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AN ENERGY CALIBRATION SCHEME FOR ACOµSTIC EMISSION 

By 

R. o. Adams and c. R. Heiple 

INTRODUCTION 

Acoustic emission generated during deformation of materials 

is g~nerally divided into continuous arid burst-type emis~ion. 

Continuous emission is detected as ·an increase in the noise 

level of the system monitoring the emission.· This indicates 

· that the waves from individual events are small and are 

superimposed on each other due to a rapid rate of occurrence. 

The transient elastic waves corresponding to burst emission 

are large en6µgh and sufficiently separated in time that 

individual events can be detected. 

It is reasonable to expect that the average energy of emis~ion 

bursts from different types of sources within a material will 

generally differ. A distinction between. different mechanisms 

may then be made on the basis of the energy of the observed 

bursts. Thus, for materials which exhibit burst emission, 

appropriate measures of acoustic emission are the burst rate 

and energy per burst, as a function of strain and/or other 

material or testing variables. 
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Commercial acoustic emission equipment is available with 

which the burst rate and a measure of the average energy 

per burst· can be obtained. The energy measurement, however, 

.is only relative and depends on syst~m gain, the transducer 

. used, specimen geomet~y, transducer location, and other. 

variables. The calibration techniq~e described below is an 

attempt to determine the actual energy.release from the 

events causing emission bursts in beryllium and to 

·quantitatively evaluate the effects of specimen geometry on 

the apparent energy per burst. 

EXPERIMENTAL 

The acoustic emission system used was made from Dunegan 

Endevco (D/E} modules. The output from a D/E Sl40 transducer 

was fed thr:ough a Model 802P preamplifier and two Model 301 

totalizers with a freq~ency,bandpass of 100-300 KHz. Total 

gain of the system was 85db. ·A D/E Energy Module was used to 

obtain a measure of the average energy per burst. This device 

squares the RF signal from· a burst, .and feeds the squared 

·signal to a voltage controlied oscillator. The number of 

counts from the oscillator.during the burst is then proportional 

to the .true-mean-square voltage of the signal. One count 

output from the energy module will be referred to subsequently 

as one relative energy unit {R.E.U.). 
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The calibration procedure consisted of mounting the transducer 

on a beryllium tensile bar or compression sample in the same 

way it would be mounted for measurement of acoustic emission 

during a mechanical test. (The transducer is mounted on the 

gage section of a tensile bar.) A drop of O. 25% HF-water 

solution was placed on the surface opposite the transduce~. 

The bubbles formed by reaction of the acid with the beryllium · 

were observed with a microscope and the diameter of the 

bubbles estimated just prior.to their bursting. The bubble 

bursts are readily detected by the acoustic emission equipment, 

and the "energy" measured for the bursting of a bubble is 

recorded along with its size. A large number of very small 

. bubbles are generated when the acid first contacts the beryllium, 

but as the acid is diluted by reaction with the metal the 

bubbles become larger and can be measured individually as they 

bur.st. The energy of the bubble bursting is then calculated· 

from the surf ace energy and the (hemispherical) surface area 

of the bubble, 2 ·The surf ace energy ES was taken E = 1/211" E5 • 
B 

to .be equal to that of water, 142 ergs/cm 
2 . 

A literature . 
failed to locat~ any measured surface tensions or surface 

energies for dilute hydrofluoric acid solutions. A simple 

capillary rise test showed no difference.between water and 

search 

dilute HF-water solution, so any difference in surface tension 

is small. 
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RE;SULTS AND DISCUSSION 

The results of representative determin.ations of the· absolute · 

magnitude of a relative energy unit fo~ the acoustic emission. 

system described above are given in Table I. The te~sile bar 

was a flat, pin-loaded type made from· ingot sheet beryllium 

with a gage length 2.9cm iong, O.Scrn wide, and 0.23crn ~hick. 

Similar results were obtained with a powder source beryllium 

tensile bar with a gage. length 2.Scm.long, O.Scm·wide, and 

0~25cm thick. The compression sample was of powder source 

beryllium and was 3.8cm long with a square cross section l.3cm 

~ide. The transducer output ~esulting from an emission· event 

during deformation and from a bubble bursting are similar. 

