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Standard Practice for
Characterizing Acoustic Emission Inst tati !
aracterizing AcoustiC emission instrumentation
This standard is issued under the fixed designation E 750; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 1.7 This standard does not purport to address all of the

1.1 This practice is recommended for use in testing andafety concerns, if any, associated with its use. It is the
measuring operating characteristics of acoustic emission elefesponsibility of the user of this standard to establish appro-
tronic components or units. (See Appendix X1 for a descriptiorPriate safety and health practices and determine the applica-
of components and units.) Itis not intended that this practice bgility of regulatory limitations prior to use.
used for routine checks of acoustic emission instrumentation2 Referenced Documents
but rather for periodic calibration or in the event of a
malfunction. The sensor is not addressed in this document 2-1 ASTM Standards: . o
other than suggesting methods for standardizing system gainsE 1316 Terminology for Nondestructive Examinatiéns
(equalizing them channel to channel) when sensors are present2-2 ANSI Standard: _

1.2 Where the manufacturer provides testing and measuring ANSI/IEEE 100-1984 Dictionary of Electrical and Elec-
details in an operating and maintenance manual, the manufac- _ ronic Term$
turers methods should be used in conjunction with the 2-3 Other Documents: _ _
methods described in this practice. Manufacturer's Operating and Maintenance Manuals perti-

1.3 Difficult or questionable instrumentation measurements ~ Nent to the specific instrumentation or component
should be referred to electronics engineering personnel. ;

1.4 The methods set forth in this practice are not intended tg' Termm.ollo.gy . . ]
be either exclusive or exhaustive. 3.1 Def_|n|t|or_15—.For definitions of_addmonal terms relating

1.5 The methods (techniques) used for testing and measuiR acoustic emission, refer to Terminology E 1316.
ing the components or units of acoustic emission instrumentay Apparatus
tion, and the results of such testing and measuring should be

documented. Documentation should consist of photographs, 4.1 The basic test instruments requwgd_for_measurmg t_he
charts or graphs, calculations, and tabulations where applpperatmg characteristics of acoustic emission instrumentation
cable. include:

1.6 AE systems that use mini or micro computers to control 4.1.1 Variable Sine Wave Generator
the collection, storage, display, and analysis of data are in 4.1.2 True_ RMS Voltmeter
common use. Features of the computer-based systems include®-1-3 Osqlloscope . .
a wide selection of measurement parameters relating to the AE 4-1-4 Variable Attenuator, graduated in decibetnd
event. This selection, however, is usually made after the data 4.1.5 TOF‘? Burst Ge.nerator
have been acquired. This implies that the AE signals are 4'2. Addltlonal test instruments shquld b.e yseq for more
individually recorded for later analysis, or that all the availableSPecializeéd measurements of acoustic emission instrumenta-
parameters are measured on every AE signal that exceeds ffigns or components. '_I'hey are as follows:
selected threshold. The latter is usually the case. The manu-4-2-1 Vfarlable—FuncUon Generator
facturer provides a specification for each system that specifies 4.2.2 Time Interval Meter
the operating range and conditions for the system. All calibra- 4.2.3 Frequency Meter, or Counter
tion and acceptance testing of computer-based AE systems4-2-4 Random Noise Generator
must use the manufacturer's specification as a guide. This 4-2-> SPectrum Analyzer

. . 4.2.6 D-C Voltmeter
ractice does not cover testing of the computer or computer .
geripherals. g P P 4.2.7 Pulse-Modulated Signal Generator

4.2.8 Variable Pulse Generatorand

* This practice is under the jurisdiction of ASTM Committee E-7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.04 om——————
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4.2.9 Phase Meter necting cables. All measurements and tests should be docu-
4.2.10 Electronic AE Simulator mented. The preamplifier should be terminated with the normal
4.3 An electronic AE simulator is necessary to evaluate thevorking load.
operation of computer-based AE instruments. A detailed ex- 5.2.2 An acceptable frequency response between cutoff
ample of the use of an electronic AE simulator is given in 5.5.3requencies is within 3 dB of the reference frequency. The
under dead time measurement. The instruction manual for theference frequency is the geometric mean of the nominal
electronic AE simulator provides details on the setup andandwidth of the instrumentation. The mean frequency is
adjustment of the simulator. Control of pulse frequency, risecalculated as follows:
time, decay, repetition rate, and peak amplitude in the simula-

1
tor makes it possible to simulate a wide range of AE signal fu = (fLf)2
conditions.

where:
5. Tests and Measurements fu = mean frequency,

. f_ = nominal lower cutoff, and

5.1 Required Measurements f, = nominal upper cutoff.

5.1.1 Tests and measurements should be performed 05 5 3 The pandwidth should include all contiguous frequen-
determine the instrumentation bandwidth, frequency responsgjeq \yith amplitude variations as specified by the manufacturer.
gain, noise level, threshold level, dynamic range, signal overp,siyments that include signal processing of amplitude as a
load point, dead time, and counter accuracy. function of frequency should have bandwidth amplitude varia-

