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Abstract 

We propose a new sensor testing technique, which may be a good candidate for the abso-
lute sensor calibration, for the routine laboratory and in-field sensor response checking and for 
selecting the sensors with similar responses for AE source location problems. We suggest util-
izing the energy of the high power electromagnetic field in a coaxial transfer line with a specific 
geometry to excite a mechanical wave at the surface of a conducting media. Theoretical model-
ing approach is discussed and the experimental validation of the proposed method is presented. 
Advantages of this method are as follows: i) the extremely high stability of the elastic wave at 
the epicentral point where the AE sensor is attached; ii) the field of mechanical displacements 
produced by the magnetic field pressure is computable as a function of time with an aid of fi-
nite element method; iii) dimensions are small, installation is easy and convenient both for the 
academic laboratory experiments and for the everyday NDT practice; iv) low cost and simple 
maintenance. 
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AE Calibration - Background 

 
Various methods of excitation of acoustic pulses in solids are known for absolute calibration 

of acoustic emission (AE) transducers [1]. The sensor response on the external influence is usu-
ally represented as a convolution integral in time domain: 

                                                                (1) 

where f(t) is an external exciting function such as the velocity of surface displacement, u(t) is the 
sensor output voltage and  G is the characteristic sensor function (Green function). Fourier trans-
form of eq. (1) yields: 

                                                                          (2) 
 

The purpose of any calibration technique is finding the Green function G(t) or its Fourier 
transform Gω(ω). It is apparent that for this purpose one needs to know the exciting function and 
the sensor response. Following eqs. (1) and (2), the closer the exciting function to the δ-function 
the easier the absolute sensor calibration, i.e., fω = 1 and Gω = uω. Thus, the AE sensor response 
is directly determined from its response to the influence from a short surface displacement. Ac-
cording to ASTM Standard E1106-86 (2002) used for the primary calibration of AE sensors in 
worldwide AE practice, the rise time of the of the step function source should not exceed 0.1 µs, 
which is obtained during glass-capillary breaking on a massive transfer block. Since most com-
mercially available AE transducers have a frequency band from tens kHz to a few MHz, it is  
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obvious that the calibrating AE source with 0.1 µs duration can be approximated by a δ-function 
indeed with an affordable accuracy.  

 
Short calibrating pulses of elastic waves on a surface of a test block can be produced, for ex-

ample, by 0.5-mm pencil-lead break (ASTM E976) [2] or glass-capillary break (ASTM E1106-
86) [3]. The major problem, which most researchers and engineers experience with this type of 
step source, is a poor reproducibility of amplitude and spectral characteristics of exciting pulse. 
This must be controlled every time by, for example, independent “ideal” reference sensor of a 
capacitive type or by a laser interferometer if the absolute sensor calibration is the primary goal. 
This makes it virtually impossible to use this method for practical and laboratory calibration of 
the whole AE system involving an actual object under control, AE sensor coupled with the sur-
face, analog electronics and digital recording circuits.  

 
The use of short laser-pulse irradiation for excitation of thermo-elastic waves on the surface 

of a test block for AE transducer calibration is popular [4]. During the influence of the laser irra-
diation the surface heating occurs and thermo-elastic stresses arise leading to excitation of elastic 
waves with a rather short rise time. The duration of the elastic pulse decay depends largely on the 
linear thermal expansion of a solid. Of course, in most materials the duration of the elastic pulse 
decay may considerably, by orders of magnitude, exceed the duration of the laser pulse. This in-
evitably reduces the accuracy of sensor calibration. Besides, the effectiveness of the energy utili-
zation in this way is quite low due to considerable losses on every stage of multi-step process of 
energy conversion into laser irradiation followed by the thermal energy of the radiated solid and 
then to the elastic energy of the acoustic wave. Thirdly, the appropriate laser equipment is costly 
and spacious. Furthermore, the laser equipment is very sensitive to external conditions and me-
chanical vibration, which limits its applicability to academic laboratories primarily. In other 
words it is practically impossible to use laser excitation for everyday practice of non-destructive 
integrity testing and health monitoring of large scale facilities and machinery. 