Typical waveforms for an acoustic emission burst from a 

beryllium tensile bar during deformation and from.a bubble 

bursting are shown in Figures 1 and 2 • 

. ··.·: .. . · 
One particularly useful feature, illustrated in Table I, 1.of 

this simple calibration technique i? that it allows a straight-

forward evaluation of the effect .of changes in specimen geometry 

or other experimental variables on the apparent energy release 

from an emission event. For example, the ap~arent energy of a 

bubble bursting on the compression sample was 1/9~ that of the 
i 

same bubble bursting on a tensile bar. Thus one would predict 

that, if the emission ~echanisms were the same, the mea~ured 

energy per burst during deformation of this tensile bar would be 

9 times greater than for the compression sample, which is what 

was observed· experimentally. 
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Bubble 
Diameter 

.10 

.13 

.13 

• 15 

: .15 

.15 

.15 

.15 

.18 

.18 

.18 

.18 

.25 

.38 

.• 13 

.13 

.13 

.13 

.• 13 

.15 

.15 

.18 

.18 

.l~ 

TABLE I 

Measurements of Bubble Burst Energies 

· A Tensile Bar 

Energy Surf ace Energy 
(mm) (R.E.U.) (ergs) 

27 .023 

75 .036 

73 .036 

78 . .052 

53 .052 

78 .052· 

64 .052 

64 .052 

61 .072 

77 .072 

82 .072 

69 .072 

160 .144 

350 .324 

Avg.: 1 R.E.U. 4 10~4 . 
= 8. x · · ergs 

/. sta •. Devi.~ti6~ - 2 x lo-:- 4 ergs 

B Compres pion Sample 

3 .036 

6 .036 

3 .036 

6 .036 

4 .036 

16 " • 0 52 

6 .052 

9 .072 

11 .072 

I 
13 .072 -3 

Avg: 1 R.E.U. = 6.5 x 10 ergs 
Std. Deviation = 3 x lo- 3 ergs 

·1 

l 

l 
~ 
1; 
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Two major questions regarding the validity of the calibration 

are apparent. First, the fraction of the energy released by 

a bubble burst which is actually transmitted into the sample 

is unknown. Second, it is not known how similar the elastic 

wave generated by a bubble burst is to that generated by a 

re·a1 emission event in the sample. The consequence of the 

first question is that the 'energy release attributed to an 

emission event using this calibration is a lower-bound for 

~he actual energy release, since the calibration assumes all 

the bubble burst energy·is released into the metal. The 

consequences of the second question are less c~rtain, ~ut· 

the response of the transducer is likely to be reasonat1y 

similar for both waveforms. 

~he calibration.may be tested by evaluating th~ energies 

involved in experiments. The measured stress and acoustic 

emission activity versus strain are pl6tted for a powder 

source beryllium tensile bar irt Figure ·3. The total work of 

plastic deformation for three different plastic strains as 

indicated in Figure 3 was calculated. (Plastic work left in 
-~.,. 

the sample in the form of structural c hange was ignored.) 

The total energy released by events producing acoustic emission 

bursts was calculated for the same three strains by mult~plying 

the average energy per burst (6 REU) by 8.5 x lo-:- 5 ergs/REU by 

the total number of bursts occurring up to the indicated plastic 

strain. The results· are presented in Table II. 
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TABLE II 

Comparison of Plastic Work Performed on Tensile Bar and 

Energy of Emission Events 

Plastic· Strain Work Total Bursts Total·Burst 
(pct.) (ergs) (l\.vg. E/B=:6 R.E.U.) Energy ('ergs)· 

0 - 0.27 1.8 x 106 . 883,000 4.2 x 103 

0 - 0.1 7.1 x 10 5 680,000 3.3 x 10 3 

0 - 0.04 2.9 x 10 5 445 ,·0·0·0 2/;. x 10 3 

Emission/ 
Work 

(pct.) 

0.2 

0.5 

0.7 
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They indicate that, for this beryllium sample, the energy 

released by mechanisms producing acoustic emis~ion represents 

approximately 1% of the plastic work being performed on the 

sample in the regions of maximum acoustic emission activity 

per unit plastic strain. Other beryllium samples have been 

measured where the maximum burst rate was 2-3 times larger 

than that of the sa~ple shown in Figure 3, so up to 

approximately 2.5% of the plastic work may be converted to 

acoustic emission activity. This result is in agreement 

with the other estimate of this fraction by Gillis and Hamstad 

who estimated it to be up to the order of 1%. 

