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Abstract — The article discusses the measurement of surfagdectromagnet) and source of dynamic electromagfietd

displacement of an electrically conductive solidtenal.

Deflection is excited by electro-magneto-acoustnsducer
(hereinafter referred to as EMAT). Measuremeneglized
by laser interferometer. In our research the peesigface

displacement measurement is necessary for two measowhen the ferromagnetic or

(linear coil). Mechanical force field arises as esuit of
interaction of the first two fields in the solid tedal, which
is located under the EMAT. The function principletbe
transmitting part, which is devoted to this test,different
non-magnetic electrically

First is EMAT transducer numerical model convergenc conductive material is used. In the first case abgon of

verification, second is the experimental optimiaatiof
EMAT transducer parameters such as sensitivitgjueacy
and direction characteristics. Used laser interferter
allows the accurate assessment of surface disptateima
relatively small item, which gives an advantagerovging
piezoelectric acoustic emission sensors that anéell by
aperture effect at small wavelengths. In addititaser
interferometer is capable of surface displacemerdsuring
directly under the EMAT device, which is very diffilt
with using other methods.

Keywords. EMAT transducer, laser interferometer,

surface displacement
1. INTRODUCTION
EMAT is a device designed to generating and sensing

acoustic emission signal. Its principle (as showfigure 1)
is based on the mutual interaction of static magnet

dynamic electric and magnetic and dynamic mechéanica meander line coil

fields [1].
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Fig. 1. Basic principle of EMAT [1], [6]

Transmitting and receiving part of the EMAT consisf a
static magnetic field source (permanent
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magne

force is realized by alternating component of
magnetostrictive force [1]. In the second casechilig used

in a practical experiment, the action of force asgequence
of the eddy currents induced in the material asultef coil
dynamic magnetic field and static magnetic field of
permanent magnet interaction. The resulting voldoree

[2] (Lorentz force) causes the creation of timeiaale
mechanical stress in the immediate distance ofrthterial
surface and the associated distortion of the serfRart of
the power of action energy propagates further itere by
means of elastic waves. Direction and type of iElagaves

is dependent on the arrangement of described piysic
fields. For practical experiment is chosen Rayleigéve
EMAT type shown in Figure 2 [1].
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Fig. 2. Rayleigh wave EMAT type [1]

The main advantages of EMAT are the ability of
noncontacting generation and sensing of acoustisséon
signal and better shape of frequency response aeahpa
with piezoelectric generators. The main disadvamiagyery
low sensitivity. Increase of sensitivity with redato the
appropriate frequency response and direction ctexistics
is the primary concern of our research. This caadigeved
by combining the two processes. The first is thenerical
model, which includes the calculation of elastiditpctions
[2]. Vertical displacement of the solid materialrfage is
tc’)nly one of these functions, which can be expertalgn
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verified. To verify the convergence of calculatedi@en of are shown in figure 4 and photos of basic EMAT type
force is necessary to measure the displacementtlgire shown in figure 5.
under the EMAT and further in defined distance frtm

EMAT to verify the convergence of the elastic wave 5 5
propagation calculation. With using of precise aoef permanent magnet
displacement measurement it is possible to reatime I Y

experimental optimization of above-mentioned EMAT : : :
parameters. Due to the lack of EMAT parameters meander lin coil ® @ ® @ It
presentation it was necessary to measure the normal ) )

displacement generated by EMAT with using piezdeiec conducting material _

acoustic emission sensor UT1000 (Physical Acoustic Fig- 3. Modification of Rayleigh wave type of EMAT
Corporation). Given the value of the UT1000 sewigjtiat
chosen frequency [3] was calculated the presumptive
displacement value at a distance of approximatély rhm
from the EMAT in range of tens of picometers. TVadue is

just above the resolution level of the used laser
interferometer Polytec OFV-505.