 
Many other methods, such as those using white-noise calibration signal produced by a gas jet 

[5], generation of elastic waves in solids by a broadband piezoelectric transducer [6], and recip-
rocity techniques [7], do not use a pulsed influence of the test object. Therefore, they represent a 
group of alternative calibrating measures.  Since our proposed method is based in the excitation 
of the conducting surface by a magnetic force during a short time, we shall not review other 
methods here leaving the references above for reader’s attention.  
 
Proposed Electromagentic Method of AE Sensor/System Calibration - Theoretical Model 

In the present work, we introduce a novel approach [8] towards absolute calibration of AE 
transducers and a whole AE setup by creating an impulse of mechanical surface displacement 
with the characteristic duration of the elastic pulse acceptable in the standard AE calibration 
techniques, i.e., not greater than 100 ns.   
 

The idea of our current approach is to utilize the energy of powerful magnetic field to gener-
ate the mechanical wave at the surface of a conducting media as illustrated schematically in Fig. 
1. When the electromagnetic wave produced by an electric pulse generator leaves the transfer 
line and enters the conducting surface of the load (head), the electric field component E, which is 
parallel to the surface, creates the electric currents with the density  
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Fig. 1. Schematics of AE sensor calibration using surface displacements caused by magnetic 
field pressure. 

  (3) 

where σ is the specific conductivity of the material of the head. Due to the magnetic component 
of the field  interacting with electric current  the Ampere force is created as 
  (4) 

where F is absolute value of the force acting on the unit area of the surface and oriented perpen-
dicular to vectors j and H, i.e., normal to the surface, µ  is the relative permeability and µ0   is the 
magnetic permeability of free space. The pressure of the wave is, therefore,   

  (5) 

where х is the axis along which the force is acting and  is the average per period T of the wave 
force F:  

  (6)
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Fig. 2. Geometry and schematic illustration of 
the model used for calculation of elastic dis-

placements created by magnetic field pressure 
at the plane z = 0.  

  
 
 The pressure pulse of the electromagnetic wave creates a pulsed elastic (acoustic) wave in the 
given conducting head, which can be used for sensor testing and calibration, provided the dura-
tion of the pulse is short enough and the amplitude of the surface displacement at epicenter is 
high enough. . 
 
 To estimate the feasibility of the proposed scheme let us make some elementary estimates 
first before the full scale 3D-modeling will be implemented to evaluate the required electric 
characteristics of pulse generator and select the materials for the transfer line and the head. Let 
us consider a problem in the coaxial symmetric geometry shown in Fig. 2.  The high-voltage 
RCL circuit is shorted by a low ohmic load, which is designed as a coaxial transfer line connect-
ing with a metallic head. The testing sensor is supposed be mounted to the head at plane z = 0.  
Suppose the capacitor is pre-charged to a few kV and then discharges quickly through the LR 
circuit to produce a short, 10-40 ns, electric pulse of 1-10 kA passing through the conducting cyl-
inder.  Consider two conducting coaxial cylinders of the length l and radius r1 and r2, respec-
tively, as in the geometry shown in Fig. 2. The inductance of such a system can be written as: 

 
                                                                (7) 

When the electric current I flows through the circuit, the energy W of the magnetic field is: 

                                                                         (8) 

Assume  (plane geometry approximation). Hence, taking µ = 1 we obtain: 

                                                                        (9) 

The magnitude of the repealing force F between the conductors is given by definition as 
. Taking the surface area  and pressure  we obtain:
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                                                                     (10) 

If c is the velocity of sound and τ is the duration of the acoustic pulse, the wavelength is . 
Thus, the elastic energy density WE = P2/2E (where E is the Young’s modulus of the material) 
emitted from the area  is expressed as: 

                                                                       (11) 

Neglecting attenuation, the density of elastic energy in a wave emitted into a semi-sphere will 
decrease with the distance r from the source as: 

                                           (12) 

 
 Taking for estimates µ0 = 4π × 10-7 H/m, E = 2 x 1011 Pa (typical for steel), I = 1 kA, r1 = 0.15 
mm we estimate the pressure value P ≈ 6 bar, and the elastic strain ε ≈ 6 × 10-6. If the current 
pulse duration is 40 ns and the velocity of sound с = 5 × 106 mm/s, λ = 0.2 mm, the displacement 
in the elastic wave is estimated as δ  = ε λ ≈ 10 Å, which suffices for most practical needs of AE 
sensor calibration.  This elementary estimate suggests that an excitation of elastic waves in the 
body of the conducting solid is feasible with a short pulse from the strong magnetic field.  

