced in standard font (Cambria 11 Pt.) and designations in bold 
italic font, when it indicates a variable and in bold non-italic font, when it indicates a constant 

Note 1 to entry: For optimized legibility, superscripts are avoided with the exemption of “2” (for “square”,  
e.g. “sin2”), and subscripts are avoided with the exemption of “dBAE”, “VP”, “VPP”, and “VRMS”. 

3.9 
item under verification 
IUV 
general term and placeholder for any designation code 

Note 1 to entry: Lists of items under verification, differently sorted, can be found in Annex E, Tables E.1 and E.2. 
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3.10 
designation code 
abbreviation of an item under verification, consisting of one or two characters (sometimes more in order 
to identify further information) and, for certain items, a one or two-digit number, either a setpoint 
number, or the character “s” as placeholder for the setpoint number, or the number of an external 
parametric input, or the character “x” as placeholder for the input number 

Note 1 to entry: If no extension is appended to a designation code, the measurement value of that code is meant. 

EXAMPLE 1 Rs identifies the measured rise-time of setpoint s, see 7.6.4. 

EXAMPLE 2 EA1 identifies the measured energy value of the first setpoint of the maximum amplitude-varied 
energy verification, see 7.6.6. 

EXAMPLE 3 BGRMSs identifies a measured RMS value of the continuous background noise using the maximum 
amplitude setpoint As'T of the continuous sine wave test signal C-Sw'T with a nominal frequency F'N, see 7.3.2. 

3.11 
'N 
designation code extension for a nominal value of an IUV for a certain setpoint, defined by the 
manufacturer or a procedure or calculated by a formula 

EXAMPLE 1 A1’N defines the first nominal maximum amplitude setpoint of a series to be stimulated, measured 
and verified against well-defined acceptance criteria, see 7.6.2. 

EXAMPLE 2 EAs’N defines a series of nominal signal energies, calculated by using a given formula, to be 
stimulated, measured and verified against well-defined acceptance criteria, see 7.6.6. 

3.12 
‘S 
designation code extension for an AE system setpoint 

EXAMPLE BPN’S defines the narrow bandpass to be used in the AE signal processor, for measurements as 
defined in the procedure. 

3.13 
’T 
designation code extension for a test signal setpoint 

EXAMPLE 1 A’T defines the calculated maximum amplitude setpoint for the test signal of the arbitrary function 
generator (AFG) output. 

EXAMPLE 2 S2-Sw’T defines the setpoint for the AFG to generate a sin2-modulated sine wave burst. 

3.14 
.MA 
designation code extension for a manufacturer-specified acceptable deviation of a measured maximum 
amplitude from the nominal value, in dB 

3.15 
.MP 
designation code extension for an acceptance factor, which, when multiplied with the nominal value of a 
linear setpoint, results in the acceptable deviation of a measured value from the nominal value, specified 
by the manufacturer  

Note 1 to entry: For verification of the maximum amplitude, A.MP shall be converted from A.MA by Formula (33). 
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3.16 
.MB 
designation code extension for an acceptable deviation, which is independent of the nominal value, 
specified by the manufacturer, see Table C.3 

3.17 
.U 
designation code extension for an upper acceptance limit, specified by the manufacturer for certain items 

EXAMPLE NSWP.U defines an upper limit for the internally generated AE signal processor noise in µVP. 

3.18 
.L 
designation code extension for a lower acceptance limit, specified by the manufacturer for certain items 

EXAMPLE DR.L defines the lower acceptance limit for the dynamic range of a pre-amplifier, see 6.3.5. 

3.19 
.DP 
deviation percentage, i.e. the ratio of an absolute measurement deviation to the acceptable deviation, a 
number in %; the acceptance criterion is met if IUV.DP is lower than or equal to 100 %  

Note 1 to entry: IUV.DP lets one simply recognize by one number, whether an IUV passed or failed the 
verification, independent of the complexity of the acceptance criterion. 

Note 2 to entry: Selecting the maximum IUV.DP value of all verification steps performed indicates in one number 
whether all verification steps of an IUV succeeded. 

