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SUMMARY
A detailed description is given of an acoustic emission (AE)  calibration .c~v stem based

on the use of a helium jet. Reasons for the choice of the helium jet are given and various
other simulated sources of A E are discussed in terms of their suitabilit~’ for calibration of
AE systems. 
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1. IN TROD UCT ION

Acoustic emission (AE) is a rapidly developing technique for non-destructive inspection
(N Dl) which utilises the detection of sounds usually of ultrasonic frequency. ft has numerous
applications to proof-testing, in-service testing and materials research studies. The AE signal can
be processed in various ways to yield threshold crossing or event counts, RMS voltage and
energy measurements , and/or to permit amplitude distribution and frequency spectral analysis to
be conducted. Whereas event counting is an established method for determining AE activity,
spectral analysis has been proposed as a means for identifying AE sources and for gaining
an insight into the operation of source mechanisms (I).

The spectral distribution of AE from a source in any specimen is convoluted with the
trans fer functions of the propagating medium, specimen geometry, transducer and couplant ,
and signal-processing equipment. Consequently, calibration of the complete AE system is
required. In this paper, system calibration is considered and a number of simulated sources
are eva luated, including the recently developed use of a helium jet. A description is given of the
instrumentation required for spectral analysis of random AE events.

2. AE CALIBRATION METHODS

2.1 System calibration

F . In any physical measurement system, there is the need to (a) verify the reproducibility of
data from particular equipment, both in the laboratory and in the field, and (b) compare and
eva luate data from different laboratories. The impetus for calibration of an AE system is also V

based on the additional requirement to characterise an AE source, independent of the AE system.
The sequence of analysis of AE signals is illustrated in Figure 1. Elements which constitute

source and system are given. Three main problems associated with the analysis of the detected
signal can be defined (2) :

(i) determination of the relationship between the physical event and the elastic waves
that are produced,

(ii) quantitative description of the wave propagation process throughout the material
Structure ,

and
(iii) characterisation of the transducer response to a simulated AE source and eventually

to a real source. . V

The first problem relates to the source and the remainder to system calibration. Since AE
sources are not well understood at present . a var iety of methods has been used to simulate V

acoust ic emision and to calibrate the system shown in Figure 1.

2.2 Simulated sources of AE

A list of simulated sources, together with their principal characteristics , is given in Table I.
Each technique has certain advantages and limitations , but none has achieved universal
acceptance (3).

The spark-bar calibration method (4) utilises an electric spark formed between two high
voltage (500 V to 15 kV) electrodes to induce a pulse of mechanical stress in a bar or specimen.
The associated stress waves then propagate to the transducer which is to be calibrated. Parker (5)
asserts that large variations in both the voltage applied to the electrode and in the air gap spacing
result in only small changes (5 dB) in measured AE~ this result has yet to be confirmed by other
AE workers. Spark excitation has been successfully applied to a range of specimens of varying
shape, size and material. However , cons ideration needs to be given to the modes propagated
in various geometries. From our experience , t he major disadvantage of the spark-bar technique
is its non-reproducibility. A very similar technique (5) involves passing a heavy current (up to

_ _ _ _ _
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100 amp) t hrough a reproducible point contact to the specimen. The contact is formed by
pressing a stee l ball bearing of 3 mm diameter against the s pecimen and is standardised by its
D.C. resistance. Therehs . soniC control of generated stress wave amplitude is achieved.

Preliminary studies hase been conducted into the use ofa laser pulse impinging on a specimen
and creat ing a simulated Al - source lb. 7). Studies are needed to evaluate both the reproducibility
t~~I this thermal source in dificrent materials and the possibilit~ of an absolute energy calibration.
The pulsed lase r ma) then be found to pros ide a calibrated reproducible source (7, 8).