 To model the behavior of the elastic wave quantitatively, the system of governing equations 
including Maxwell equations for electric and magnetic vectors E and H, respectively, heat trans-
fer equation accounting for the Joule heating, and the Lamé equation for the mechanical dis-
placement in the isotropic approximation with account for linear thermal expansion and Lorentz 
force takes a form: 

 

        (13)        

Here, G is the shear modulus, K is the bulk modulus, ν is the Poisson ratio, εij are the strain ten-
sor components, Ur, Uz are the displacement vector components, k is the heat conductivity coef-
ficient, is the specific heat capacity, ρ is the electrical resistance, αT is the linear thermal ex-
pansion coefficient and  is the Lamé constant. Using Rayleigh damping, which is commonly 
used to provide a source of energy dissipation in analyses of structures responding to dynamic 
loads and having in cylindrical coordinates "r# ϕ# z$% H = {0, Hϕ, 0}, Е = {Er, 0, Ez} and 
U = {Ur, 0, Uz} from the symmetry, equations (9) were solved with obvious initial conditions: 
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  (13) 

The boundary conditions for temperature, components of electric and magnetic fields and their 
gradients were set depending on the desired geometry of the coaxial load as follows. 

The boundary conditions for : 

 (14) 

The boundary conditions for T: 

  (15) 

The boundary conditions for on all coaxial surfaces: 

  (16) 

Here σr, σϕ and σz are normal components of the stress tensor. Due to the symmetry, the bound-
ary conditions on z-axis take a form 

  (17) 

Apparently, the system of equations (9) should be completed with the following ordinary electric 
equations for the external circuit: 

                                                              (18) 

with initial conditions  U(0) = Uo, I(0) = 0.  
 
 The problem was solved numerically by finite element method using the second-order La-
grange polynomial as local approximating functions.  Taking copper as a coaxial material the 
results of calculations are shown in Fig. 3.  Maximum electric current has reached the amplitude 
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of 10.46 kA while the duration of the current pulse at base was of 52 ns. Excited longitudinal ul-
trasonic wave reached the surface of the head at the epicenter (r = 0, z = 0) at t = 708 ns with the 
displacement amplitude of 102.68Å. The obtained elastic wave pulse has the duration of 44 ns at 
base. The temperature at the surface of the central coaxial line has reached 356.48K. The ulti-
mate displacement in radial direction in the coaxial line was found to be Ur = 536Å, and the 
maximum radial displacement at the point (r = 0, z = z0) was equal to Uz = 615Å. The calculated 
shape of the propagating wave front is illustrated in Fig. 1 and in more detail is Fig. 4.  

 
Fig. 3. Vc : Voltage drop at capacitor (5.0±0.285 kV), I : total electric current in the circuit  
(10.462±0.607 kA), T : maximum temperature in the external surface of the central coaxial wire 
(356.48 ~ 300 K), U(0,0): amplitude of the elastic surface displacement at point r = 0, z = 0 
(102.68±2.7 Å).  
 

  

 

 

 

 

 

 

Fig. 4. Shapes of the elastic waves emitted 
from the tip of the shorted coaxial line and 
propagating towards the external surface: re-
sults of numerical modeling. 
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Calculations have shown that in order to create a short 40-50 ns ultrasound pulse with ampli-
tude of 100Å in copper sample, one has to ensure a point source of acoustic excitation at  (r = 0, 
z = z0). For a given geometry of a coaxial line this was achieved by reduction of the central coax-
ial wire radius to 0.1 mm. Three different geometries of a coaxial line were considered for mod-
eling as illustrated in Fig. 5.   As an example, the calculated displacement at the sensor location 
(z = 0) excited by a high-power electric pulse flowing through the coaxial geometry shown in Fig. 
5B with different values of the radius of curvature r0 of the central coaxial wire are shown in Fig. 
6. One can see that reducing r0 gives rise to a sharper main acoustic response: the amplitude of 
the pulse increases while its width reduces. Eventually, the variant B had been shown inappro-
priate to meet the point source requirements and was ruled out.  The variants A and C show simi-
lar performance and we have chosen the variant C for technological reasons.  