3.20 
ABS(X) 
mathematical function that returns the absolute value of argument X 

Note 1 to entry: If X is negative, ABS(X) returns a positive value. 

3.21 
MAX(X1; X2; …; XN) 
mathematical function that returns the greatest value of arguments X1 to XN 

3.22 
MIN(X1; X2; …; XN) 
mathematical function that returns the least value of arguments X1 to XN 

4 Required test equipment and test signals 

4.1 List of required equipment 

The following minimum test equipment is required: 

a) test block; 

b) shielding test plate; 

c) Hsu-Nielsen source, for sensor sensitivity verification; 
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d) multimeter for voltage and current measurements of DC during pre-amplifier verification (the model 
given in f) can be used for this purpose); 

e) test signal generator, an arbitrary function generator (AFG) with the capability to deliver loadable 
arbitrary signals, sine waves, rectangle waves, pulses, and also DC for manual or automated 
verification of external parametric inputs. The output socket shall be isolated from protective earth, 
which is the usual case with standard AFGs, e.g. Keysight model 33511B1. Key specifications for 
accuracy: AC amplitude in mVPP ± (1 % of setting +1,0) at 1 kHz, frequency ± 0,01 % of setting, DC 
voltage in mV ± (1 % of setting + 2,0); 

f) high-accuracy digital voltmeter (HADVM) to measure the DC test signal from AFG in sufficient 
accuracy for the verification of the external parametric inputs e.g. AGILENT Model 34401A1. Key 
specifications for accuracy: DC voltage in µV ± (0,003 5 % of reading + 100); 

g) variable attenuator, graduated in decibels, matching 50 Ω impedance on input and output, 
accuracy: ± 0,15 dB; 

h) DC power supply, for pre-amplifier supply, with a proper circuit to decouple and terminate the AE 
signal, if power is fed in via the signal wire. Can be substituted by a verified AE signal processor, see 
also k) and n); 

i) RMS voltmeter, with known or settable time constant or time window. Can be substituted by a 
verified AE signal processor and appropriate software; key specification: AC accuracy 20 kHz to 
1 MHz: ± 0,2 dB; 

j) dual-channel storage oscilloscope, for detecting any artefact or non-plausibility in various setups; 

k) current measurement adapter (CMA1), if h) is substituted by a verified AE signal processor. Resistor 
accuracy: ± 1 %; 

l) DC blocker; 

m) 50 Ω BNC terminator; 

n) verified AE signal processor (two units), can be substituted by h) and i). 

All electric/electronic test items shall be subject to the quality management system. 

4.2 Test signal waveforms 

4.2.1 Continuous sine wave 

This type of test signal may be used to verify the frequency response and gain of the pre-amplifier and it 
shall be used to verify the accuracy of the continuous signal level of the AE signal processor. The 
designation of this signal is C-Sw’T. It is defined by amplitude A and frequency F. 

                                                             

1 This information is given for the convenience of users of this document and does not constitute an endorsement 
by CEN of the product named. Equivalent products may be used if they can be shown to lead to the same results. 
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4.2.2 Triangular-modulated sine wave burst signal 

This type of waveform simulates an AE burst signal, see Figure 1. The designation is Tri-Sw’T. It is defined 
by the following parameters: 

— maximum amplitude A; 

— rise-time R; 

— decay-time DEC; 

— carrier frequency FC. 

Figure 1 a) shows a voltage signal in time domain, horizontally scaled in µs, vertically in mV. Figure 1 b) 
shows the FFT of the voltage signal in a), horizontally scaled in kHz, vertically in dB. The magnitude in dB 
corresponds to dBAE, if a continuous sine wave occupies the FFT input buffer. For burst signals in a zero-
padded FFT input buffer the scaling is influenced by the duration and the waveform of the signal. 

Example: A single-cycle sine wave of 100 kHz in a zero-padded FFT buffer produces a 6,02 dB higher FFT 
result than a single-cycle sine wave of 200 kHz, since the 100 kHz cycle lasts twice the time of the 200 kHz 
cycle. 