A commonly used simulated Al source is a pulsed piezo-electric transducer (9). Recent
aut hors hase also considered the use of a related device — t he capacitive pulser (5 , 10). The
advantages of a pieio-electr ic transducer as a simulated source include control of the duration
and waveform of the stress wa ’.es generated . ver ification of the mode of propagat ion of the
stress w a se , and s implicity and convenience (6). Bentley and Green (8) used the formulation
described in section 3 2  for the helium jet , to obta in system-independent AE spectra for the
pulsed piezo-electric transducer However , the piezo-electric transducer has some disadvantages— V

in particular . difficulties have been reported in reproducing transduce r coupling, especially in
the field. Problems are also associated w ith the production of identical transducers , w hereby
t he requirement of a transferable standard for comparison of data (e.g. between laboratories)
is not easily fulfilled. Absolute calibration of piezo-electric transducers as primary standards
can be achieved using reciprocity techniques. Most commonly, the standard is only ca librated
for longitudinal w a s-es (9), although approximations have recentl y been developed for reciprocity
ca libration in a Rayleigh w a s - c  field ( I I ) .

Attempts to use the AF spectra generated by corros ion reactions have failed to yield a
reproducible calibration standard. Similarly, the AE spectra generated by martens itic transfor-
mat ions in an Au-47 ,, Cd alli~y (1 2 )  and in a Fe-29’S ,, Ni al loy ( 13) depend upon thermal
history and are therefore inappropriate for calibration standards. However , t he copious uncon-
tro lled emission s are s - cr y usefu l for scr if y ing t he operation of AE instrumentation.

In concept , dropping a hail onto a transducer or specimen appears a likel y basis for a very
s imple absolute calibration method . 1-lowes-er , in practice , there are serious problems : the rise-
t ime of the simulated AF signal is slow compared with signa ls from real AE sources (14) and
damage is incurred by the transducer or specimen surfaces. In addition , at A RL. it has proved
necessary to constrain t he ball to move in a tube before impact and after impact to pass through
a w indow , before reproducible bounces could be achieved. Stephens and Pollock ( I S )  showed
t hat the spectra obtained by dropping a steel ball on their specimen were essential l y low frequency
and thus quite different from their observed emission spectra.

A logical extension of the concept of the dropped ball is the use of sand or silicon carbide
blast. A transduce r is mounted on a ‘standard’ spec imen which is subjected to the impact of
numerous high speed particles . Cont inuous emission is simulated. This technique is su itable for
spectra l studies of transducer response hut it is of little value as a standard because reproducibility-
is poor: the output depends si gnif icantly on air pressure and the size of grit or sand. An analogous
tec hnique uses a helium jet directed onto a specimen to simulate a continuous source of AE
wh ich is claimed to be reproducible: the use of the helium jet for the excitatio n and spectral
ca libration of AF system s w as postulated by McBride and Hutchison ( 16). A jet of helium at a
specified pressure is applied through a glass cap illary tube situated normal to. and at a fixed
distance from , t he surface of the specimen. This techni que is discussed in detail in section 3.2 .

Fracture of materia ls in any form generall y pros- ides copious AE and the fracture of silicon
carb ide particles has been used in various studies to simulate an AE source . Graham and Alers ( I)
used ste el pl.ue lias ing a depression on one face in w hich fine particles of silicon carbide were
fractured continuously under the rotary action of a fused silica rod. The ‘w hite noise ’ generated
by t his method (and related methods like the use of carhorundum paper) is again useful in
verif~ing the operation of equipment e.g. a location s y s t e m . hut it is not sufficiently reproducible
for sys tem calibration

Two ha’,ic . hut elegant, techniques recentl y reported are t he fracture of selected glass tubing
by means of a screwed indenter (2. 10) and the mechanicall y contro lled fracture of selected
pencil lead ( 2 )  Both techniques are founded on the concept o t a  well-defined stress pulse, a step
function, w hich is said t o  resemble a real A L source . Hsu ci al (2 )  obtained good agreement
between theory and experiment for a system incorporating both a capacitive displacement-
sens itive transducer and a plate For which an ex act so lution to the wa s -c propagation problem

____ __ 
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w as ava ilable. Substituting a piezo-electric transducer for the capacitive one showed that the
response f ’rom t he piezo-electr ic transducer was predominantly velocity sensitive. Extension of
t his study should ultimatel y a llow more complete characterisation of a transduce r, part icularly
w ith respect to its response to displacement , velocity and stress.

