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Correlation of dependences of acoustic emission parameters and the combination aggre -
gate harmonic amplitude has been studied for two colliding large-amplitude ultrasonic
waves in LiF single crystals. This correlation is related to the defect structure relaxation

in ultrasonic wave field.

WccnenoBana KOpPpeNsAnus 3aBUCUMOCTEH apaMeTpPOB aKyCTUYECKOW SMUCCUU U aMILIH-
TYyObl KOMOMHAIMOHHONW CYMMApHOW TapMOHUKH [JBYX BCTPEUHBIX YJIbLTPA3BYKOBLIX BOJIH
0OJIBIIION aMIIUTYALI B MOHOKpucTtawiax LiF. [laHHas Koppeasanus CBI3BIBAETCS C pejakca-
nued CTPYKTYPHI Ae(EeKTOB B IOJie YITPA3BYKOBOM BOJIHBI.

The structure defects in alkali halide
crystals are believed to be rather resistant
against influences of elastic fields, induced
by ultrasonic waves (USW), that is, the ul-
trasound is only a factor stimulating the
dislocation motion and changes in the me-
tastable structure (local distribution) of the
defects as a whole. The dislocation motion
is caused by an external loading or the re-
sidual elastic stress fields present always in
the crystals. The presence of fields differ-
ent in nature, however, influences both the
concentration and state of the structure de-
fects while the defect state changes result
in a change of their interaction [1].

The structure reorganization of local do-
mains and defect state changes of crystal-
line materials may be accompanied by a
spontaneous chaotic acoustic emission (AE)
of the materials [2—4]. In single crystals
under ultrasonic field, this emission is re-
lated to simultaneous fixation and break -
ing-off of dislocation segments on stoppers
under translations or vibrations [3, 4], the
number of such segments being rather large
(up to 103 to 10% per one AE pulse [2]). The
chaotic structure rearrangement in differ-
ent local domains arising therewith and ac-
companying the dislocation motion makes it
too complicate to consider the wave processes
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and requires to employ super-intricate non-
linear approximations in wave equations [5].

The nonlinear interaction of large-ampli -
tude USW in crystals accompanied by
changes in physical parameters of the solid
is also among deviations from linear equa-
tions of the crystal state and results in gen -
eration of harmonics or onset of combina-
tion frequencies [6]. Under certain condi-
tions, both processes, that is, the chaotic
structure rearrangement and the nonlinear
interaction, may take place simultaneously.
The appearance of domains where the struc-
ture is changed and the elastic properties
are time-dependent must result in a non-
monotonous changes (time-dependent "fluc-
tuations™) and subsequent relaxation of 3rd
order elastic modules, the relative changes
its in the latter characterize the efficiency
changes of harmonic generation and combi -
nation frequencies onset.

In this work, results of first-done simul -
taneous AE recording and the combination
aggregate harmonic (convolution) Uy meas-
urements are presented for two colliding
large-amplitude USW in LiF single crystals
preliminary treated by high-power ultra-
sound for long time to provide a non-equi-
librium structure defects distribution in the
sample.
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Fig. 1. Dependences of convolution ampli-
tudes and AE on strain generated by a USW
of 6.5 MHz frequency. 1, U2f/Uf(Ug); 2,
U’2f/U’f(Ug); 3, UAE(Ug); 4, approximation of
Ugp/ULU,) using data of the region I; 5, ap-
proximation of Uy:/UAU,) under elimination
of the region II data.

To create collinear countercurrent ultra -
sonic waves of 0.7 to 35.0 MHz range, pie-
zoelectric converters were used (3 and 4,
see inset in Fig. 1) where the electric volt-
age Ugz =10 V is in proportion (within lin-
ear approximation) to the strain generated
thereby S = 1074 (averaged over the sample
length). The AE was recorded in the 20 to
200 kHz range wusing a piezoelectric
transducer (1) and specialized acousto-emis -
sion instrument with additional rejecting
filter (5) to filter the USW frequencies. A
piezoelectric transducer (2) and spectrum
analyzer C4-74 were used to measure the
main (U,;) and combined (Uzy) frequencies of
the USW (see Fig. 1). The dependence
U'st/U HUy) is a the total contribution from
nonlinearity of the generator and the
transducers (3) and (4). The U,y depend-
ence is the voltage of continuous AE that
appeared as groups of noise pulses with sub -
sequent transformation into a pseudo-or-
dered emission, as in [4].

The line A-A' in Fig. 1 subdivides the
range of strain values generated in the
USW field into three regions as well as it
confines the region II where fast (up to sev-
eral times per second) changes (by 20 to
50 %) of Uys/U; ratio took place in the
course of AE. Fig. 1 presents the "final”
Uy/Uy values after the AE intensity was
decreased significantly or it was over at all.
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In the I and IIl regions, the Ujys/U; in-
creases monotonously as the strain rises.