5.1.2 Where acoustic emission test results depend upon the) s a5 specified by the manufacturer.
rgproduced accuracy of the tempora}l, spatial, or spectral 5.2.4 With the instrumentation connected as shown in Fig. 1
histories, additional measurements of instrumentation paran%‘—nd the sine wave oscillator set well within the instrumenta-

i

eters should_ be performed to determine the specific limits o on’s specified dynamic range, the frequency response should
Instrumentation per_f(_)rmance. Examples of TC’UCh measurement e asured between frequency limits specified in 5.2.2. The
may include amplifier slew rate, gate window width and

” q | vsi oscillator is maintained at a fixed amplitude and the frequency
pOSS'EOSn’Tant specdtra analysis. ts should b ‘ d is swept through the frequency limits. The secondary amplifier,

-1 €SS and measurements should be perlorme @ final filter, output is monitored with an rms voltmeter. Values
determine the loss in effective sensor sensitivity resulting fro

. : Oyt amplitude are recorded for each of several frequencies
the capacitive loading of the cable between the preamplifiey jyin ang beyond the nominal cutoff frequencies. The re-

and the sensor. The cable_and pre_amphﬂer S.hOUId be th? Saded values are plotted on chart paper. The amplitude scale
as that used for the acoustic emission tests without substltunopnay be converted to decibels. The frequency scale may be

(See also Appendix X2.) lotted either linearl ithmi [
y or logarithmically. Appendix X2 pro-
5.1.3.1 Important tests of a computer-based AE syste ides further discussion of wave shaping components.

include the evaluation of limits and linearity of the available 5.2.5 A spectrum analyzer may be used in conjunction with

pa(gnfrtnegl?tjggh as: a V\{hite_noise_ source or an oscilloscop_e may be usec_i in

(b) Duration ' conjunction wlth a S\'/veep'frequency oscillator to detgrmme

(c) Rise Tim’e bandwidth. With a white noise source connected to the input, a

(d) Energy aﬁ d spectrum analyzer connected to the output will record the

(e) Source, Location frequency response.

5132 The proceséing speed of these data should be mefa—5'2'6 The measured bandwidth is the difference between the
sured as described in 5.5.3 for both single- and multiplel €duencies at which the response is 3 dB less than the response
channel operation. at the ref.er.ence frequency.

5.1.3.3 The data storage capability should be tested against5'3 Gair: , . ) )
the specification for single- and multiple-channel operation. °-3-1 The electronic amplification is comprised of the
Processing speed is a function of number of channels, pararRf€amplifier gain, the secondary amplifier gain, and the wave
eters being measured, event duration, front-end filtering, stofilters insertion gains or losses. (See Appendix X2 for an

age and display (RAM, disk, plots) and printout requirements€XPlanation of gain measurements.) .
5.2 Frequency Response and Bandwith 5.3.2 The electronic amplification may be measured with

5.2.1 The instrumentation, shown in Fig. 1, includes thethe instrumentation shown in Fig. 1. The sine wave oscillator is
preamplifier, wave filters, secondary amplifier, and interconSet to the reference frequency. The oscillator amplitude is set
well within the dynamic range of the instrumentation to avoid
distortion due to overload. With the voltmetenat,, oscillator
Dscillator Voo Attenuator ;. Amlifier vosr  amplitude is setto 1 V. The attenuator is set for a value greater
Zo: SOohms [T Zn Fow é " Fiter | E than the anticipated electronic amplification. Next, the voltme-
50 (Preamplifie < ter is moved toV,,. The attenuator is now adjusted until the
FIG. 1 Component Configuration Used forTTesting and Measurmé voltmeter agair_l reads 1 V. The electronic gmplification is equal
the Frequency Response, Amplification, Noise, Signal Overload, to the new setting on the attenuator. A white noise generator or
Recovery Time, and Threshold of Acoustic Emission sweep generator and spectrum analyzer may be used in place of
Instrumentation the oscillator and RMS voltmeter. Documents
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Note 1—If the input impedance of the preamplifier is not both resistive signal level to the preamplifier until the instrumentation output
and equal_to the required load impedance of the attenuator, propgl/ ) is 3 dB less than the computed output.
compensation should be made. 5.4.5 Should the peak amplitude of acoustic emission events
5.4 Dynamic Range exceed the dynamic range, several deleterious effects may be
5.4.1 The criterion used for establishing dynamic rangeProduced; these include clipping, saturation, and overload
should be documented as the signal overload point, referencégcovery time-related phenomena. (See Appendix X2 for a
to the instrumentation noise amplitude. Alternatively, thediscussion of overload recovery.) The instrumentation gain
reference amplitude may be the threshold level if the instrushould be adjusted to limit these effects to an absolute
mentation includes a voltage comparator for signal detectionfninimum in order to increase the reliability of the data.
In addition, dynamic range relative to instrumentation damage 5.5 Dead Time
may also be documented. The total harmonic distortion crite- 5.5.1 The instrumentation dead time may include variable
rion should be used for signal processing involving spectrunnd fixed components depending on the instrumentation design
analysis. All other signal processing may be performed withor handling the routine of the input and output data process-