2.3 Comparison of system-source combinations

It is es- ident that identification of a standardised calibration method represents one of the
more urgent needs of the rapidly developing AE technology (3). However , t he requirements
(sec t ion 2. 1) for selection ola standardised method are neither stra ightforward nor easily achieved :
also, in many cases , quant itative comparison of the different calibration techniques is comp licated
by the limited, and somet imes conflicting, data ava ilable.

Initially- we w ill consider only the basic requirements of reproducibility and s-ersati lity
between laboratory and field applications. It is evident that the only simulated AE sources
sat isfying both these conditions are (i) the helium jet , and (ii) the related techniques of fracture
of glass capillary or pencil lead. While excluding the use of the other techniques given in Table I,
it should be reiterated that , on further study, the laser pulse may prove to be a reproducible
stan dard and the pulsed transducer already prov ides a viable reference for intra- lahoratory’
cal ibration . 

. 

-
The third and most significant requirement of a calibration standard is based on the charac-

ter isat ion of an AE source , independent of the AE system. Let us examine the calibration of
an A E system (Fig. I) us ing the simulated sources which have already fulfilled the basic require-
ments . Since there has been only limited theoretical analys is of AE sources ( IS . 17 . 18 , 19. 20),
careful experimental observation has to be used to validate simulated AE sources . The signa ls
produced by t he helium jet and the fracture of glass capillary tubing or pencil lead exhibit the
w ide frequency range normally assoc iated with AE sources , although the helium jet more closel y
represents continuous emission (I . 20) and the fracture technique, burst emission (I , 19). These
sources appear to be well-suited to study the problem of system calibration and to determine
the trans fer functions for was --c propagation in a bounded structure , for the transduce r and
couplant . and for associated signal-processing equipment. In our laboratory, the helium jet has
been selected for detailed study.

3. HELIU M JET SPECTRAL CALIBRATION

3.1 AE monitoring system for transient spectral anal ysis V -

The basic requirement for this study of AE spectral calibration and analysis was the recording
and processing of spectra in the frequency range 01 to 1 MHz. A variety of techniques for the
analysis of the transient spectra associated with intrinsically random AE events has been proposed
( 1 , 8, 2 1). At present , computer met hods for spectral analysis appear most promising, but t heir
on- line presentation is difficult.

The spectral analysis recording system used at ARL is shown schematicall y in Figure 2.
The AE signals are detected by a piezo-electric transducer : presently a Dunegan/Endevco S 920 1
transducer is used for broad-band spectral analysis. The signals are amp lified by a high input
impedance preamplifier (gain 60dB) having a decreasing frequency response above I MHz.
A Biomation model 6108 transient recorder with variable trigger level and gate is used to record - -

t he transient AE signals, t he analog output being recorded by an Ampex PR-2200 tape recorder
for subsequent spectral analysis. Alternativel y, analys is can be made directly by the HP 8556A ,’
8552B spectrum analyser. V

Restr ictions imposed by sampling theory must be considered when using any- digital recording
device having limited memory. To minimise the effects of aliasing of the spectra, the maximum
frequency which can be determined is half the sampling frequency (22). Therefore, a sampling
frequency of not less than 2 MHz is required to resolve an upper limiting frequency of I MHz.
(It is assumed that signals above I MHz have been effectively removed by filtering.) In the
frequency domain, the AE signal is convoluted with the gate signal. Thus. a lower limit is imposed
on the number of signal cycles which must be recorded within the gate period for effective
resolution . The memory of the Biomation 6108 transient recorder contains 256 words : conse-
quent ly, once a samp le rate of 0’S ~zs is chosen, a gating period of 128 ~.ts resu lts. For adequate4
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resolution of ZOO k I-Ii signals . a bandwidth of 10 kHi is needed, which corresponds to a minimum
gat ing period of 100 .Ls. This demonstrates how the restriction of the gating period limits the
proport ion of the signal analysed and a lso determines the accuracy of analysis. A transient
recorder with larger memory would allow greater flexibility of analysis. Similarly, control of
signal processing from t he transient recorder to the tape recorder would improve the efficiency
and rate of recording.

