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The experimental investigation of the character of changes in physical properties (electric resistance, coercive
force and damping decrement) of the 06Ch16N15M3B steel deformed by drawing at 77 K depending on the
duration of the ultrasonic irradiation has been carried out. The results show that the behavior of relaxation processes
being in the structure of the steel with a residual martensite has a non-monotone (two-stage) nature with different
relaxation times. A role of dislocation and diffusion processes, activated by the ultrasound irradiation, for equalizing
the internal stress field levels in the heterogeneous structures is analyzed.

PACS: 43.35.+d, 61.72.Ff, 61.72.Hh, 62.20.Qp, 62.25.Fg, 81.70.Cv, 83.85.Vb

INTRODUCTION

The presence in austenitic steels of structure
elements such as martensite phases promotes the
formations of local zones with stress concentrations that
deteriorates the mechanical properties and corrosion
resistance of material. In the cooling system circuits of
steam generators, made of austenitic stainless steels, the
fluid motion can be of a turbulent character. In this
connection, there mechanical vibration loads arise and
increase the local concentrations of internal stresses. It
is known, that in some amplitude-time modes of high-
frequency loading (ultrasonic irradiation — USI) the
internal stress relaxation is realized that is evidenced by
the thermal resistance increase, tendency to the
irradiation embrittlement decrease [1, 2] etc. Earlier it
has been shown that in the process of cyclic high-
frequency loading of the austenitic steel containing
martensite phases the vibrational energy has a selective
character that realizes the relaxation processes at the
martensite-austenitic matrix interface [3]. It seems
expedient to investigate the mechanisms of
microstructure transformations by the high-frequency
mechanical loading of the austenitic steel with residual
martensite formed as a result of predeformation under
cryogenic conditions.

EXPERIMENTAL TECHNIQUE

The 06Kh16N15M3B stainless steel having an
austenitic-martensite structure formed by the drawing
deformation at 77 K (degree of deformation € = 17%) in
the device described in detail in [4] has been
investigated A volume content of the residual martensite
was not less than 10% [3]. The deformation was
performed after the austenization annealing at 1370 K
during 1 hour.

Exposition to USI at 300 K with the use of a
magnetostriction transducer (generator UZG-3-4) was
varying in the interval T from 1s to 5h. The intensity of
longitudinal ~ ultrasound  mechanical  vibrations
(frequency F =20.5 kHz) being constant and equal to
6 W/mm?® (amplitude A =~ 3um) has provided the cyclic
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stress level below the threshold value for the given
material [5]. The vibration amplitude was determined
optically and controlled with an electrodynamic
transducer.

To determine the structure state of the steel after the
high-frequency loading with different exposition, the
behavior of the electrical resistance, coercive force and
internal friction amplitude dependence (IFAD) was
analyzed.

The parameter p/p,, where p, and p is the electrical
resistance before and after USI at T = 77K, respectively,
was measured with a potentiometric circuit. The
magnetization-field characteristics M(H) were taken at
77 K in the closed magnetic circuit by the permeameter
principle, the magnetic field was orientated
perpendicularly to the sample axis [6]. The hysteresis
loops were used to determine the relative change of the
magnetic rigidity HJ/H', where HC and H. is the
coercive force before and after high-frequency loading,
respectively. The initial value of the coercive force was
H' = 22.5 kA/m.

The internal friction amplitude dependences (IFAD)
were measured with a reverse torsional pendulum at
room temperature (frequency f=0.3 Hz) before and
after high-frequency loading with exposition t=10 m
(tis chosen from the stages of relaxation processes
activated by USI [7].

RESULTS AND DISCUSSION

The 06Ch16N15M3B steel deformed by drawing in
the liquid nitrogen medium was a highly-dispersed
heterophase structure containing nanoinclusions of
martensite phases and a wide spectrum of crystalline
defects with a nonequilibrium concentration [3]. For the
initial (deformed) steel (Fig. 1) the absence of a distinct
internal friction amplitude dependence and low values
of IFAD damping decrement is characteristic that
evidences on the presence in the structure of excess
vacancies [8].
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Fig. 1. Internal friction amplitude dependence of the
06Kh16N15M3B steel preliminary deformed by drawing
at 77K (1) and subjected to the subsequent high-
frequency loading (2)

The formation of such a structure after deformation
provides in the material a sharply nonuniform relief of
residual internal frictions. One can see that the material
predeformed by drawing to 17% at 300 K has not a
martensite phase, and the parameter p’’/p,”’ changes
slightly during the subsequent USI. Also, note, that
according to the results of M(H) measurement after
different duration of high-frequency loading of samples
deformed at 77K, the volume content of the residual
martensite (not less than 10%) [3), is unchangeable.