the signal overload point criterion. ing. The components included in dead time are process time
5.4.2 The dynamic range (DR) in decibels should be deterand lock-out time. Process time varies from system to system
mined as follows: and usually depends on the number of parameters processed for

each event. Lock-out time, which may be operator controlled,
is used to force a time delay before accepting new events.
] . . ) 5.5.2 Dead time measurement in a counter type AE instru-
5.4.2.1 The dynamic range of instrumentation exclusive ofnent should be conducted as follows: Set the instrument to the
threshold or voltage comparator circuits, is a ratio of the rmggnt rate mode. Set the oscillator frequency to the mid-band
signal overload level to the rms noise amplitude. (A brieffrequency of the instrument. Set the oscillator amplitude to
description of noise sources appears in Appendix X4). Amychieve a count rate equal to the oscillator frequency. Increase
oscilloscope is usually required as an adjunct to determine th@e oscillator frequency until the count rate ceases to equal the
characterlstlcs of noise and to monitor the signal overloagyggijiator frequency. Record the frequency as the maximum
point. count rate. (If the frequency is equal to or greater than the

5.4.2.2 Afield measurement of dynamic range may producgpecified upper frequency limit of the instrument, the dead time
substantially different results when compared with a laboratoryf the counter is zero.) Dead tim&d) is given by:

measurement. This difference is caused by an increase in the
reference voltage output, and may result from noise impulses

DR = 20| maximum rms output
- 090 vms noise output

Td= 1/Fm— 1/Fu

of electrical origin, or ground faults. where:
5.4.2.3 For an amplifier that has a threshold comparator a$¥m = the measured frequency, and
its output device, the dynamic range is the ratio of maximumFu = the upper bandwidth limit of the instrument.

threshold level to input noise level. Excess amplitude range in 5.5.3 Where the dead time in question is related to AE event
the amplifier contributes to overload immunity but not to theprocessing such as measurement of source location, energy,
dynamic range. The following measurement will give theduration, or amplitude, the measurement is best accomplished

effective dynamic range: by using an electronic AE simulator as follows:
DR, = 20log(MaxTh/MinTh) 5.5.3.1 Select an event parameter to evaluate the dead time.
5.5.3.2 Set the electronic AE simulator frequency, rise,
where: _ _ decay, duration, and repetition rate such that the observed event
DR, = the effective dynamic range of the system, rate in the selected parameter equals the repetition rate of the
MaxTh = the threshold value that just passes the largeskjmulator.
_ B undistorted peak signal input, and 5.5.3.3 Increase the repetition rate of the simulator until the
MinTh = the threshold value that passes less than lupserved event rate falls below the simulator rate.

_ count/s with no input signal. 5.5.3.4 Record this value as maximum event rate (process-
This dynamic range is the difference between the largest anghy speed) for the selected parameter.

the smallest AE input that can be counted by the system. 5.5.4 The dead timeTg) is given by:
5.4.3 Measurement of instrument electronic noise is accom-

plished by replacing the oscillator/attenuator of Fig. 1, with the

sensor that will be used, including its cable (or with a lumped where:

equivalent capacitance). A lumped capacitance represents thi,, = the selected pulse duration, and

electrical characteristic of the sensor and cable combinatiorR, = the repetition rate of the simulator where the limit was

without adding mechanical noise interference. The rms voltage found.

is measured at the instrumentation outpyt,(,). This dead time measurement procedure should be performed
5.4.4 The signal overload level is measured by replacing théor each event-based parameter of the AE system.

sensor with a sine wave oscillator as shown in Fig. 1. The 5.6 Threshold Level (Threshold of Detection

frequency is set to the mid-band frequency of the instrumen- 5.6.1 Various acoustic emission signal processing instru-

tation. The oscillator amplitude is fixed at 1 V peak to peakments rely upon the signal exceeding a comparator voltage

monitored atV ... The attenuator is adjusted to increase thelevel to register a hit. This level maﬂeéWw@Qle,

Td= 1R, - D,

3 Document Sharing Hub

Full document details: ASTM E750-98


http://www.avadocuments.com/doc/astm-e750-98
http://www.avadocuments.com/doc/astm-e750-98