  

a) Time domain b) Frequency domain (FFT) 
Key 
1 voltage in mV 
2 time in µs 
3 magnitude in dB 
4 frequency in kHz 

Figure 1 — Triangular-modulated sine wave burst signal 
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The signal shown in Figure 1 a) results from Formula (1): 

U(t) = UP × sin(2 × π × F’N × t) × MIN(1; t / R’N) × (1 - MAX(0; (t - R’N) / DEC’N)) (1) 

F‘T = 1 / (R’N + DEC’N) (2) 

where 

U(t) voltage in mV at time t; 

t time of the stimulated burst signal in µs taking values from t = 0 till to t = R'N + DEC'N; 

UP maximum amplitude (98 mVP in Figure 1) of the simulated burst signal; 

F’N nominal carrier frequency in MHz (0,2 MHz in Figure 1); 

R’N nominal rise-time in µs (100 µs in Figure 1); 

DEC’N nominal decay-time in µs (100 µs in Figure 1); 

F’T frequency setting at the AFG. 

This wave shall be generated by an arbitrary function generator (AFG). The waveform shall be defined as 
a sequence of voltage samples, according to Formula (1), with UP = 1 mVP, and loaded into the AFG. The 
maximum amplitude setpoint A'T (98 mVPP for 98 mVP in Figure 1) and the frequency setpoint F’T, see 
Formula (2), shall be entered at the AFG. 

The measured rise-time can 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 theoretical first 
threshold-crossing delay for five different thresholds in relation the maximum amplitude A. In practice, 
the used bandpass filter can further modify the exact value of the first threshold-crossing delay. 

Table 1 — First threshold-crossing delay versus threshold to maximum amplitude relation for a 
triangular-modulated test signal 

Threshold in relation to the 
maximum amplitude in dB 

Triangular-modulated first threshold-crossing 
delay in % of rise-time 

A – 20 10,0 

A – 25 5,6 

A – 30 3,2 

A – 35 1,8 

A – 40 1,0 

See also additional information in rise-time verification under 7.6.4. 
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4.2.3 Sin2-modulated sine wave burst signal 

  
a) Time domain b) Frequency domain (FFT) 

Key 
1 voltage in mV 
2 time in µs 
3 magnitude in dB 
4 frequency in kHz 

Figure 2 — Sin2-modulated sine wave burst signal 

A sin2-modulated signal (see Figure 2), designated S2-Sw’T, provides a purer frequency spectrum due to 
its smooth begin, maximum and end of the burst signal. Compared to the other types of test signals this 
wave type avoids influences of the bandpass filter on the waveform of the signal, such as overshoots at 
the beginning and reverberations at the end. Therefore, this type of signal shall be used for the 
verification of burst signal maximum amplitude related parameters (maximum amplitude, detection 
threshold, energy and signal strength). This type of signal may also be used to obtain the frequency 
response of the bandpass of a pre-amplifier or of an AE signal processor based on burst signal maximum 
amplitude measurement at varied frequency, see 7.5. 

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, since rise-time measurement starts at the time of the 
first threshold crossing. 

The signal shown in Figure 2 results from Formula (3): 

U(t) = UP × sin(2 × π × F'N × t) × sin2(π × F'T × t) (3) 

F’T = F'N/ SWpB (4) 

where 

U(t) voltage in mV at time t; 

t time of the stimulated burst signal in µs taking values from t = 0 till to t = 1 / F'T; 

UP maximum amplitude (98 mVP in Figure 2) of the simulated burst signal; 

F'N nominal carrier frequency in MHz; 

SWpB sine waves per burst signal (41 in Figure 2); 

F’T frequency setting at the AFG. 

Formula (4) defines the frequency setpoint F’T of the arbitrary function generator (AFG) for obtaining 
the nominal carrier frequency F'N at a given number of programmed sine waves per burst signal SWpB. 
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This wave shall be generated by an arbitrary function generator (AFG). The waveform shall be defined as 
a sequence of voltage samples, according to Formula (3), with UP = 1 mVP, and loaded into the AFG. The 
maximum amplitude setpoint A'T (98 mVPP for 98 mVP in Figure 2) and the frequency setpoint F’T, see 
Formula (4), shall be entered at the AFG. 