2. PRACTICAL EXPERIMENT

There was designed an EMAT modification (Figure 3)
for the practical experiment, which allows the aogg
displacement measurement directly under the EMAG. T
evaluate the displacement at a greater distancasésl
typical EMAT design (Figure 2). For measuring and
displacement to voltage signal transforming theedas
interferometer Polytec OFV-505 with the evaluationit
OFV-5000 is used. Measurements carried out on aldur
sample.

Fig. 5. Photos of designed basic EMAT type

; e Principal scheme of basic EMAT type is shown inurég
2.1. Design of EMAT transmitting part e ; . ; .

. g ' _g P . .2. Modified type of EMAT is used in version 1 ofagtical
A pair of permanent neodymium magnets is the staligy eriment, basic type of EMAT is used in versiorof2

magnetic field source for displacement measuremeny, tica| experiment. Description of the parametdrboth
directly under the EMAT. A couple of permanent meign implementations is given in Table 1
in the selected arrangement has proved as thecheite, '

Compa.r.ed to idgntically magrllet.ized a,anIar maghewed Table 1. Used EMAT parameters and tested majemigerties.
a significantly higher magnetic induction componeatmal

to the tested sample surface and thus a higheiesfly of ENMAT —
transmitting EMAT. type | Description
For surface displacement measurement in defingd 1 application: displacement measurement under cgil
distance from EMAT is used single permanent magneft.(modif.) | magnet: 2xNdFeB magnet (38x15x20mm),
Linear coil for both measurements is of meanderetyp B=1,38 T, H =876 KA/m
whereas the winding span is chosen on the bagmlbfof coil: material: copper, span: 2,945mm,
acoustic wavelengthg [1] derived from the frequendyof number of bundie: 10, number of conduator|i
power signal according to (1). bundle: 10, diameter of conductor: 0,1mm,
length of meander: 28mm
1 = 087+ 112u E 1) 2 application: displacement measurement in 100mm
R~ f(1+,u) 2,0(1"'/1) (basic) distance from coil
magnet: 1XxNdFeB magnet (38x15x20mm),
wherey is Poisson ratiok is modulus of elasticity and B=1,38 T, H =876 KA/m
p is testing sample density. Material properties used coil: material: copper, span: 2,945mm,
tested material are described in table 1. Initiatypsen for number of bundle: 10, number of conduator|i
the frequency of 500 kHz is appropriate 5,89 mn bundle: 10, diameter of conductor: 0,1mm,
wavelength in dural sample [4]. On the basis ofeobation length of meander: 28mm
[5] is used the proportionality of induced electaiive Tested | material: dural
voltage on time-variable coupled magnetic flux [@jd | SPecimen dimensions: 260mm, 430mm 6mm
linear coil is made by several threads of coppee wiith a | P'OPE"I€S  Poisson ratio: 0,34
diameter of 0.1 mm. The resulting structure is il modulus of elasticity: 72.16 MPa
shown in Figure 3. Photos of designed modified EMpJe density: 2700kg.n?

1435



2.2. Laser interferometer description under the EMAT. Used type of EMAT is described in

Laser vibrometer OFV-5000 measures displacement arfdgure 3 and 4. For the evaluation of measuremestlts
velocity. It has customised several decoders fois ththe oscilloscope Agilent 54622D is used, the fuoreti
problem. In our experiment is elected auxiliaryatter DD- ~ 9€nerator Agilent 33220A driven by program in LaBW
300, which measures displacement in 50 kHz to 2mHg£nvironment is used like source of exciting signal.
frequency band. Range restriction of + 75nm is igige  According to supposed generation of standing wivesed
considering the presumptive surface displacemetitariens {emporary exciting signal. Standard exciting sigriaf
of picometers. The level of noise in the rangeeissithan @COUStiC emission sensors calibration is harmouisepwith

