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Foreword

ISO 12713:1998(E)

ISO (the International Organization for Standardization) ds
federation of national standards bodies (ISO member bodies)
preparing International Standards is normally carried -out
technical committees. Each member body interested*in a sub
a technical committee has been established has the'right to bq
on that committee. International organizations,, governmen
governmental, in liaison with ISO, also~take part in thg
collaborates closely with the International-Electrotechnical
(IEC) on all matters of electrotechnical staridardization.

a worldwide
The work of
through 1SO
ect for which
represented
al and non-
work. 1SO
Commission

Draft International Standards adoepted by the technical cofnmittees are

circulated to the member bodies\for voting. Publication as an
Standard requires approval. by at least 75 % of the member b
a vote.

International
pbdies casting

International Standard\1SO 12713 was prepared by Technical Committee

ISO/TC 135, Nonsdestructive testing, Subcommittee SC 3

methods.

Annex A of'this International Standard is for information only.

Acoustical
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Introduction

The acousti¢ emission method of non-destructive testing is one of the
methods addressed by SC 3 on acoustical methods, of TC 135 on non-
destructive tgsting. Standards for general procedures and requirements are
required in ofder to ensure quantitative results and wide applicability. This
International [Standard addresses one method for the primary calibration of
acoustic emission transducers. It is anticipated that as other methods of
determining fransducer sensitivity and phase response are documented,
this Internatipnal Standard will be appended. This International Standard
was first intrgduced by the USA at the fifth meeting of ISO/TC 135/SC 3 in
Berlin, April 1989.
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Non-destructive testing — Acoustic emission inspection —

Primary_calibration of transducers

1 Scop

D

This Interpational Standard specifies a method for the absolute calibration of acoustic-emission tran

aim of thig
data corre

International Standard is to establish uniformity of acoustic emission testing in order to for
ation and to provide for the interpretation of results obtained by differentdaboratories at differ

An accepted method for the calibration of acoustic emission transducersUmust be specified to char

behaviour

sducers. The
M a basis for
ent times.

hcterize their

This Interpational Standard establishes a method for the primary calibration of acoustic emission trgansducers as

receivers

transduce
is determi
establishe

Df elastic waves at the surface of a solid medium. The"calibration yields the frequency rg
to waves of the type normally encountered in acoustic emission work. The transducer volta
hed at discrete frequency intervals of approximately 10 kHz up to 1 MHz. The input is

 dynamic displacement of the mounting surface. The units of the calibration are output vo

mechanical input (displacement, velocity or acceleratien). This International Standard is applicable

standard t

2 Norm

The follow
Internation

ansducers and to acoustic emission applications transducers.

ative references

ing standards contain provisions which, through reference in this text, constitute provi
al Standard. At the time-of_publication, the editions indicated were valid. All standards 4

revision, and parties to agreements based on this International Standard are encouraged to in

possibility
registers @

ASTME 1
ASTME 4

ASTM E 6

of applying the most-recent editions of the standards indicated below. Members of IEC and
f currently valid Interpational Standards.

14-95, Ultrasonic’ Pulse-Echo Straight-Beam Examination by the Contact Method.
04-95, Measuring Ultrasonic Velocity in Materials.

10-821), Standard Definitions of Terms Relating to Acoustic Emission.

bsponse of a
\ge response
h given well-
tage per unit
0 secondary

Sions of this
re subject to
estigate the
ISO maintain

ASTME 6

50-85(1992)el, Mounting Piezoelectric Acoustic Emission Sensors.

BRECKENRIDGE, F.R. and GREENSPAN, M. Surface-Wave Displacement: Absolute Measurements Using a Capacitive
Transducer, Journal Acoustic Society of America, Vol. 69, pp.1177-1185.

3 Definitions

An I1SO glossary of terms used in acoustic emissions is not yet available. In view of this, for the purposes of this
International Standard, ASTM E 610 shall be used as a guide.