Similar with 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, since rise-time measurement starts at the time of the 
first threshold crossing. 
4.2.4 Rectangular-modulated sine wave burst signal 

  
a) Time domain b) Frequency domain (FFT) 

Key 
1 voltage in mV 
2 time in µs 
3 magnitude in dB 
4 frequency in kHz 

Figure 3 — Rectangular-modulated sine wave burst signal 

This test signal is designated R-Sw’T. It is defined by the characteristics A (amplitude), D (duration) and 
FC (carrier frequency), see Figure 3. It is mainly used for duration-varied verifications. 

When using an arbitrary function generator (AFG), the duration in µs (100 µs in Figure 3) results from 
the setpoint of the number of sine waves per burst signal (10 in Figure 3) divided by the setpoint of 
frequency in MHz (0,1 MHz in Figure 3). 
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4.2.5 Rectangular pulse 

 
Key 
1 voltage in mV 
2 time in µs 

Figure 4 — Pulse signal 

This test signal, designated R-P’T is used to check the measurement of the time difference Δt. It is defined 
by the characteristics A (amplitude) and D (duration). Figure 4 shows a pulse of 18 VPP amplitude and 
200 ns duration at the output of an arbitrary function generator (AFG). The amplitude setpoint was 9 VPP. 
At unterminated output the amplitude is twice the setpoint. 

Such a pulse, fed into a piezoelectric sensor, converts the sensor into a transmitter. This generates an 
acoustic pulse which can be used to stimulate reproducible AE events into a test block (see 4.3). 
4.2.6 Repetitive signals 

 
Key 
1 voltage in mV 
2 time in µs 

Figure 5 — A series of transient signals (pulses) behind the bandpass, 160 µs apart 
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This signal can be used to verify the signal processing rate. It is a series of rectangular pulses as described 
in 4.2.5. It is defined by A (maximum amplitude), D (duration) and f (repetition frequency), typically 1 Hz 
to 100 kHz. Figure 5 shows a signal example with 1 / f = 160 µs, taken after the bandpass filter of an AE 
signal processor. The maximum reasonable repetition frequency is limited by the ring-down effect of the 
bandpass filter. Above 10 kHz each bandpass in the measurement chains should be bypassed, when using 
this signal. 
4.2.7 DC signal 

This signal, designated DC_HiZ’T is used for the verification of the external parametric inputs. It can be 
generated by the arbitrary function generator (AFG) in DC HiZ mode, in which the voltage generated 
corresponds to the setpoint of the AFG. 
4.2.8 Summary of test signals 

Table 2 lists the designations of all test signals used in this document. 

Table 2 — Test signal designations 

Designation Test signal 

C-Sw'T Continuous sine wave 

Tri-Sw'T Triangular-modulated sine wave burst signal 

S2-Sw’T Sin2-modulated sine wave burst signal 

R-Sw'T Rectangular-modulated sine wave burst signal 

R-P’T Rectangular pulse 

DC_HiZ'T DC signal with HiZ setpoints 

The designations are to identify the used test signals for setting the arbitrary function generator (AFG) 
for the required verifications, see Table 5. 

4.3 Test block 

The test block can take different forms, e.g. a metallic block, a plate, or an acrylic rod. Once chosen, the 
dimensions, construction material, source position (Hsu-Nielsen source or piezoelectric transmitter, see 
also 4.2.5), sensor mounting position and usage shall be controlled to ensure reproducibility of results. 

The surface in contact with the sensor shall be flat and smooth. The test block shall be isolated 
acoustically from the work bench to avoid interference from external noise sources. 

4.4 Shielding test plate 

This is a small flat metallic plate sufficient in size to cover the sensor’s sensitive area. The plate shall be 
connected to a sine wave signal; therefore, it shall be electrically isolated from earth. The sensor side shall 
be covered by a thin non-conductive layer. The dimension of the plate and the thickness of the non-
conductive layer shall be controlled. The test plate shall be given an identifier for use in the verification 
report, see Figure 6 for the setup. 