3.2 The helium jet as a source of AE

The helium jet was briefly described in section 2.2. McBride and Hutchison (16) discussed
the use of gases other than helium and found that , to achieve comparable results using nitrogen,
pressures of about 550 kPa were needed. At A RL . it was considered that some damage to aircraft
surfaces may occur at this pressure so the possible use of nitrogen was never pursued. However , in
some preliminary experiments compressed air was used ; the AE output then differed from that H
of the helium jet.

Pressure conditions in foe helium jet were monitored close to the jet using a pressure gauge,
and a flow meter was used to check perturbations in gas delivery. The capillary tube was mounted
on a microscope stage close to the flat end of a standard specimen block 125 mm in diameter
and 100 mm in length. Signals generated by the helium jet impinging on one flat face propagated
through the cy linder and were detected by a transducer coupled to the opposite face. Both
jet and transducer were mounted on the axis of the specimen. A 5 MHz X-cut quartz transducer
and the Dunegan/Endevco S 920 1 transducer were used. The optimised operating conditions
for the jet are summarised in Table 2.

TABLE 2

Helium jet operating conditions

Jet parameter Operat ing conditions

Bore diameter 0’8 mm
Length of bore 80 mm
Stand-off distance from 3’S±O’l mm

specimen
Pressure 145±7 kPa
Angle of jet to surface 90± I’

The parameters listed above were largely chosen for convenience : the tolerances shown can be
easily atta ined and, provided they are maintained, it is found that different workers can obtain
essent ially the same results. The various parameters are inter-related and the effects of varying
separate parameters are likely to be unpredictable.