1) Standard withdrawn.
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4 Symbols and abbreviation
4.1 Symbols
Symbol Term Unit
a effective radius of the sensor face m
A absolute sensitivity of the standard transducer (in units of volts per free motion) V-m-1
c Rayleigh speed m-s-1
D(fy) complex valued spectral response of the transducer under test 1
f frequency MHz
fm mth frequency MHz
J subscript0, 1,2, ..., n-1 1
Jj first order Bessel function 1
k circular wave number m-1
n total number of samples in one channel 1
I'm mth value of the magnitude of D(f;,)
S;j jth sample value in the standard channel \%
S(fin) complex valued spectra of the standard signal 1
T equals nAt and is the total record time us
uj Jjth sample value in the unknown channel \Y
U(fy) complex valued spectra of the unknown signal 1
At sampling time interval us
o, mth value of the phase of D(f,;) 1

4.2 Abbreviption

AE: acousticlemission

5 General requirements

5.1 Displac¢ment transducers

This method is applicable for the absolute calibration of normal displacement transducers for use as secondary
standards for the calibration of acoustic emission sensors for the purposes of non-destructive evaluation. For this
purpose, the transfer standard should be high-fidelity and very stable and understood. If this can be established, the
stated accuracy should apply over the full frequency range up to 1 MHz.

NOTE — The stated accuracy applies only if the transfer standard returns to quiescence, following the transient input, before
any wave reflected from the boundary of the calibration block returns to the transfer standard (= 100 us). For low frequencies
with periods of the order of the time window, this condition is problematical to prove.
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5.2 Acoustic emission sensors

This International Standard is also applicable for the calibration of acoustic emission sensors for use in non-
destructive evaluation. Some of these sensors are less stable than devices suitable for a transfer standard. The
stated accuracy for such devices applies over a range of 100 kHz to 1 MHz and with less accuracy below 100 kHz.

NOTE — A primary difficulty in any calibration of a mechanical/electrical transduction device is the determination of the
mechanical-motion input to the device. Using this calibration procedure the motional input may be determined by two different

means — theoretical calculation and measurement with an absolute displacement transducer.

5.3 Theo

Elasticity theory has been used to calculate the dynamic displacement of the surface of an infinite haif-

a normal

function of time, yielding a wave-form for the displacement called the seismic surface pulse.

This calibration method uses a laboratory approximation to this theoretical solution. See J1] and [2] in
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oint-force step function in time. The solutions give the displacement of any point on.the

is approximated by a large metal block in the form of a circular cylinder and the point-force
pproximated by the breaking of a glass capillary against the plane surface-of the block. The
on of time shall be calculated for the location of the device under test(on-the same surfacg
it). This calculation shall be performed using a measured value of the“step function force a
that are determined by speed of sound measurements on the block

ute displacement measurement

fe measurement of the dynamic normal surface displacement of the block is required for th
he transducer used for this measurement is a standard transducer against which the device
The standard transducer shall meet or exceed the“performance of the capacitive transdud

y, high sensitivity and operating characteristics amenable to theoretical calculation. It shall
able dynamic loading to the surface it is measuring.

ration, the standard transducer and-the device to be calibrated are both placed on the san
as the mechanical input and equidistant in opposite directions from it. This guarante

bd is also applicable forthe calibration of acoustic emission sensors for use in non-destructiv
hese sensors are lessystable than devices suitable for a transfer standard. The stated accu
plies over a rangé-ef 100 kHz to 1 MHz and with less accuracy below 100 kHz.

ive geometries for this input and transducers are possible, but results from other geometrie
b supplement results from the “same surface” geometry. AE waves in structures are mg
by surface wave phenomena and the calibration should be based on the transducer's resp
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hridge and Greenspan (see clause 2). The important characteristics of the standard transgucer include
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he surface of
ps that both

b the same displacement-timethistory. Comparison of the output of the transfer standard ¢r AE sensor
with the oditput of the standard transduceryields a calibration of the device under test.

e evaluation.
racy for such

5 should only
st frequently
pnse to such

5.5 Units

for the calibration

An AE sensor responds to motion at its front face. The actual stress and strain at the front face of a mounted sensor
depends on the interaction between the mechanical impedance of the sensor (load) and that of the mounting block
(driver); neither the stress nor the strain is amenable to direct measurement at this location. However, the free
displacement that would occur at the surface of the block in the absence of the sensor can be inferred from either
elasticity theory calculations or from measurements made elsewhere on the surface. Since AE sensors are used to
monitor motion at a free surface of a structure and interactive effects between sensor and structure are generally of
no interest, the free motion is the appropriate input variable. It is required, therefore, that the units of calibration be
voltage per unit of free motion, e.g. volts per metre.
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5.6 Block material