5 Sensor verification 

5.1 General 

The following procedure allows for comparison of some characteristics of sensors of same type. The 
deterioration of a sensor can result from e.g. mechanical shock, exposure to high temperature, high 
ionizing radiation, a corrosive environment, water ingress, or a damaged connector or cable. 
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5.2 Intended purpose 

The purposes of the sensor verification are: 

a) warning of degrading of sensitivity or damaged internal shielding; 

b) determining when a sensor is no longer suitable for use; 

c) verifying sensors that are known to have been exposed to high-risk conditions; 

d) creating matched sets of sensors to achieve uniform performance; 

e) verifying sensors quickly and reliably and assisting trouble shooting, when a channel shows a fault. 

5.3 Preparation of the report form and preliminary examination 

The report form given in Annex A may be used to document the sensor verification. 

The exact report format for the items to be reported as shown in Annex A may be determined or 
influenced by the software used for verification data evaluation. 

The general data in Table A.1 comprises: 

a) name of operator and the identification of the verification job; 

b) date and time (start as well as end) of the verification; 

c) temperature and humidity at the verification location. 

The following information regarding measurement equipment used for the sensor sensitivity verification 
shall be reported. Table A.2 shows an example for an acceptable format: 

d) identification of the test block, the couplant used and the source-to-sensor distance; 

e) Hsu-Nielsen source diameter (0,5 mm or 0,3 mm) and hardness grade (usually 2H). 

If a piezoelectric transmitter is used instead of a Hsu-Nielsen source, the following shall be filled in: 

f) type and serial number of the transmitter; 

g) excitation (in units of VPP) of the transmitter and, if the AE system offers such option, the main 
frequency content of the pulse (e.g. normal or low); 

h) AE system used (model and serial number); 

i) AE signal processor (model, serial number, high-pass and low-pass corner frequencies of the 
bandpass filter as well as the date of last performed verification); 

j) pre-amplifier (type, serial number, gain, high-pass and low-pass corner frequencies of the bandpass 
filter as well as the date of last performed verification); 

k) sensor-to-pre-amplifier cable and its length. 

The key parameters of the shield crosstalk (SC) verification shall be filled in into Table A.3: 

l) test plate identification, test plate voltage and frequency setpoint; 

m) isolation thickness; 

n) manufacturer’s specification of the acceptance limit. 
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Perform a preliminary examination of the sensor under verification (SUV) to identify any obvious 
mechanical damage, paying particular attention to connector and cable, if any. If a damage has been 
discovered make a corresponding remark in the report form below the title. 

Table A.4 of Annex A shows an acceptable format to be used to report the measurement results linked to 
the specific sensors and for the assessment of the sensors under verification. 

5.4 Sensitivity verification 

5.4.1 General 

a) For the sensitivity verification of a sensor a verified AE signal processor shall be used. 

b) If the sensor does not employ a pre-amplifier, a verified reference pre-amplifier and sensor cable of 
specified type and length shall be used. 

c) The frequency filters in the pre-amplifier and AE signal processor shall properly cover the bandwidth 
of the sensor. 

d) For good reproducibility, the positions of the Hsu-Nielsen source or the piezoelectric transmitter, as 
applicable, and the sensor under verification shall be marked on the test block. The chosen distance 
between source and sensor shall safely prevent saturation of the measurement chain. 

e) Particular attention shall be spent for the selection of the couplant between sensor and test block. 
The chosen couplant shall reach the final coupling quality within a properly short waiting time. 
Several couplant products need hours until the final coupling quality is reached. Those are not 
suitable for sensor verification. 

f) Conditions and results of the sensor verification shall be reported, e.g. using the report format shown 
in Annex A. 