Figs. 2 and 3 represent the dependences of the
parameters p/p,and H/H." of the 06Ch16N15M3B steel
after different duration of high-frequency loading. It is
shown that the change of the characteristics being
studied has a non-monotone behavior. After USI with
exposition T~ 1 s the parameters p/p, and H/H.’ behave
similarly: they sharply decrease and further increase
under USI exposure increasing to t~ 30 m. In the case
of longer USI expositions (to t~ 150 m) the attainment
of saturation for Hs/H.” and monotonic drop for p’’/p,’”
is observed.

The IFAD curves (see Fig. 1) shows that after USI
the critical amplitudes are practically unchangeable, i.e.
the changes are not observed in the characteristic
distribution of lengths of dislocation segments formed
in the process of low-temperature plastic deformation.
So, the amplitude mode of USI corresponds to the
before-threshold values when the mass multiplication of
dislocations is not realized. Moreover, after high-
frequency loading the IFAD enhancement is observed:
there the apparent critical amplitudes arise due to the
increase of pendulum oscillation energy dissipation as a
result of easier displacements of dislocation segments
and IFAD background increase.

To interpret the structure transformations, providing
a two-stage character of the relaxation process flow in
both the magnetic phase (martensite) and the
nonmagnetic phase (austenitic matrix), let us analyze
the obtained experimental data. The first response to the
external periodic perturbation (USI) of the nonuniform
nonequilibrium structure, formed by the preliminary
low-temperature deformation by drawing, is an
activation of the structure transformation processes in
the zones of high stress concentrations. Earlier, in the

case of USI with before-threshold amplitude values
under conditions of the grain boundaries “sharpening”,
reached by the temperature conditions of loading (in the
liquid helium medium of 4.2 K), the generation of
single dislocations in the local volumes adjacent to the
grain boundaries was observed [9]. It can be assumed
that such development of microplasticity in the
06Ch16N15M3B steel takes place near the martensite
phase-matrix interface and reveals in the change of
phase conjugation conditions. The last can be also
caused by the vacancy sink in the ultrasound field onto
the interfaces. As a consequence of changes in the
degree of coherence (phase conjugation conditions) with
the matrix the level of internal stress fields decreases
that is evidenced by the sharp decrease of p’’/p,”" and
Ho/H.® at short-time expositions (Figs. 2, 3).
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Fig. 2. Electrical resistance of the 06Ch16N15M3B
steel deformed by drawing at 77K as a function of the
subsequent ultrasonic irradiation time; a — c in the
expanded time scale
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Fig. 3. Coercive force of the 06Ch16N15M3B steel
deformed by drawing at 77K as a function of the
subsequent ultrasonic irradiation; a — c in the expanded
time scale

The induced magnetic anisotropy formation by the
ultrasonic irradiation is responsible for the magnetic
rigidity behavior. In the case under consideration
(dynamic mode) forced deflections of magnetization
orientations can occur in the volume of the single-
domain ferromagnetic phase [3] due to the
magnetoelastic  interaction with a free energy



@ ~ Mfiaien, where M is the magnetic moment; i —
tensor of piesomagnetic modules; o;— directional
cosines of M; eq— deformation tensor components [10].
Induced coupled magnetoelastic oscillations [11]
provoke the effects similar to the magnetic aftereffects.
For the induced magnetic anisotropy behavior,
evidently, responsible is the redistribution of point
defects (mostly, ultrasound generated vacancies) in
accordance with the magnetization direction in the
interior of martensite subgrains. And, because of the
vacancy generation under USI the diffusion coefficient
can vary [5, 12]. In addition, the diffusion acceleration
in the martensite phase under given USI conditions
occurs due to the interaction of the impurity atoms with
mobile edge dislocations and helical dislocation kinks
[13]. As a result, because of the vacancy generation
under high-frequency loading, the induced anisotropy
relaxation time will change.

As is noted above, for the material predeformed by
drawing at 300K, the changes in the parameter p’’/p,’”
after USI are insignificant. This means that during USI
the preferred activation of structure transformations take
place at the interfaces which, in our case, are the
martensite phase boundaries. Note, that in the process of
structure change an additional factor is the directed
diffusion of ultrasound-generated excess vacancies.
The IFAD measurement results show that the internal
friction background increase after USI (see Fig. 1) is in
accordance with the observed stage of slow decrease of
the electric resistance (see Fig. 2,a). This indicates on
the fact that additional factors, which influence on such
electrical resistance change, can be the processes of
dislocation cluster unblocking in the y-matrix,
dislocation redistribution and the nonequilibrium
vacancy migration to the sinks. Note, that such a
structure transformation under USI in the 15Ch2MFA
steel (hull plate) was observed earlier [2] using the
electron microscopy method. From the experimental
data obtained it follows that in the cryogenically
predeformed austenitic steel the behavior of dislocations
and excess vacancies in the field of mechanical
alternating stresses is determined by the effects of
interaction and self-coordination.