Since the calibration depends on the interaction of the mechanical impedance of the block and that of the AE
sensor, a calibration procedure must specify the material of the block. Calibrations performed on blocks of different
materials shall yield transducer sensitivity versus frequency curves that are different in shape and in average
magnitude. The amount by which such results differ may be very large. For example, a transducer that has been
calibrated on a steel block will, if calibrated on a glass or aluminium block, have an average sensitivity that may be
from 50 % to 100 % of the value obtained on steel, and will, if calibrated on a polymethal methacrylate block, have
an average sensitivity that may be as little as 3 % of the value obtained on steel. In general, the sensitivity will be
less if the block is made of a less rigid or less dense material.

For surface wave calibrations, the Rayleigh speed in the material of the block affects the calibration. For a sensor

having a circpifar aperture (mounting face) with uniform Sensitivity over the face, the aperiure effect preditts nulls at
the zeroes of J(ka), where k = 2nfic.

Hence the fr¢quencies at which the nulls occur are dependent upon the Rayleigh speed.

6 Apparajus

6.1 Genera

A typical bagis scheme for the calibration is shown in figure 1. A glass capillary, B, of diameter about P,2 mm, is
squeezed between the tip of the loading screw, C, and the upper face of the large steel transfer block, A{ When the
capillary brepks, the sudden release of force is a step function whoese rise time is of the order of 0,1 us. The
magnitude of the force step is measured by the combination of the PZT disc, D, in the loading screw an¢l a charge
amplifier, E, ponnected to a storage oscilloscope, F. The standard-Capacitive transducer, G, and the deyice under
test, H are placed equally distant (usually 0,1 m) from the source and in opposite directions from it. It|is obvious
from the synmjmetry that the surface displacements would besthe same at the two transducer locations if |t were not
for the loading effects of the transducers. The loading effect of the standard capacitive transducer is nedligible and
the loading effect of the unknown sensor is part of its calibration.

Voltage trangients from the two transducers are _recerded simultaneously by digital recorders, |, and the information
is stored for processing by the computer, J.

With such a gystem it is possible to do the.necessary comparison between the signal from the unknown gensor and
that from the[standard transducer or with'the displacement wave-form calculated by elasticity theory. A sifnilar result
should be obtained either way.
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Charge amplifier

Storage oscilloscope
Standard transducer
Transducer under test
Transient recorders
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Figure 1 — Schematic diagram of the apparatus

fer block

er block.shall be made from specially chosen material. It shall be as defect-free as possi
N ultrasonic longitudinal inspection at 2,25 MHz. The method described in ASTM E 114 or eq

be used. T

The matetial_shall also be highly uniform as determined by pulse-echo time of flight measurements

'he"block shall contain no flaws which give a reflection larger than 10 % of the first back W

pble and shall
uivalent shall
all reflection.

through the

block at a minimum of 15 locations regularly spaced over the surface (see ASTM E 494). The individual values of
the longitudinal and shear wave speed shall differ from the average by no more than * 1 part and * 3 parts in 103,

respective

ly. A transfer block and calibration apparatus is shown in figure 2.
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@&Jre 2 — Photograph of the steel block with the calibration apparatus in place

6.3 Step function source

The step function force events shall be made by breaking glass capillary tubing (see figure 3). The capillaries are
drawn down from ordinary laboratory glass tubing made of borosilicate glass. Sizes of the capillary may range from
about 0,1 mm to 0,3 mm outside diameter, with 0,2 mm being typical. A bore size equal to the wall thickness gives
the best results. The force obtained is usually between 10 N and 30 N, with 20 N being typical.

The capillary shall be laid horizontally on a piece of microscope cover glass (0,08 mm x 1,5 mm x 1,5 mm) which
has been cemented to the top face of the steel block with salol (phenyl salicylate) or cyanoacrylate cement. The
force is applied to the capillary by a solid glass rod (12 mm in diameter) which has been laid horizontally on top of
the capillary and at right angles to it. The rod is forced downward by the loading screw until the capillary breaks. The
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loading screw shall contain a ceramic force transducer which has been calibrated by dead weights. Thus, although
the size of a source event cannot be predicted in advance, its magnitude may be measured and used for the
elasticity theory calculation of the surface displacement.