5.4.2 Test procedure 

a) Allow the test block, sensors and couplant to adopt the ambient temperature. 

b) Mount the sensor under verification on the test block at the marked position using an appropriate 
couplant. Be sparing with the couplant, e.g. approximately 0,1 cm3 of silicone grease is adequate for 
most types of sensors under verification. 

c) Press the sensor firmly down onto the test block to ensure a good coupling. Ensure that the sensor’s 
position at the test block cannot displace during the test. The use of a constant force device, e.g. a 
spring-loaded sensor holder, is recommended. 

d) Using the Hsu-Nielsen source perform five pencil lead breakage at the prescribed position on the test 
block. Report for each breakage the burst signal maximum amplitude in dBAE in columns SR1 to SR5 
on the report form, e.g. Table A.4 in Annex A. The average of the three highest responses of SR1 to 
SR5 shall be reported as SR, the “valid” response of a sensor under verification, and the highest SR of 
all sensors under verification, subtracted by 3 dB, shall be reported as SRMAX-3dB. The verification 
is successful, if SR is larger than SRMAX-3dB and the shield crosstalk SC is lower than the acceptance 
limit SC.U, see 5.5. A “yes” or “no” shall be reported, e.g. in last column of Table A.4. 

e) As an alternative to a Hsu-Nielsen source, a piezoelectric sensor, fed by an electric pulse, turns to a 
piezoelectric transmitter of an acoustic pulse which can be used to stimulate better reproducible AE 
events into a test block, see also 4.2.5. SR1 till to SR5, SR and SRMAX-3dB shall be determined and 
reported as described in d). 
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NOTE This method does not provide a sensor sensitivity in units of Volt output per particle motion input. 
Recent work [1], [2] demonstrates that the sensitivity spectrum of a sensor under verification in units of volts output 
per unit particle motion input over frequency can be obtained by using a transmitter sensor, driven by an electric 
pulse, to stimulate the input motion spectrum for the directly coupled sensor. The transmitter’s transmitting 
sensitivity spectrum can be verified by laser vibrometry in units of particle motion output per volt input. Both, 
transmitting and receiving sensitivity, refer to the free motion of the surface, as requested by ASTM E1106 - 
12(2017), 5.5, for primary AE sensor calibration [3]. 

5.5 Verification of the electrical shield crosstalk 

5.5.1 General 

In case of an internal defect or an imperfect design of the electrical shielding, the sensor signal can be 
disturbed by electrical noise on the surface where it is coupled to. Such noise is difficult to separate from 
acoustic noise, since both kinds of noise fade away, when the sensor is separated from the surface. This 
verification step measures the shield crosstalk SC for comparison with the acceptance criterion SC.U. 

Shield crosstalk is an important criterion for selecting the proper sensor model used for e.g. partial 
discharge detection and its location by AE, where the test object surface can carry short electrical pulses 
of high voltage generated by partial discharge. A shield crosstalk of –80 dB, what meets the demand of 
many applications, can cause a higher output from the crosstalk due to the electrical pulse than from the 
wave motion, both generated by partial discharge. Burst signals resulting from crosstalk of partial 
discharge are worthless and potentially misleading for location calculation as well as for intensity 
analysis. AE sensors used for partial discharge detection shall exhibit a shield crosstalk of less than 
−120 dB. The verification procedure for SC efficiently separates shield crosstalk from other noise. 

The setup for this test is shown in Figure 6. A sine wave test signal of about 600 kHz from an arbitrary 
function generator (AFG) as used for other verification purposes is connected to a metallic shielding test 
plate. The sensor under verification (SUV) is coupled to the test plate with the non-conductive layer in-
between. This exposes the SUV to the electric field generated by the test signal and causes crosstalk on 
the SUV output. The SUV output signal is measured by an AE system and its time and frequency domain 
is continuously displayed, see an example in Figure 7 a) and b). For best possible separation of crosstalk 
and other noise, using a bandpass for 400 kHz to 850 kHz (AE system setpoint BPSC’S, see Table 4) in the 
measurement chain is recommended. 
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Key 
1 arbitrary function generator (AFG) 
2 end of coaxial cable 
3 cable shielding connected to earth 
4 inner wire to test plate 
5 shielding test plate 
6 non-conductive layer 
7 AE sensor under verification (SUV) 
8 pre-amplifier (if not integral) 
9 AE signal processor 
10 AE system 

Figure 6 — Shielding verification measurement setup 

Shield crosstalk is calculated by Formula (5): 

SC = SCUS – SCA (5) 

where 

SC shield crosstalk in dB; 

SCUS the FFT magnitude of the response of the SUV to the SC stimulation according to the setup 
shown in Figure 6. The magnitude is taken in dB from an FFT display as shown in 
Figure 7 b) at the frequency setpoint of the AFG; 

SCA voltage at the surface of the test plate where the SUV is mounted to, in dBAE, usually 
140 dBAE, what is equivalent to 10 VP at the AFG output, when the AFG amplitude is set to 
A’T = 10 VPP. In HiZ condition the output is only negligibly loaded by the shielding test 
plate’s capacitance to earth and to the SUV. 

