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Abstract. The paper describes microwave measurement of mefiadtd using the relevant theoretical assumptidhs. cracks are
judged from the point of view microwave practice araeguide technique and formulae are exploited. ddemment results are
plotted in graphs and discussed.
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INTRODUCTION 6_E+6_E+6_E+w_E=0' (1)

The article is engaged in detection of cracks iratse x? oy? oaz® c?
from the microwave theory standpoint, and so id&eto
basic research. Nevertheless an example about meyeereE is the phasor — vector of electric field intengity
versatile using of Maxwell’s equations is presergada ,, o .
practical case at the detection of a defect in neta —=—- IS the phase constant for the TEM waves/and
smaller one comparing with the detector’'s wavelken . . .
the assumption gtartir?g from the wave theory apgl?e Is the wavelength |r.1 free space. On the assf‘mm“m
microwave technique a proof is given that a seemirfﬁe change of th& in dependence on coordinatéas
unreability of the defect detected in such configion is e form
in a fact one case of electromagnetic wave sprgaaiirn 62_E - _p% @)
in the rectifying surroundings. X2

On the experiments with artificial defects it is o
demonstrated how general relations for impedanoebea Where 8 =— is the propagation constant aig is the
used at the determining of the defect geometry. A4

On the basis of measurements also the influence wavelength in the waveguide, we get
dielectric splits on the measuring signal is quatitiely

resented. 2¢ 2
P 6_E+6_E+ ﬁ_ﬁ’? E=0. ()
ay? 022 | c?

1 THEORY - _ _
From the condition folE on the waveguide surfaces it
As to general approach to the problems, Maxwelkan be shown that

equations provide the basis to solution and for the

experimental part we have chosen the waveguide A

technigue making use of the same theoretical bBsery /\g:—z. (4)
component of electromagnetic field satisfies thenso A

equation with three coordinates and for the trarsale 1_(%)

electric field having a sinusoidal character withe t )
angu|ar frequency) we can write where /]C is the cut-off Wavelength.



As our experiments are based on the reflected kigh@ EXPERIMENTAL RESULTS
from defects our measurements and calculations are
based on this reality exploiting the waveguide téghe, _ | _ >
where the reflection coefficient can be measured and it |aboratory microwave equipment, [1] with the cortree

is given as

p-E:

where E* and E~ are intensities of reflecting and

incident waves respectively.

(®)

When we take in account expressionssdf and E~

by means of we have

p= | p0|ei(%+2ﬁx),

(6)

where g, is the phase op in x= 0 and|,| is absolute

value in the same point. Because the incident and

reflected wave create the standing wave, standiagew

ratio (SWR)s

|Emin|
|Emax|

S

can be measured and from the,,, position

possible to determine the phase

$=2Bdy, —n

()

it is

(8)

but with regards to the definition gf

NS
1+[p)
respectively
o =23
1+s’
or
7=7,1P.
1-p

Seeing thatp as a complex quantity can be calculate

)

(10)

11)

from (8) and (10) we can determing also in the

component form

+§Zomn

2 plsing

1+]4f" - 2pfeosp.

12)

As all quantities on the right hand of this equatime

measurabIeZ can be evaluated.

The experiments were carried out on the standard

in the schematic illustration in Fig. 1.
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Fig.1: Experimental set up for inhomogenities

measurement, K — reflex klystron, KPS —klystron ggow
supply, IM- impedance match, VA — variable atteayat
MT — magic T, A — adapter, CL — coaxial line, FM —
frequency meter, Fl — ferrite isolator, T, A — atkp CL

— coaxial line, FM — frequency meter, WRS — wawdsgyui
rotation change—over switch, FI — ferrite isolat@&WD —
standing wave ratio measurement line, FC — ferrite
circulator, CD — crystal detector, OW — open wavidgy

SA - selective amplifier, S — sample, MSH — movable
sample holder

As a source of microwave signal was used the reflex
klystron modulated with 1kHz signal. The measuretsien
were carried out on frequencies from the rangesik@
band on the waveE,,. The measured quantities were

detected on the selective amplifier on the endefline.
The switch enables measuring both SWR and direct
reflections in the same connection.

The measurements of SWR were taken with the
switch position to the open waveguide (OW). OW was
terminated with metal samples with the artificidbts
representing cracks of the different depth and lwidihe
samples with the defect depths from 5 to 20 mm vagre
disposal and the SWR was measured for every depth a
Geach frequency by the standing wave detector. The
measured and calculated values are plotted inithe2F
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Fig. 2: Dependence of SWR on the defect deptlefars
frequencies



The successive curves show quasiresonant cours@ but
fact they represent values of waveguide terminating f=9,23GHz
impedance in the waveguide—defect contact position g4,

Formulae (9), (10) and (11) show that there isdlire &
connection between them. = 4007
From the more watchful observing the Fig. 2 it was £ 300 |
possible to assume, that individual samples atiqoéet g 200 |
frequencies behave as a quarter-wave transforBers. g7
that to confirm this assumption we further increhse @ 100 |
continuously the defect depth on a special prejmarat 0 ‘ ! ‘ ! : : :
and the measured values are plotted in the sepgnaé, 0 5 10 15 20 25 130 35 40
Flg' 3. depth o defect [mm]
06 [~ Re{z} = Im{z}]
057 Fig. 5: Dependence of real and imaginary part of
T 04 impedance on depth of defect
X 03
? 027 An illustrative image about impedance course fer th
0'; 4 defect quarter—-wave transformer affords Fig. 6,r@he
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Fig. 3: Dependence of SWR on the defect deptthfeet
frequencies

f=9,23GHz
600

It can be seen from the all three courses (forueegies
10,14GHz, 9,23GHz, 8,25GHz) that the quarter-wave
transformer effect really manifests itself at indual 400 LA ™o