The acoustic-~mis~ion· bursts from the plastic strain ra1ge 

of 0 to 0.2 percent in beryllium have been shown to be.from 

coordinated dislocation breakaway, as proposed by James and 

Carpenter. Since the energy release from a typical burst 

calculated on the basis of our calibration corresponds to 

-3 5 x 10 ergs, it is reasonable to evaluate what seal~ of 

dislocation activity is required to generate such an energy 

release. It is unclear precisely how to perform such a. 

calculation, in part because it is unknown whether the elastic 

wave ~s generaged by the breakaway (or dislocation generation} 

process, by the interaction of the moving dislocations with 

the lattice after breakaway, or. by an annihilation process. 
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If the energy release is derived from an annihilation process, 

an estimate of the length of dislocation line involved can be 

obtained from the self energy, W, of a (screw) dislocation. 

·line, given by 

w ~n 

µ is the shear modulus, b is the Burger's vector, r 1 and r
0 

are the outer and inner radii of the cylinder over which the 

elastic energy is being calculated. Taking r 1 to be the order 

of a grain diameter (2 x l0- 3cm), r -10-7 cm, µ = 15 x 1011 
0 

dynes/cm2 , and b = 2.3 x l0- 8cm, then W - 6 x 10-4 e~gs/cm. 
-3 The length of line having an energy of 5 x 10 . ergs is then 

-!Dem. The dislocation density in the beryllium tested is of 

the order of 5 x l0 8/cm2 , and the grain size is 19 µm. A 

-9 3 
typical grain will therefore have a volume of oroer ·5 x 10 cm. , 

so the· dislocations contained in 100 grains would have to be 

annihilated to produce a 5 x ·10-2 erg burst. 

An alternate approach is to assume that the work done in moving 

dislocations through the lattice against the viscous drag 

(primarily from phonon viscosity and phonon scattering) results 

in a stress wave which is detected as an acoustic emission burst. 

The viscous drag coefficient B has not been measured for beryllium, 

so a value of 5 x 10-4 dyne sec/cm2 will be assumed. This value 

is a rough average fo_r other metals.. (Ref·) 
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The velocity v attained by the dislocations is· given by 

v = Tb/B, where T is the applied shear- stress and b is the 

-8 burger's vector (2.3 x 10 cm). The Schmid factor for a 

random polycrystal is roughly 3, so for an applied tensile 

··stress of 30 KSI *2 .1 x 109 dynes/cm2), the average. shea_r 

. . a I 2 stress for a random polycrystal 1$ 7 _x 10 dynes cm , 
. . 4 . 

resulting in an average velocity of 3 c 10. cm/sec. If the 

average distance traveled is roughly the grain diameter 

(2 x l0-3cm) , then the time over which the stress wave is 

generated ~ould be of order 0.1 µsec, which is physically 

reaso~able. The work done against the viscous drag would 

be (Tb) (2 x l0- 3cm) i, where i is the l~ngth of dislocation 

line involved. Setting_ the work equal to 5 x l0- 3ergs, the. 

required length of moving dislocation line is .15cm, or the 

total dislocation content of 1-2 grains moving nearly 

simultaneously. This is a physically reasonable volume over. 

which one could envision nearly simultaneous dislocation 

breakaway (or generation} and motion. 

Calculation of the possible energy release for the breakaway 

process it~elf is a very difficult·problem which depends upon 

·pim distributions and loop lengths, which are not known for 

beryllium. ·such a calculation will not be attempted here. 
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CONCLUSIONS 

A simple calibration technique proposed to estimate the 

actual energy release from acoustic emission events in a 

material involves measuring with an acoustic emission system 

the energy from the bursting of bubbles formed by the reaction 

of an ·acid with the.material. The energy released by.the 

bursting bubbles is then calculated, and the relative energy 

·measurements of the ac·oustic emis.sion system are thereby 

calibrated. The fraction of the plastic work done on 

beryllium sampfes which is released as detectable acoustic 

emissions can be calculated using this calibration and is 

physically reasonable (less than 3 ·percent). The exten~ of 

dislocatiori activity required to generate a typical acoustic 

emission burst in beryllium is also physically reasonable . 

. The technique· may also be used to evaluate. the effect of· 

specimen geometry and other testing variables on the apparent 

energy of .the acoustic emissiuu bursts~ 
. / 

M. V~ Zemanssky, "Heat & Thermodynamics."· Fourth ed., .1957, 
McGraw-Hill, New York, p. 292. 
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Figure 1. Typic a l waveform for an acoustic emission burst 
from a beryllium tensile bar. 
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Figure 2. Typical waveform for an acoustic emission burst 
from a bl.1rsting bubble. 
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Figure 3. Typical acoustic emission activity and stress 
as a function of· strain for a beryllium tensile 
bar. I .. 
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