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ABSTRACT

The new method to detect structural changes in thin surface
layers is based on eddy currents with frequencies much higher
than used traditionally. The method is used to detect and
estimate gas-rilled layers on the titanic alloys’ surface,
intercrystalline corrosion of the samples made of austenitic
and austenitic-ferritic steels, to determine wear of alitized
layers on surface of the blades made of high—tengerature
alloys. It is also used for crack detection in materials with
low conductivity (graphite - based).
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OBJECTS OF TESTING

The eddy current method is widely used for non-destructive
evaluation of structural changes in" the surface layers of
metal products. In this case the instruments register changes
of specific electric conductivity in effective =zone of he
probe. This conductivity is structure-sensitive arameter
(Dorofejev, 1973). But traditional eddy current methods use
alternating electromagnetic field with frequencies less than
25 MHz.On such frequencies the average value of specific
electric conductivity in zone of eddy currents’ distribution
affect the readings of instrument.For main constructive
non-rerrous materials this zone is more than 0.3 - 0.5 mm
thick for frequencies less than 25 MHz which coincides with
deepness of eddy current penetration on these frequencies.
This value 1is even greater and can reach 1 mm for low
conductive materials (titanic alloys, austenitic steels,
graphite-based materials). In this case structural changes in
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thin layers (less than 0.1 mm) apbarently would not arfect
the parameters of' eddy current pbrobe’ s output Signal. But
Structural changes which affect operationa] pro?erties of
materials ang broducts occur right in the surface

t 0.1 mm thick. The problem or detecting and evaluation of

the samples which  were eXposed Lo heat treatment
Simultaneous]y With the detaj]. Such detection requires much
labour ang can not objectively assess the whole lot of
details. More rustworthy is an ~ray method which is based
on measurement o barameters of surface layer crystals. But
it also is not widely used because” it requires the
eXpenditure of much work.

THE DEVICES Fog DETECTION OF STRUCTURAL CHANGES

In recent time an eddy current method s uUsed to detect
gas-rilled layers, which is baseq on measurement of Cchange of

Sbecific electrig conductivity of gas-filled layer. In such a
case  boundary between lavers 1S not sharp” angd Specific

t
s

r

2), that are 10 times higher than usual for traditional
eddy current method (Dorofejev, 1973) . High frequency
structurescopes "Alpha" ang "Delta" were developed in the
Karpenko Physico-Nbchanical Institute rfor detection of
as-rilled layers on the detajls made of titanig alloys
Uchanin et al., 1989). The base of an instrument ;g high
I'requency autogenerating transducer and itg working coil
1nclude eddy current transducer’ s Coil. ‘When eddy current
transducer is §ositioned on the surface of tested detail
w1thout gas-filled layer, autogenerator Secures Stable
oscillation op frequencies 100 to 400 Mz, When gas-filled

cease of oscillations, which g registered " with the
instrument. Instrunent’s threshold of sensitivity corresponds
to layer which ig 0. 02 mm thick. Eddy current transducer’ 5
coil diameter i1s 0.5 mm Test results are indicated with

connected. The instrument fequires sych bPower supplies - 220
V AC (50Hz) or +12V and -12v DpC. Overall dimensions of  the
instrument.” are 170490%45 mm, Weight of the instrument g less
then 0. Skg.  The instrument hag Such  specific features -
automat ic selection of the mode ~ang instrument’ g z2ero
setting. For this purpose the Instrument  hag digital
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svnthesizers of control voltages for autoggneratogthgg?gggﬁ
the instrument is extremely simple in opera I?ns ] Operata
h only to place a probe ¢n the suraace ot 2?9 v it
‘as—filled layer and press button Adjus me ] S L2
%asommended to adjust the instrument immeQi? gsg o L
éggail For this purpose a layer{ which dt?;gmnpart Sgesd
thickness of gas-filled layer, 1s remove bt B
surrace. Automatic adjustment also increases tes ot
getn .becauqe it excludes subjective factogs. vy e
nﬁi?fuments a}e used on some industrial enterpriTegvs & L

éeét treatmen% gg thﬁ g?ﬁf}ésrﬁzdﬁeigt?égagégwgen thickness’