_ oA -
frequencies at three multiple efi . L\éL
For the more complex assessment of the measurelisres 200 -J 0 - - #_ __________
from the point of view of quantities with which the
microwave technique operates the values of impexlanc
were calculated (12) and plotted their dependeanase 0
defect depth at the frequency 9,23GHz, Fig. 4,Figd5. 0 2(‘)0 4(‘)0 600

Re{z}
f=9,23GHz Fig. 6: Lissajouse curve for various depths of defe

700

To get information how the defect width influences
the reflected signal, we have measured the amplitfd
the reflected signal with the moving probe positidhe
results for different defect widths are in the Fig.
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Fig. 4: Dependence of amplitude and angle of impedance
on depth of defect
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Fig. 7: Dependence of signal amplitude on probatjmrs



From the graph it can be seen that the sensitigity conception about the decreasing amplitude of the
increasing with the increasing of the defect widilne reflected signal at the determining of the cracitdevith
least registerabled defect width was from the irger A

<0,05mm = 0,1mm> (2n+1)—2 distant maxima.

With the open waveguide it could be possible to
obtain information about the defect orientationa@fing
the angle between the waveguide H-plane and t
straight line passing along the defect we meastined
reflected signal amplitude and the dependence ihen

For the reason of more complex evaluation of the
efect character as a special waveguide sectioalsee
Ollowed the shift of the SWR minimum with the
enlarging defect depth. The corresponding valuethef
impedance were calculated from (12) and the resu#s

Fig. 8. in the Fig. 10. From the point of view of microwave
=9,23 GHz theory the presented results bring an additionabfpof
the fact that for the defect investigation the mweave
= ! method can be used as well as a tried and tested
S 90 ! ! microwave practice.
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From the Fig. 3 it can be seen declining SW | E
amplitude forn=1 what shows that the defect behav crack depth
as a loss waveguide section. To point this factareied
out another measurement on an artificial longeectef

Fig. 10: Dependence of complex impedance imaginary
f=10,1 GHz component and standing wave minimum shift from the

100 depth of defect
_ 80 At defects detection it is necessary to admit Hrat
g 60 older crack is partly or wholly filled with rust @mother
© deposit and also can be covered with paint, rustitr
El their combination. Additional crack filling can albe
s 40 water or various water solutions. These materigisify
© from the microwave defectoscopy point of view
20 7. dielectrics which will have an influence on the elsf
viewed as a part of the microwave network. We fo#d
0 - these conditions experimentally and the obtainedlte

0 20 40 60 80 100 120 140 are in Fig. 11 and Fig. 12.
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Fig. 9: Dependence of the reflected crack signal
amplitude

In order to show to what extend the defect depth ca
influence the reflected signal amplitude we tooko tw
measurements, Fig. 9:

curve 1:the reflected signal measurement in theldss
waveguide,

curve 2: the reflected signal measurement on thepka
with the defect (width of defect was 1mm).

The reflected signal was measured through thetderri [—a——b—cxd—e]

circulator, Fig. 1 and measurement were carriedfout . .
such position of the piston in the lossless wawdgui F9- 11: Dependence of reflected signal amplitucenf

which were identical with the corresponding crackdefect gradually filled with the rust layers (a reolayer,
depths. The comparison of the both measuremerits is P — two layers, ¢ — three layers, d — defect filléth
the Fig. 9. From this graph it is possible to foan rust. € —empty defect)
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Fig. 12: Dependence of reflected signal amplituolenf
the presence different dielectrics in the volume an the
defect surface

In the Fig. 11 and Fig. 12 there are demonstratedses
of the reflected signal from the defect gradualbinky
filled with rust layers (the thickness from 0,3mmthe
width of 2mm). In the Fig. 11 and Fig. 12 we alsegent
for a comparison the curve of the reflected sigmmalrse
from the empty crack (curve “e”). The curve “f’
represents the course of the reflected signal fthen
defect filled with pertinax (for the sake of thefelient
dielectric constant), the curve “g” represent thflected
signal from the empty defect covered with a paihg
curve “h” from the defect filled with water and tharve
“i” from the defect filled with paint. For every mgoned
filling the complex permittivity was measured bytable
measuring method, [2].

3 CONCLUSIONS

The relevant
different surface, subsurface and stress-corrod@acts,
[3], [4]. We directed at deeper defects, which are
problem for some conventional techniques.

Our work was directed towards microwave techniquéVlissury

utilization through nontraditional way and we haesd
our attention primarily to the experimental venifgi of
microwave utilizing for defects in metals. Crackerey
tested from the point of view the waveguide techag)

The acquired experiences can be summarized in
several points indicating possibilities of microweauDT:

1. to find out the defect (with a waveguide or a
coaxial probe),

2. to determine the defect orientation [6],

3. to obtain information about the defect width, [6],

4. to determine the defect depth (according to the
defect impedance), [6],

5. to fix the defect depth utilizing the quarter-wave

transformer effect and the
characteristics.

It is worth also saying that microwaves offer aibafial

possibilities, with regard to expanding their atiliion as

well sensibility and accuracy. These goals can be

achieved by using higher frequencies (around 10@)GH

and more sophisticated techniques (e.g. cavity

resonators).

attenuating
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knowledge with the theory which is at disposal in

microwave domain. With the intention of obtaining a
implement not only for the detection of the deféat
also for its quantitative evaluation.

Dagmar Faktorova, Doc., Ing., PhD.,

University of Zilina, Faculty of Electrical Engineeg,
Univerzitna 8215/1, 010 26 Zilina, Slovak Republic,
e-mail: faktor@fel.uniza.sk



