NON-DESTRUCTIVE ANALYSIS OF FERROMAGNETIC MATERIALS BY
MEANS OF BARKHAUSEN EFFECT METHODS

G.S.VELEV*

Results from the analysis of structural
steel and amorphous alloy specimens obtained
by means of Barkhausen effect noise and mag-—
netomechanical acoustic emission methods ha-
ve been presented.Some conclusions have been
drawn about practical application of obtai-
ned data on non-destructive control of in-
ternal stresses in structural steel and of
structural state of amorphous alloys.

INTRODUCTION
The methods of Barkhausen noise (BN) and magnetomecha-
nical acoustic emission (MAE) ,based on Barkhausen effect
are now being used for non—-destructive control of the
structures and physical and mechanical properties of
ferromagnetic materials [1,21 The object of the present
work is to study the applicability of magnetic noise and
magnetomechanical acoustic emission characteristics -
magnetic noise voltage, UB . and root mean square volta-
ge, U . of the magnetomec anical acoustic emission
for non—destructive control of the internal stresses in
structural steel specimens having various levels of cu-
bic plastic strain and for non-destructive control of the
structure of amorphous alloy specimens having various
compositions and structural defects.
MATERIALS AND METHODS

Specimens of 30Cr2MnAZF steel of rectangular section
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(10x4)mm and 100mm length have been used for the test.
Specimens have been sub jected to compression at 900 °C
and their cubic plastic strain level,E — has been from
10% to 60%.A11 test specimens have been X-ray analyzed
for guantitative estimation of the internal microstres—
ses Fe-based amorphous alloys of (Fe Ni ) . -B system
. ¥ 1—x" 8020
have been used for the preparation of test specimens
wnich have been then super—quenched in the form of a
strip of JS0um thickness [3].Structure identification has
been made by X-ray and metallographic analyses(Table 1).

TAELE { - Structure and © omposition of _amorphous_alloy
specimens..

Group Composition Structure Dimensions (mm)
1 1 st Amorphous 13 % 100
2 1 st presence of crystal grains 13 2 100
3 2 nd Amor phous 15 % 100
4 3 rd Amorphous with pores 13 » 100

Fig.1l shows the blok-—diagram of the apparatus for spe-—
cimen investigation.The test speicmen % is placed betwe-—
en the magnetic core 4 and the piezo—electric transducer
1. Low frequency =ine-wave voltage is supplied to the
magnetising winding 5 and through the magnetic core 4 it
jeads to cyclic magnetization of the specimen zoneé loca-
ted between the poles of the electromagnet. Thus BN and
MAE are jnduced in the specimen. u induced pulses in
the receiving winding 2 are sent to BN block for proces-—
sing and MAE signals are transformed by the piezo—elec—
tric transducer {1 into electric pulses which are then
cent to the AE amplifier of the acoustic emission. From
the BN and AE block the signals are sent for analyzing
by the PC personal computer and for recording by the XY
recorder. The measured characteristics are magnetic
noise voltage .the root—mean square voltage of
magnetomechanicaq acoustic emission and the relation—

ships UBN(IN) and UNAE(IN)'

Fig.2 shows the dependences of U nd U M on the in-—-
ternal microstresses of the steel specimens. Data ana-
lysis has shown that the density of bn within the range
of 8 kHz to 100 kHz is the highest at low internal
stresses and it decreases when they increase up to
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60.107Pa,while MAE decreases almost linearly with micro—
stress increase.Probably the increase of plastic strain
extent results in the increase of material dislocation
strucgure, where irreversible magnetostriction movements
of 90 domain boundaries gradually decrease. Ry increa-—
sing the magnetizing fxeld intensity, H, the movement
processes of the 180° domain boundaries more and more

distinctly shift to movement of 90 domain boundaries
and rotation [11.Thisg phenomenom 1s in agreement with
the results for U_ (I and U in Fig. 3 whsre

curve 1 relates to stress values OP . —(30-35) .10 Pa,
curve 2 relates ;o o, —(40-45),10 Fa a%d curve 3 relates
to o, —-(60-70).10 Pa.#xq 4 shows the U (I and U
relations for the groups of amorphous speylmens DPAFabe
1.The continuous lines refer to ) and the dash 1i-
nes refer to U (I, ).Fig.4 shows ghe U relations
within the frequency range of U, (8- IOOFTM h%xg S shows
in more details the U relagﬁons for noise voltage
discrete frequences (Eg Sg 45) kHz for composition N 3,
Table 1. Data analysis shows that for groups of one and
the same composition ( M1 and N 2 - Table 1) U
values are almost identical while U urves considera-
bly differ.Fig. 5 shows distinct extremums of U_ (I

8 i . - BN
for U discrete frequencies at low magnetization le-
vels. Eerhaps such extremums result from the uniaxial
directed anisotropy which causes the occurrence of spe-
cific domain structure.

CONCLUSIONS
1.Test results confirm the fundamental differences
between BN and MAE regardless of the fact that both
phenomena are induced by one and the same source on the
basis of the sharp irreversible movement of the domain
boundaries.
2. and characteristics can be used for non-dest-
ruc%xve evaluation of internal stresses in steel sub je-
cted to plastic deformation and more precisely immedia-
tely after that.
3.These characteristics can find an application in non-
destructive testing of structural state of Fe-based
amorphous alloys where defects such as the presence of
crystal grains,pores,dislocations,etc.,are inadmissible.

SIMBOL USED
UN = magnetic noise.

MAE = magnetomechanical acoustic emission.
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UBN = magnetic noise voltage ()

UMAE = root mean square voltage (V)

IN = magnetizing curent (mA)

A = internal stress (Fa)
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Figure {.Blok—diagram of BN
and MAE measuring apparatus
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