= - = an ers, , e

B}‘“ 2 ?}i%%edslayer and hardness is determineg, tha;gneggkg?
5 gagl to use the instrument directly to est - 55 af
Egsséetgils which are made of such alloys. Thﬁ u?zrgunﬁracks
also used to solve related prodlems - to dgtegd s s
15hs TaRAG alloye, © eStigfﬁg'weatoordstecézintercrystalline
P maded Orthggpegrogiené: where detecting _structurg
Chepe s © layers of details made o

hanges in the thin surfacg
gogﬁgerrous materials is involved.
METHOD AND DEVICE FOR QUANT ITATIVE TESTING
t changes in thin
3 S 1t i3 necessary not only to detech
ig??éégelaveﬁslbut to determine values of" aon? tggr?geg§F§}
For instance, specific electric conductiylty 8lem it b
Ls thickness. Traditional solving of this pro Fod because of
1r*bhi h- frequency technique is rather complica g'es such as
gechn%cal problems which ocour on high f;equggh;ng, and it
d'ctributed arameters affection and units’ ma eared to be
ilwld t Solve the broblem Amther technique appe licated
Noge ??U'I_E’f.ul - the technique, which do not Ubedﬁgglg which
g?gh—frequency units. We use auzogeneratin%hgranghown * above
1S alreadv developed and applied n tions’ stalling.
lb‘tlL“ument‘s and works in the mde of oscilla ionoscillations
The lue of control voltage which enables enabl ing
‘iggly?ng or. ,feasible area “of ‘control VOIESESS’of test
;table oscillations, depend on  the paramg Bt %6 show
Specimen (Uchanin, 1990).To confirm s, ooa ﬁgﬁe of titanic
— mental resuits after test:ng of samples a Zfilled
eT?eri BT—14 with different thicknesses 0 d gasthe e
? g¥ Thickness of gas-filled layer was determingiony between
o?ymeesuring surface hardness. Fig.1 shows re ahdl Gonb
T voltage of autogenerating tranbducerh. knesass®l of
Sglgu e on fthe varicap for different -t 1? ncupves are
gas-?%lled layer.Only the beginning parts o
Shown. . . "ig.1 show that control
Relations which areegggffgéedcegge g}gOSCI1lat1°gsted§?engd83
This relationship is used as a ase
PR, fahniaie oF B pardmtteld S TR L f Y
iggersywhen~the differﬁncetbetwgi?pgo?ﬁdgfgcgg gh test object
VO] cases when trans e ] . . 2
égltgge égethgample without gas-filled layer is used as

voltages values,
laver thickness.



diagnostic variable. The relation of the difference between
boundary values of control voltages to layer thickness

Uout,v
-3

.

-88 o

I
~

Fig.i.Qutput voltage - control voltage characteristics
ror different thicknesses of gas-filled layers:
a-0_ mm, b-15mum ¢ - 20 m, d - 40 mm,
e-6%wuf—7%m,g-1 MM,

(obtained for specific sort of titanic alloy and transducer)
is used to implement the technique. Fig.2 shows relation
betwgen boundary values of control vo%tage on varicap and
specific electric conductivity of the samples for different
values of transistor supply voltage in autogenerator.
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Fig.Z.Qontrol voltage - conductivity characteristics
for different transistor supply voltages.
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To obtain this group of curves the transducer was placed on
the samples made of titanic alloys with electric conductivity
chan%ing from 0.5 to 1.74 MMhos per meter and on every sample
oscillations stall was enabled by changing control voltage.
This relation shows the possibility to determine specific
electric conductivity of thin surface layers with high-
frequency autogenerating transducers, working in the mode of
oscillations stall.To implement this technique an instrument
was designed, which produces control voltage digitally and
automatically registers threshold control vo tage, used as
diagnostic parameter. Also the instrument’s modification was
developed, which implements presented above technique with
the help of wusual PC. All methods and devices presented in
this article are patented.

CONCLUSION

1.The eddy current structurescope "Alpha" and "Delta",
developed in  Karpenko Physico-Mechanical Institute and
intended to detect structure changes of surface layers, is
presented. These instruments are used as indicators to detect
as-rilled layers of titanic alloys, to detect intercrystal-
ine corrosion, wear of alitized layers on super steels, and
micro cracks.
2.The ways to solve a problem of parameters determination
of' surface layers on high frequencies and also the device and
technique for quantative eddy current test on high
frequencies, suggested by Physico-Mechanical Institute, are
shown. This technique can be used for quantitative test of
dimensional parameters of thin surface layers and related
mechanical properties.
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