Now consider the use of the helium jet as a source for transducer calibration. The measured
output Ri’ ,i~ of the transducer as a result of the helium jet impinging on the block is given by

~~~~ = [J ~
- B ~

- T C~~] d B  (1)

w here I is the energy input associated with the helium jet . B and CT are propagation factors I -

associated with the block and couplant respectively, and Tis the input/output characteristic of the
transducer. Each component described in Equat ion (I) and in subsequent equations is a function
of frequency and is expressed in logarithmic terms. Thus, the transducer/couplant system can be
calibrated relative to the jet — block system. Such an evaluation of the AE transducer response
may be of considerable value in selecting a transducer for a specific application.

Again, cons ider the response of the 5 MHz X-cut quartz transducer, whose measured
output RQHB is given by

RQ,,R == [I - j -  B -
~~ Q -j - CQ ] dB (2)

5

L~~



where ( Q t’, the Pr~ PJ~.iit~ it ) . t c i , i asso~.’iatcd ‘% nit the c~ up laiit and (j is the input output
charac terist ic 01 the quart / i ransd ucer.
Whence.

- - i l  It 1~i’i ii ks-,,1i,) ( Q - ( v )1 Ill
(‘Ic_i rk (1  ( j  result s once ~() ( 

~ ) is kmis -s- n. t o  .i t i r s t  approx imation . ( ‘ j - (
~~ Nes-er -

thekss difference’ in coup lani s can produce I i  ice di tterence’. i n I iansducer output I ig 3) .
.1 ssOct,i ied s-s it Ii I he pre~loini mince of p.t ri cii al- transducer modes - I - un hermore . doc in pis to
use ha tid hook a I ues of pieio-elect t i c  con stan is l’oi () h a s -  e not been siiccessfu I. I knee the use
ot ’ the quart! transducer is .1 ‘tandard to rep lace the heli U iii ci is not sat isl~icto ry -

I inalk . consider t he helium ci standard is app lied to a siruL- iurc close to an ant icipated
-
~ I s i te and s- s it h t lie transducer appropriatel~ located. I he measured out put R r n of t he
transdu cer t’ gis-et i  by

k . ,~~ I.’ .~ 1 ( ‘
~ - J  JR (4)

w here .~ is .i t ra iss l ’er function , for the si ruct nrc. s-s Inch i ucorporai cs propa~at ion et lect s .
‘Ihe measure OUt Nit /5’ r i .i ris i nit f ront .i source of S I is

k 1 .  [ I  c j ( ,-] ~Ifi )
~~

)

s-s here I is t h e  input assoct .ited s - s - t i l l  t h e ,i~ oiisi ic et i i i s s to i i . s-s hence

Ni t  R r u s  I I  J ~/R

Thus .i m c . i s , t t e  of ’ the unknoss it -S I soti lee tcfc, - rcd to the helium Jet lt.is been made in te rms : -

of measured responses . \ s  .i result of List t ig ihis procedure . t he effects of ’ t lie specimen in eon-
ditioning S I si,ii . ils h.is been elin itn. ited. I lii’ procedure imp lt c t t l~ .issu nies that the si gnal
front the unknos-s it S I soiii cc in the specimen is tr u ly .itt. ,lo ito us to the stt t ttal from the helium
jet probe V

I’he procedure desert bed ahos- e t i, is been a ppt ed to t lie S I - obt .ui ned (‘rou , a loaded s-lou his-’
cant les-er beam i specimen of V.

()~~s - ) alum inium alloy - -\ t~ ptc.i l me.isuiement of ’ .51 from
crack i nit in the specimen is slioss it ii t ii ic  4 . together ss- t b the corrected St spect ru it ret _ it is e
to .1. lii I- icure ~ the sped rLim relat is c to ./ f or cri c k i h g  is compared s-s tilt corresponding spectrum
for corrosion in i he ~ i3~t alloy - I ftc t s-s o pi odesses are seen to teld signi I ,e.i Ut ly di il’eren I spectra -

S .irious approaches h a s  e been proposed to eomp.i re spectra such is t hose it t - iguie ~~.

\Voodss- ard ( N. 2~ I ch.ir.ieieriscd .111 5 I - spectrum b’~ .i s- i  tit le ft-eqiienc\ . its median trequenc\
and thereb y identi fied dominant so ut ee  mechanisms in .i series of spectra - I’,tt tern recognition
techni ques ( ~it) may a lso , i s s l s i  tlte rapid .tn .il y s t s  atid soii ing ot SI sigital s I hese .tpproaches
will cmi He s-peel ral .uii al ‘is to he used more efficient I iii the determin ation of t lie t,. it lire of
.~\F sources.

4. CONCt.t’SlO~~ .-~\t) I’ROPOs.%l.~ FOR FL 11 RF ~~~~~
-S s- ariety of S I simulated sources lids been .issess ~ d for app licat ion to sped r.il calihr.it ion

oh’ an -~~1 s~ ste ni - lite ltel t urn ci f i t s  been s ltdaied .is a reprod net He s- i niulated -\ I source
s-s h ile t lie use of the fr,ict tire of glass t ithi ng or pens-’ I lead appears to hold promise -S met hod
for the an.il si s of transient ‘peel r.t fi ts been described and sy s-tent —i ndependeni S I spectra has e
been presented. l’he a pplieat ion of i Ite bet ill Ut ci ca Ii brat ton proced nrc pit - ides .t met hod for
trans ducer and s-s s-tent c .i l ibt. tiiot i s-s titch alloss s tlte exchange of data bets-seen l.tf’or.itoi es

-\ series of problems remain . s-i,
(it The lack of understandin g of the espouse of a t r.iiisd iieei- to disp lacement . s eloctty or

s t ress  I hi-. aspect of t ransditeer eharacterisai ton is being ex,intined by II su i t  a!. 1.
s-s lu te I I utchison and NleBride V.

) has e recently calibr.iied I he helium let i t t  ierrn s of
displacement -

(i i~ The poss ible es-c l tat ion ol sy stein res-ona nec’. ~ i nd in particular spec men i eson .t nec’)
s-s hich ntay dither Irs-sm i h ose excited by S I pu lses because oh’ the continuous nat nrc ol’ the
helium ct. Ihe result s- of sonic preliminar~ test ’  suggests that this may not be is trouble-
some as ex pected . 5 i t t oi uc oilier thing s-, i t  is implied t i i i  the tr ,inst ’er lund ions I’or t he
ira utsd ucer obta ined under stead y s - t a te and trai l siei,t Loud i ons are the s ,u me -

(,
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(iii) The highly non-linear nature of almost any of the transfer functions requires that
calibration be carriet~ ‘ it using a wide range of variable amplitude signals. -
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FIG, 1 SEQUENCE OF ANALYSIS OF AE SIGNALS 
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