0.05 pm/\/m, implying noise effective value of about sine _square envglope. Op_en circuit signal generator
25pm in the 50 kHz to 2MHz frequency band. The roest amplitude is 10V with output impedance of(0length of

value of the input noise is shown in Figure 6. harmonic pulse is 1Q& with frequency 500 kHz. For
measuring of exciting signal the AC current prolakifonix
X [pm] P6022 with sensitivity 1mWnA is used. As mentioned in
100 Section 2.1, meander linear coil is wound of the te
50 conductors and hence the mean meander span vahgt is
0 exactly 2,945mm.
-50 Displacement
100 tus] Sensar head decoder
0 2 4 6 8 10 At J0dBE Scope
oo
Fig. 6. Input noise of laser interferometer i I>
L
Laser interferometer resolution is for used bandn2/ i Current
with a maximum additional error +0.5/-1dB. MeasurRdS | probe
of noise is approximately 25 picometers. |
PP yep | EMAT
| .
2.3 Electric properties of designed EMAT ! ;WB 1 JBenerator L oy abview
Meander line coil impedance is important paramete H,.I:L,,
I|m|t'|ng EIV.IAT. a.coust|c' wave generator. Simplified salid material (dural)
equivalent circuit diagram is shown in figure 7.
R L
O—4—"C—"3—""""—20 Fig. 9. Version 1 of practical experiment
|pj
_ _ L In the experiment version 2 is used EMAT in the
Fig. 7. EMAT equivalent circuit diagram implementation from Figure 2 and 5. Measured

_ _ o _ displacement is the result of Rayleigh elastic wave
Dominant part of equivalent circuit diagram impec&n propagating close to material surface. Version 2 of

is inductivity. Inductivity is proportional to letiy of  experiment is graphically illustrated in Figure 10.
meander and number of windings. Decreasing of itidtyc

is caused by eddy currents inducted in tested mhterd in )
permanent magnet. EMAT impedance modulus dependenSapsar head — CiSplacement

on frequency is shown in figure 8. decoder
A 30dB Scope
iy
v |
lTl Current
f[kHz] ! prabe
0 500 1000 1500 2000 |
, .
Fig. 8. EMAT equivalent circuit diagram : P+ Lab%iew
! EMAT |
500 kHz frequency impedance value is approximatel ' defined distance type <
40Q. According to generator output impedance the ss@gpo : 100 OGeneratur

supply current on 500 kHz frequency should has bee
moving around 110mA. Measured EMAT paramenters ar
R=17,8, C=7,6nF and L=10/H.

1 [WT=TaTx]

solid material {(dural)

. - Fig. 10. Version 2 of practical experiment
2.3. Experiment description '9 ! pract xpert

As it was mentioned-above the experiment is divided |n both experiment versions is the head of the arens
into two parts. The first is displacement measudirgctly  attached to the robust construction. Dural platedsated at
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the construction, so there is no mutual moving ketw laser interferometer reaches maximal value of 29phere
tested surface and sensor head. Low-frequency rieise is probable inertial force influence noticeableresponse
eliminated the lower limit decoder frequency ofl&dz. waveform, which causes slower decreasing of digpiesnt
value during decreasing of exciting signal. In ufig 12 is
longer time window, where edge reflections are qeatble.
Times of arriving of signal maximum (154, 164s, 2145
and 22}s) are signed by arrows. It means, that there
happens overlapping useful signal and signal rédlecin
time area of approximately 16020.s.

I[mA]
200
100 |
0 p
-100 -
-200 t[ps]
0 100 200 300 400 500

Fig. 11. Photo of measuring workplace

2.4. Measurement results

Due to high level of noise in the frequency ranQekblz
to 2MHz it is necessary to use averaging in timmaio for
greater relevance of the results. Number of average -40 w t[us]
waveforms is 512 in both experiments. In both \wersiof 0 100 200 300 400 500
experiment the response on excitation with singlertonic
pulse at a frequency of 500 kHz is monitored. Caering
the limited size of dural sample the longer exmtateads
to signal distortion caused by the elastic wavearadges
reflection and the possibility of standing wavesgmation.