Ideally, the capillary should rest directly on the steel with no cover glass interposed. It may be found necessary to
use the cover slide to prevent damage to the block surface. The presence of the cover glass does alter the wave-
form very slightly; a slight ringing occurs due to reflections at its boundaries. The ringing contains only frequencies
above 2 MHz. Furthermore, the effects on both standard transducer and unknown sensor are the same and
therefore the calibration is not affected.

1 \_//

X

Key

1 Loading screw
2 PZTdisc

3 Glassrod

4  Cover slide

5  Capillary

Figure 3 — Glass capillary source
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6.4 Standard transducer

The standard transducer to be used for the absolute measurement of displacement in the calibration shall have
characteristics at least as good as the capacitive transducer described by Breckenridge and Greenspan. This
device shown in figures 4a) and 4b), essentially consists of an inertial mass (about 40 g) mounted on compliant
supports and separated from the top surface of the steel block by an air gap of about 4 um. This gap is determined
by measuring the capacitance between the transducer and the transfer block using a three-terminal ratio arm bridge
as described by Breckenridge and Greenspan. The inertial mass is a brass cylinder with its axis horizontal. When
the block surface moves at frequencies above the natural resonance (approximately 1 kHz) of the mass on its
compliant supports, the brass cylinder remains approximately stationary. The brass cylinder is d.c. polarized (100 V)
through a large-valued resistor so that variation in capacitance results in variation of the voltage on the brass

cylinder.

For use as
calculations
each end to ¢

The sensing
is tangent to

The sensitivi
is 4 x 10-12
deviation fro
10 % and thg
interest. The
measuremer|
5 %.

The standan
ASTM E 650

6.5 Datare

Two synchro
standard trar
rate of 20 MH
The data so
device, e.g.,

7 Calibrat
7.1 Notatio
The following

n st

is t

=0

The units of s; and u; are volts multiplied by an arbitrary constant which

is th
is th
is th

h primary standard, it is essential that the sensitivity of the transducer be calculable~To
ractable, the cylinder is treated as a section of an infinite cylinder. Electrical guards.are §
bliminate end effect that would otherwise be severe.

area of the transducer is 12,4 mm long and effectively less than 1 mm wide. Fhe long axis ¢
an advancing wave-front from the capillary source.

y of the transducer is in the neighbourhood of 12 x 106 V/m and the mirimum, detectable dis
. The calculated frequency response of the transducer based on its ‘effective aperture wi
the curvature of the wave-fronts is shown in figure 5. At 1 MHz the amplitude is down by
phase lag is about 8°. Equations (4) and (5) can be used to ealculate the response at freq
total estimated uncertainty in the displacement measurements“is approximately £ 5 %. Dis
ts made by the transducer are in agreement with displacements calculated by elasticity th

d transducer and the device under test shall *be placed 0,1 m#=1 mm from the sO
) unless otherwise stated in each report of calibration results.

cording and processing equipment
hized channels of transient recording equipment are necessary for capturing the wave-form
iz or at least 10 bit accuracy and a sampling rate of 10 MHz and shall be capable of at leas

recorded shall be transferred\to a minicomputer for data processing and also stored on a
floppy disc, as a permanent;record.

ion data processing

notatienys used to describe the treatment of data to obtain calibration results (see 4.1):

he-total number of samples in one channel;

make the
ittached to

f this area

placement
jth and its

less than
uencies of
placement
pory within

urce (see

s from the

sducer and the transducer under test. They shall be capable of at least 8 bit accuracy and a sampling

102,4 ps.
bermanent

1€ sampling tme interval in [1s;
e total record time in us (= nAj);

e jth sample value in the standard channel;
e jth sample value in the unknown channel;
,1,2,...,n-1.