 

Fig. 5. Coaxial geometries used in modeling. 

 
Fig. 6. Calculated surface displacements at the sensor location (z = 0) excited by a high-power 
electric pulse flowing through the coaxial geometry shown in Fig. 5B with different values of the 
radius of curvature of the central coaxial wire. 
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Proposed Method of AE Sensor/System Calibration - Implementation 
 

Since the elementary estimates and the 3D modeling have convincingly shown the feasibility 
to propose a new method for AE sensor calibration, the prototype device has been designed at 
Microsensors AE, Ltd. (Russia) as shown in Fig. 7. A high voltage unit, discharge capacitor and 
loading coaxial line are assembled together inside the metallic cylindrical body.  
 

 
Fig. 7. A view of the AE calibrating head and the control unit MSAE-UCA-01. 

 

 
Fig. 8. Surface displacement as a function of time measured by a high-speed interferometer on 

the contact surface of the calibrator MSAE-UCA-01.  
 

The data on surface mechanical displacement occurring as a result of capacitor discharge 
were obtained by means of a high-speed laser interferometer and stored as a reference, giving the 
estimate of the exciting (source) function f(t), eqs. (1) and (2). The interferometric measurements 
showed that the duration of the mechanical displacement exciting the elastic waves on the con-
tact surface does not exceed 100 ns indeed while the displacement amplitude can possibly reach 
10 Å in a good agreement with calculations. For practical purposes the smaller exciting pulse 
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Fig. 9. Example of an AE sensor calibration report generated by the CalibrTM software. 

 
amplitude can be used for example as shown in Fig. 8 with the amplitude of 40 pm. The slowly 
varying vibrations associated with the present design of the calibrating head have low frequency 
part that neither causes any notable excitation of the sensor nor causes any essential error in 
evaluation of the sensor response.  The high-voltage capacitor discharge can be externally trig-
gered by a standard TTL signal or manually or internally with 10 Hz frequency of pulse repeti-
tion. The calibrating sensor is placed on top of the head (the coaxial surface). The signal from the 
sensor is amplified with a wideband amplifier and transferred to a digital oscilloscope, as shown 
in Fig. 1 or to an analog-to-digital converter in a PC. The sensor response is obtained using 
MSEA-CalibrTM software generating report automatically, using the stored reference interfer-
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ometric data, and applying Fourier transform and smoothing procedures (the moving average 
procedure with 20 kHz window is implemented in the current version). Excellent reproducibility 
of the exciting force and mechanical displacement at the point of calibration has been observed 
with the variance of less than 1% in a series of 100 measurements.  The report sheet is illustrated 
in Fig. 9 and examples of calibration results for the NF Electronics sensor AE-900S-WB and the 
MSAE-1300WB wide-band sensor are shown in Fig. 10.     
 

 
Fig. 10. Examples of calibration curves obtained for two types of wide-band AE sensors, NF 

AE900S-WB and  MSAE-1300WB.  
 
Conclusions 

 
The proposed method meets high metrological requirements for primary calibration, testing 

selection of sets of AE sensors with similar response or for calibration of a whole AE setup. 
Testing procedure agree with the ASTM E1106-86 (2002) and E976-00 (2000) standards for 
primary calibration of AE sensors and reproducibility of AE sensor response. The method is fea-
tured by excellent reproducibility of exciting surface sources of elastic waves.  
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Hence, the distinct features and advantages of this method can be summarized as follows:  
i) The stability of the elastic wave at the epicentral point where the AE sensor is to be at-

tached has been proven extremely high. Therefore, the pulse response function of the sensor or 
the whole experimental setup can be obtained in-situ, provided the surface displacement as 
function of time due to the magnetic pressure force is known;  

ii) The mechanical displacement field produced by the magnetic field pressure is comput-
able with an aid of finite element method and is in agreement with experiments;  

iii) Low dimensions, weight and power consumption, easy installation operation and main-
tenance.  

 
Overall, all these features make the proposed method convenient and useful for both the 

academic laboratory experiments and for everyday NDT practice in field.  Furthermore, the 
purposed technique can be potentially expanded for in-situ sound velocity measurements, which 
is promising for enhanced accuracy of the AE source location. The quantitative comparison of 
the proposed method with other ASTM approved methods of primary sensor calibration has yet 
to be done.   
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