Figure 7 a) shows the time domain (in mV vs. µs) and Figure 7 b) the Fast Fourier Transform (in dB vs. 
kHz) of the noise output of an SUV under SC stimulation. The small peak at 600 kHz in the FFT results 
from shield crosstalk. The other peaks indicate other noise sources. The SC result for this sensor is 
obtained by subtracting the test plate voltage SCA of 140 dBAE from SCUS (−3 dB in Figure 7 b) at the 
maximum at 600 kHz), what results here in a SC of −143 dB, the lowest measurable SC in the given setup. 
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Figure 7 was captured by using a 34 dB gain pre-amplifier, a signal processor input range of 2,5 VPP 
(means 12 dB post-amplification), a 10 MHz 16 bit digitizer and a 2048 samples FFT buffer, resulting in 
a FFT-resolution of 4,8828 kHz (10 MHz / 2048). Test plate voltage SCA was a continuous sine wave of 
10 VP (equivalent to 140 dBAE) and a frequency of 600,58 kHz. The dB scale in Figure 7 b) considers the 
gain of both, pre- and post-amplification. 

 
a) Time domain 

 
b) Frequency domain (FFT) 

Key 
1 voltage in mV 
2 time in µs 
3 magnitude in dB 
4 frequency in kHz 

Figure 7 — Sensor response on a 10 VP 600 kHz sine wave at the shielding test plate 
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a) 80 dBAE signal in time domain b) 80 dBAE signal matching the FFT bin interval 

  
c) 80 dBAE signal in time domain d) 80 dBAE signal between two FFT bin intervals 

Key 
1 voltage in mV 
2 time in µs 
3 magnitude in dB 
4 frequency in kHz 

Figure 8 — Influence of frequency fine-tuning on the amplitude scaling in an FFT diagram 

Figure 8 illustrates the importance of a precise frequency tuning for this test. For Figure 8 b), the 
magnitude of 80 dB and the small bin width was achieved by fine-tuning the test frequency to 600,58 kHz. 
For Figure 8 d), the test frequency was fine-tuned to the lowest FFT peak at 598,12 kHz, 76 dB. The output 
of the AFG was set to 1 VPP and fed-in to the 50 Ω terminated signal processor over a DC blocker. Due to 
the absence of the 34 dB pre-amplification, 20 mVPP amplitude (1 VPP/50) are shown in Figure 8 a) 
and c). 
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5.5.2 Procedure 

a) Mount the sensor under verification (SUV) on the non-conductive layer of the shielding test plate in 
an acoustically quiet environment and connect it directly to the AE signal processor, if the SUV 
includes the pre-amplifier, otherwise via a low-noise pre-amplifier. 

b) Connect the arbitrary function generator (AFG) signal to the shielding test plate and the cable shield 
to the ground of the AE system, which is connected to protective earth, as shown in Figure 6. 

c) Set the AFG to C-Sw'T, a continuous sine wave, frequency F’T to 600,58 kHz, amplitude A’T to 10 VPP, 
resulting in SCA of 10 VP due to HiZ condition of the AFG output. Set the AE signal processor to 
BPSC'S, a 400 kHz to 850 kHz bandwidth, 2,5 VPP input range, continuously acquiring a transient 
recorder buffer of 2 048 samples at 10 MHz sample rate. A display of data in time and frequency 
domain, similar to that of Figure 7, should be visible, whereby the peak at 600 kHz could be higher 
than −3 dBAE. 

d) From the FFT display, read the maximum magnitude in dB near frequency 600 kHz and subtract 
140 dBAE to obtain SC, a negative number. In case of Figure 7, one shall read −3 dB from the diagram, 
subtract 140 dBAE and determine SC with −143 dB. 