Ji depends on the specific

equipment figuration.

electronic
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Dimension$ in millimetres

g=0,076
/=125 12,7

X o
\\N,F, 47"

4

@ 7,54
2a =125

N
1,7
Y 0,18
P s ol M
| l\k
- 3
N o
o 10 1,18 S /
@l o
O‘ o \ T
% | ' g =0,076
0,25 I,
X Y

Key: | Length of the active electrode; 2a Diameter of the active electrode; g Width of the guard gap
b) Longitudinal section

Figure 4 — The capacitive transducer
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7.2 Complex valued spectra

©1SO

The data should be treated in the following way: Using a fast Fourier transform, calculate the (complex valued)
spectra S(f,;) and U(f,;,) respectively of the standard and unknown signals by:

n-1

S(fyn) = At Z s; exp(i2nmj/n)

Jj=0

n-1

U(fn) = At z u; exp(i2nmj/n)

J=0

. (1)

. (2)

where f,, = nl/T, m=0,1,2, .., (n2)-1andis the mth frequency in megahertz.

The respons

D(fm) =

7.3 Magnitd

Magnitude and phase are calculated from U(fy), S(f) and D(fy) in the usualway, e.g.:

I'm=ma

O, =ph

where

Im[D(fm)
Re[D(f,

7.4 Graphic

Graphical re
sensitivity of

7.5 Special

Several aspq
corrected for

b of the transducer under test, D(f,,), with respect to that of the standard transducer, is ‘as foll

()
S(i)

de and phase

ynitude of D(f) = | D(f,) |

Im(D(f,)

D(fm)

nse of D(f,;) = arctan

is the imaginary part of D(fy,);

] is the real part of D(f,).

al representation

bresentation of the, ferggoing steps in a typical calibration is given in clause 9. In absolute

considerations

cts ofithe calculations require special attention. The spectrum from the standard transducer
the, previously mentioned aperture and wave-front curvature effects (see figure 5).

the unknown transducer is Ar,,, where A is the absolute sensitivity of the standard transducey.

OWS!:

. (3)

. (4)

. (5)

units, the

should be

A problem arises in doing a discrete Fourier transform on a function of finite length if the initial and final values of the
function are unequal. The transform treats the function as though it were periodic with the period equal to the length
of the time recorded. If initial and final values are unequal then artificial steps are introduced at the time when each
successive period joins the next. The result is the introduction of spurious frequencies in the transform. A simple
solution to this problem is to add a linear function to the data as follows:

.. (6)
. (7)

The modified function s’; and u’; introduce no artificial steps. It has been shown analytically that this procedure and
two other commonly used techniques for dealing with step-like functions are all equivalent other than zero.

s’j=sj+ (jIn) (So — Sn-1)

u'j=ui+ (jin) (U — Up_1)

10
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If the calculation of phase, a four-quadrant routine is used which finds that value of — arg[D(f,,)] which lies between
—r and &. In the calculation of the phases of S(f,,) and U(f,,), the choice of time origin is all important. Equations (1)
and (2) involve the implicit assumption that the origin is at kAt = 0. This is the time at which the recording began and
is not related in any meaningful way to the physical phenomenon of the surface pulse. A better choice is the time of
arrival of the Rayleigh spike at the standard transducer. A trigonometric transformation is performed on S(f,;) and
U(f,,,) to shift the origin to this time. Obviously, the phase of D(f,,) is unaffected by this transformation, because the
phase of S(f,;;) and that of U(f,;;) are shifted by the same amount.

Since phase is defined as the argument of a complex number, it is uniquely determined only to within multiples of
2n. The phase is that value of — arg[D(f,,;)] which lies between — &t and &. This means that if, as frequency increases,
D(f,,) crosses the negative real axis, then the phase will jump by 2r. To eliminate these jumps, a routine should be
adopted which calculates phases in sequence of increasing frequency such that each phase value is the nearest

one to th
however,
near zero

Various a
magnitude
displacem
multiplying

original time function.

Conversio
also be dg
also be c
transduce

8 Error

8.1 Sour

There are
the captur

8.2 Sens

The absol
scale factd

8.3 Expe

There are
the signal
transform.

preceding one. For ransducers with stabie phase characlernsics, this routne Works wetlt
n the case of a transducer with a widely oscillating phase characteristic or a response-whi
At some frequencies, a phase ambiguity of + 2nrn exists.

ternatives exist for the expression of the calibration data. In the above-described form
is volts of output per meter of surface displacement. This is true because the ‘standard tra
bnt sensor. One alternative is to convert the response to volts per unit velogity (V-s/m). Th
the values of S(f,;;) from the standard transducer by 2rf,,, which is equivalent to differer]

n of the unknown transducer's frequency response to a time domain wave-form, or impulse r
ne by means of an inverse discrete Fourier transform. The impulse response of the unknow
hlculated directly by deconvolution of the unknown devicés time wave-form by that of
. Such impulse response information may be provided in addition to the frequency response

analysis
es of error

several sources of error that affect thejaccuracy and repeatability of this method of calibra
b process and variability in the mounting of the sensor under test.

tivity of transducer

ite sensitivity of the capacitive transducer described in 6.4 is known within +5 %, and so t
r is uncertain by thisamount. The shape of the calibration curve is not affected.