Fig. 12. Excitation current waveform and measured
averaged surface displacement with sample edgestiefs
(experiment version 1)

Measured results from version 2 of practical eixpent
are show in figure 13.

I[mA]
200 ‘ T
100 -

-200 w w t[us]
0 50 100 150 200 250

t[us]
0 20 40 60 80 100

t[ps]
Fig. 12. Excitation current waveform and measured 0 50 100 150 200
averaged surface displacement (experiment vefgion

Fig. 13. Excitation voltage waveform and measured

In first waveform of figure 12 is exciting current ) . .
averaged surface displacement (experiment veBion

measured with AC current probe shown. Maximal éxgit
current value is 126mA, which corresponds with tkéoal
presumptions. Surface displacement response mekaitte
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Maximal amplitude of response signal reache€EMAT was measured. The amplitude value of surface
approximately 8pm value. Decreasing of amplitude iglisplacement is moving around approximately 8 pietars
caused by ultrasonic wave damping [4]. According tcand 26 picometers values. The aim of further resesiill
damping dependence on wave frequency and distaaoe f be increase these values. Averaging at time domeis
ultrasound source, the value of ultrasonic wavemagiis necessary because of relatively high value of thserl
determined as 0,12dB.mhMHZz ™. interferometer input noise and without the impletagon

Compared to theoretical presumption the arrivingetof  of the results is not nearly as robust. The resatm a good
signal response maximum is delayed approximately bipasis for verification of the numerical model corgence
15us. This event, which occurs in frequency bandand the subsequent optimizing the parameters of EMA
approximately 100kHz around frequency 500kHz (galher equipment for the acoustic emission testing andrsgary
around frequency of maximal efficiency of desig@AT  acoustic emission sensors calibration. In futurdl Wwe
generator), can be caused by waveform normal lileetion  necessary replace used testing sample by cyliidsazaple
change and subsequent wave spreading throughtieflec with dimensions enabling measuring of waveforms
from bottom and top sample sites or it can be ahuse distortionless by edge reflections.
another at present unknown effect.

In figure 12 are shown ultrasonic waveform with ACKNOWLEDGMENTS
multiple reflections on sample edges.

This work has been supported by Grant Agency of
I[mA] Czech republic, grant no. GA 102/09/H082 Sensord an

200 ‘ ; intelligent sensor systems.
100 S i
h : REFERENCES
-100 - R R _ _ _ _
200 : : {[us] [1] M. Hirao, H. Ogi: EMATS for science and instty
W Noncontacting ultrasonic measurementst@os
0 100 200 300 400 500 Kluwer Academic Publishers, 2003. 369gzag
[2] J.Vrbka, P. Jaék, E. Ondréek, J. BurSa: Plasticity and
Elasticity Il.Lecture notesBrno: VUTIUM publishing,
2006. 262 pages.
[3] J. Keprt, P. BeneS: Uncertainties deteriamaof
acoustic emission sensors primary calitmat In
Proceedings of 37th International Conference and
t[us] Exhibition Defektoskopie 2007. Praha: 2008, p. 69-74.
0 100 200 300 400 500

[4] Obraz J. Ultrasound in measurement techmiguaha: SNTL
publishing, 1984. 488 pages.
Fig. 12. Excitation current waveform and measured

averaged surface displacement with sample edgestiehs [5] J. Szelazek: Electromagneto-acoustic uliuas transducers
(experiment version 2) - construction examples and using. ASMaterials

Evaluation. 1996, vol. 54 (8), pages 92384.

[6] Dedek, L., xdkova, J.: Electromagnetisihecture notes

4. CONCLUSIONS Brno: VUTIUM publishing, 1998. 229 pages.

The article discusses the measurement of solidriahte
surface displacement generated by EMAT device. dihe
is to determine the displacement value at singléntpo
generated by EMAT for subsequent comparison with th
numerical model, as well as to optimize the EMAT
parameters. Using a laser interferometer the sarfac
displacement directly under and at defined distafoe
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