CONCLUSIONS

Character of changes in physical properties (electric
resistance, coercive force and damping decrement) of
the 06Ch16N15M3B steel deformed by drawing at 77 K
depending on the duration of the ultrasonic irradiation
with before-threshold amplitudes is studied.

1. The investigations results shows that the
behavior of relaxation processes in the structure of the
steel containing residual martensite, activated by the
ultrasonic irradiation, has a two-stage nature with
different relaxation times.

2. It has been established that the high-frequency
mechanical loading of the steel containing residual
martensite changes the degree of martensite phases-
matrix conjugation.

3. A role of dislocation and diffusion processes
activated by the ultrasound irradiation for equalizing the
internal stress field levels in the austenitic steel with
deformation martensite is determined.
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INPOIECCHI MUKPOIVIACTUYHOCTH IIPU BBICOKOYACTOTHOM
MEXAHUYECKOM HATPYKEHUH AYCTEHUTHOM CTAJIHA
C OCTATOYHBIM MAPTEHCUTOM

B.U. Coxonenko, A.B. Ilaxomos, O.HU. Bonuok, H.A Yepunax, B.C. Oxosum, B.B. Kanunoeckuii

[lpoBeneHo  SKCIEPUMEHTANLHOE  WCCIENOBaHME  Xapakrepa  M3MEHEHHs  (U3MYECKUX  CBOWCTB
(9J1€KTPOCONPOTHBIICHNS, KOIPLUUTHBHON CHJIBI, IEKPEMEHTA 3aTyXaHus ) Ae)opMHUpOBaHHOHN BostoueHueM mpu 77 K
aycreantHoi cramum 06X16H15M3B oT mpomomKHTENhHOCTH MOCIEAYIOMIETO YIBTPAa3BYKOBOTO BO3ICHCTBHS.
Y CTaHOBIIEHO, YTO MPOTEKAaHWE TPH 3TOM PEIAKCAIIHOHHBIX NIPOIECCOB B CTPYKTYPE C OCTATOYHBIM MapTCHCHUTOM
MMeeT HeMOHOTOHHBIN (IBYXCTaaUIHBIN) XapaKTep ¢ OTIMYAONMMUCS BpeMeHaMmH peiakcanuu. [lokazaHo, 9To
BBICOKOYACTOTHOE MEXaHHYECKOE HArpyXEHHE H3MCEHSCT CTEICHb CONPSDKCHUS MapTEHCHUTHBIX (a3 ¢ MaTpHIeil.
AHanm3upyeTcsi ponb AWCIOKAIIMOHHBIX W MU((Y3HOHHBIX IPOLECCOB IPH YIBTPa3ByKOBOM BO3ICHCTBHM B
BBIPAaBHUBAHWH YPOBHEH MOJIEH BHYTPEHHNUX HANPSDKCHUH B TETEPOT€HHBIX CTPYKTYypax.

MNPOLECHU MIKPOIIVTACTUYHOCTI TP BUCOKOYACTOTHOMY MEXAHIYHOMY
HABAHTAJKYBAHHI AYCTEHITHOI CTAJII 3 3AJIMIIKOBUM MAPTEHCUTOM

B.I. Cokonenxo, A.B. Ilaxomos, O.1. Bonuox, M.O. Yepnsax, B.C. Oxosim, B.B. Kanunoecokuii

[IpoBeneHO eKCHEPHMEHTANIbHE MOCTIIKCHHS XapakTepy 3MiHH (i3HYHUX BIacTHBOCTEll (enexTpooripy,
KOCPIMTUBHOI CHIM, JeKpeMeHTa 3aracanus) nedopmoBanoi BonouiHHsM npu 77 K aycrenitHol crami
06X16H15M3b Bin TpHBajOCTI MOJAIBIIOTO YIBTPAa3BYKOBOTO BIUIMBY. BCTaHOBIIEHO, IO MPOTIKAHHS MPH BOMY
penaKkcaliifHuX MPOLECiB y CTPYKTYPI i3 3aNUIIKOBMM MapTEHCUTOM MA€ HEMOHOTOHHHUH (IBOCTAIiMHUIT) XapaKkTep
3 BiAMIHHUM dYacoM penakcanii. ITokazaHo, 110 BHCOKOYACTOTHE MEXaHIYHE HArpy>KeHHS 3MIHIOE CTYIIiHb
CHOJIyYEHHS! MapTEHCUTHUX (a3 3 MaTpuielo. AHANI3YEThCS POJIb AUCIOKALIMHUX 1 AMQY3iHHUX NPOLECciB NpU
yIbTPa3BYKOBOMY BIUIMBI Y BUPIBHIOBaHHI PiBHIB II0JIiB BHYTPILIHIX HAIPYXXEHb Y TETEPOTeHHUX CTPYKTypax