e) If the upper corner frequency of the measurement chain is lower than 800 kHz, e.g. due to an integral 
pre-amplifier, the test frequency shall be set to approximately 75 % of the upper corner frequency, 
precisely tuned to the frequency of the maximum magnitude. The maximum in the FFT shall appear 
as shown in Figure 8 b). The AE signal processor high-pass shall be set to about 50 % of that 
frequency. 

f) An acceptable reporting format for the shielding test plate Id, the test plate voltage SCA in true VP, 
the frequency F’T, the thickness of the isolation layer on the test plate, and the manufacturer’s 
specification of the acceptance criterion SC.U is shown in Annex A. The obtained SC in dB caused by 
the test signal shall be reported, e.g. using Annex A Table A.4, column SC. 

g) The shield crosstalk verification is successful, if SR (see 5.4.2 d)) is greater than or equal to SRMAX-
3dB, and shield crosstalk SC is lower than or equal to the upper limit SC.U. 

5.6 Pre-amplifier verification of sensor-internal pre-amplifier 

The verification of a sensor internal pre-amplifier shall be performed as described in Clause 6, whereby 
the sensor cannot be disconnected from the pre-amplifier. Accordingly, pre-amplifier noise, UNP, shall be 
measured with the sensor being dismounted in quiet environment. For the stimulation of the pre-
amplifier input, a face to face coupling of a transmitter sensor, driven by a continuous sine wave is 
recommended. The setup needs comparison of the sensor under verification (SUV) with a verified unit of 
same type. All items described in Clause 6 shall be applied to sensor internal pre amplifiers, so far 
possible, and reported in a preferred format as shown in Annex B. 
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6 Pre-amplifier verification 

6.1 Preparation of the report form and preliminary examination 

Annex B shows an acceptable format of the report form for the pre-amplifier performance verification 
according to this Clause. That report form consists of several tables where all relevant information, 
results and assessments can be filled in. 

The exact report format for the items to be reported as shown in Annex B may be determined or 
influenced by the software used for verification data evaluation. 

The operator shall fill in the general data of the pre-amplifier verification into the report as listed in 
Table B.1: 

a) name of operator and the identification of the verification job; 

b) date and time (start as well as end) of the verification; 

c) temperature and humidity at the verification location. 

The pre-amplifier under verification and the measurement equipment shall be described. Table B.2 
shows an example for an acceptable format with the following entries to be made: 

d) pre-amplifier under verification (model, manufacturer, serial number, date of last verification); 

e) oscilloscope (model, manufacturer, serial number, date of last calibration); 

f) AE system (model, manufacturer, serial number, date of last verification); 

g) AE signal processor (model, manufacturer, serial number, date of last verification); 

h) arbitrary function generator (model, manufacturer, serial number, date of last calibration). 

Each item under verification (IUV) is listed in Table B.3 in the first column with the respective designation 
code in the second column. The following data shall be reported for all IUVs as applicable. Table B.3 shows 
an example for an acceptable format: 

i) nominal value according to manufacturer's specification; 

j) applied acceptance criterion; 

k) value of the acceptance criterion according to manufacturer's specification. 

The measured value of the respective IUV and the corresponding deviation percentage IUV.DP shall be 
reported. Table B.4 shows an acceptable reporting format, where the formulae for calculating the values 
for each IUV.DP are referenced. One advantage of using IUV.DP is that the user immediately recognizes 
whether or not the verification succeeds, without the need of dealing with complex acceptance criteria. 
An easy maximum determination over every IUV.DP of Table B.4 results either in IUV.DP <= 100 % and 
OK = Y, what means “verification passed” or IUV.DP > 100 % and OK = N, what means “verification 
failed”. On reasons of economy and for the avoidance of mistakes it is recommended to use e.g. a spread 
sheet software, prepared with all formulae needed to evaluate and report the result tables exemplified 
above from entered measurement values. 

A preliminary examination of the pre-amplifier under verification to identify any obvious mechanical 
damage shall be performed, paying particular attention to connectors and cables. It shall be reported in 
case a damage has been discovered. 
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