In a medium remaining unchanged as a
USW is propagated therein, T ~S in linear
approximation for relatively small strains.
The electric voltage amplitude at converters
(1), (3), and (4) in no-load operating mode
is proportional to the strain, too. Expansion
of T;i(Sy) function in series shows some
dev1a{1on from the Hook law even for rela-
tively small strains Sy, and S,

Tij Tij(O)D Wﬂskﬂ

kl
E’bkz" [‘bkl_'o

S -0

1 02Ti] 0S, . O0S " "
O
208,08, T4

rq 5, -0

Here, the coefficients 0T;;/0S); and

0%T;;/0S,0S,, are the 2nd and 3rd order
elastlclty modules, respectively, and T(O)
are residual (elastic and inelastic) mechanl-
cal stresses associated with the instantane-
ous structure of defects, whereas T(O)l] and
62le/ 05,08 ,[81,(3,, are zero in linear ap-
proximation. The changes of T(O) and
0T;;/0Sy, are taken into account When de-
scrlblng some inelastic effects, such as in-
ternal friction, while the change of T(0);
themselves (changes in local mechanicaI]
stresses) manifests itself as the material
acoustic emission. The measurement of
0°T;;/ 05,0S,, as a function of T;(Sy,) am-
plltude is rather complicate due to the sec-
ond item in (1) exceeds the third one con-
siderably. In the same time generation of a
strain in the field of two colliding USW
makes it possible to evaluate the changes in
02 T;j/ 0Sp0S,, by measuring directly the
relatlve changes in the interaction (convolu -
tion) efficiency.

In the case of 92T;;/ 0S}0S,, = const the
dependence Uy/U (S) should be a square-
law one, typical ot{ a crystal with unchang -
ing defect structure, that is, U2f~yTl] or
Ugp = 3S7,, where y and & are proportionality
factors. In Fig. 1 this is valid for the region
(I) of relatively small strains (curve 4). In
the region II the Ujys/US) dependence is
seen to deviate from the square law. The
relaxation of the crystal defect structure
due to propagation of colliding USW results
in correlation between two types of non-sta-
tionary fluctuation processes. The first type
ones are those associated with breakdowns
of mechanical stresses, that is, time-depend -
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ent changes of local T(O)ij, first of all, the
threshold-type AE appearance. The second
type involves fluctuating changes of local
3rd order elastic modules defining the in-
teraction efficiency of colliding USW re-
lated to inertia of local rearrangements.
The time-averaged interaction efficiency
in the region II lowered as compared to the
square-law one is associated with decreasing
effective 3rd order modules and evidences
the formal linearization of elastic properties
at substantially nonequilibrium defect
structure state (under fixation and break-
down and motion of dislocations). The
threshold AE appearance in the region II
and its decrease as the strain rises (USW
amplitude grows) may evidence that the
strain amplitude S exceeds the yield limit
0p.2 in some local domains. Such a behavior
of AE intensity within an interval between
the elastic limit 0f and the yield limit g 5 is
well known in the case of static strains [1].
Since the strain changes its sign and
value fast enough in our experiments, an
"excited” state of the defect structure [4],
arises at rather large S (the region III). It
this case, a fraction of dislocations has no
time to be fixed on weak stoppers during
the USW half-period and make fast vibra-
tions about the previous equilibrium posi-
tion due to alternating mechanical strains
generated by USW. Since there is no fixa-

tion and breakdown at the stopper, there is
no AE too. In this case the defect structure
changes occur during a time of about one
USW period or even less. The traditional
quasi-static approximations for 2nd and 3rd
order elastic modules seem to become incor -
rect in consideration of wave processes. At
the same time the concept of effective 2nd
and 3rd order elastic modules can likely be
used; this is evidenced by the square-law
character of Uar/UAS) dependence in the
region III (Fig. 1, curve 5).
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Penakcania cTpykrypu gedeKTiB B yIbTPa3BYKOBOMY
MmoJIi Ta aKyCTHYHA emicia y moHokpucraaax LiF

M .B.Kpaeéyos, O.B.Jlawenro, A.I1.Onanko

HocaimkeHo KOpeJAIilo 3ajie’KHOCTell mapaMeTpiB akycTHuHOl ewmicii Ta ammiaiTyzu
KoMmOiHaIifiHol cyMapHOI rapMOHIKM [OBOX 3YCTPiUHUX YJbBTPA3BYKOBUX XBUJIL BEJIUKOIL
aMmmIiTyau y MmoHokpuctanax LiF. [lama xKopensiisa moB’A3yeThbCcsa 3 pejaKCalli€lo CTPYKTYPH

nedeKTiB y moJi yJITpasByKOBOI XBUJIi.

Functional materials, 11, 2, 2004

355