Cted errors

expected.errors in the calibration arising from sources including amplifier noise and quantiz
capture, some randomness in the source and the discrete approximation to the contin
Thése errors are difficult to assess, but should be evaluated experimentally by repeated c3

Sometimes,
Ch goes very

, the unit of
Insducer is a
s is done by
tiation of the

psponse, can
n device can
the standard
nformation.

tion, such as

e calibration

htion noise in
Lous Fourier
llibration of a

transducer Without remounting in between calibrations.

There are also expected errors arising from the fact that data are captured during a finite interval of time (102 us),
and any signals from the transducer after this interval are ignored. For transducers which have short ringdown
times, this error is expected to be negligible, but there will be significant errors, depending on the extent to which
there is any ringing in progress at the end of the interval.

The Fourier transform yields discrete frequency components separated by 1/7, or approximately 10 kHz, which is
an approximation to the true, continuous frequency spectrum. At frequencies below 100 kHz, this scale becomes
rather coarse. For transducers that are high-fidelity and stable, there is meaningful information at the frequencies
between 10 kHz and 100 kHz. For resonant transducers, it is difficult to establish an expected accuracy in this
range. At frequencies above 1 MHz, the amplifier and quantization noise become so severe that the expected
accuracy statements do not apply. At frequencies between 0,1 MHz and 1 MHz, the amplifier noise, quantization
noise, finiteness of the Fourier transform and the finiteness of the time window should be + 5 % with a confidence of
90 %. For near ideal transducers, this error estimate can be extended to 0,01 MHz to 1 MHz.

11
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8.4 Repeatability between calibrations

The repeatability between calibrations of a transducer after remounting is poorer than without remounting. Making a
repeatable mechanical coupling of a transducer to a surface is known to be a problem. In this calibration, special
attention must be paid to minimize variability due to the following:

— lack of flatness of the mounting face of the sensor;

— the presence of small burrs on the surface of the transfer block;

— dirtin the couplant layer;

— excessive viscosity of the couplant;

— variability in the amount or point of application of the hold-down force (9,8 N, centred, is recommendgd).

Control of these conditions should be verified by repeatedly recalibrating a transducer after remoupting. The
agreement bptween different calibrations of the same device should be within = 10 % of the maximum vglue of Ary,
over the range 0,1 MHz, with a confidence of 90 %.

8.5 Data vefification

Data from rgpeated calibrations should be collected and the overall system werified to produce a |calibration
precision of & 15 %.

9 Typicallcalibration results

Figures 6 anfl 7 show typical results from two calibrations of an AE transducer that has been remounted in between
calibrations. Figures 8 to 15 illustrate the steps in the processing of the calibration data from an AE transducer. At
the least, figyres similar to Figures 8, 9, 14 and 15 should bé&“included in a report of calibration along with reference
to the basic method and any differences from expected procedure.
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Figure 5 — The calculated frequency response of the capacitive transducer based on its effective aperture
width and the deviation of the straight aperture slot from the circular wave-front at 0,1 m from the source
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Figure 6 — Magnitude responses of an AE transducer as determined by two calibrations with remounting
of the transducer in between calibrations
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Figure 7 — Phase responses corresponding to the magnitude responses of figure 6
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Figure 8 — A typical calibration, voltage versus time wave-form from the standard transducer as captured
by the transient recorder
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Figure 9 — The same calibration, voltage versus time wave-form from the unknown transducer
as captured by the transient recorder
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Figure 10 — Spectrum magnitude as obtained by performing a fast Fourier transform

on the data of figure 8
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Figure 11 — Spectrum phase corresponding to the spectrum magnitude of figure 10
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Figure 12 — Spectrum magnitude as obtained by performing a fast Fourier
transform on the data of figure 9
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