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Abstract. The paper is devoted to correlation dependences of ultrasound velocity with characteristics of strength and plasticity in uniaxial tension
of Fel8Cr10Ni austenitic stainless steel with a unique set of physical and mechanical properties. Such a successful set of mechanical properties is
provided by dislocation slip and twinning, the formation of stacking faults, and martensitic transformation. It should be noted that the assessment
of changes in the mechanical characteristics of metals (especially at low temperatures) is a very laborious task and requires the use of non-destructive
control methods. Experimental data was obtained using a bench designed to synchronize with recording of the “stress — strain” diagram for determining
the values of ultrasound velocity propagation and the attenuation coefficient of the ultrasonic wave as a function of deformation. Measurement
of ultrasound velocity propagation was reduced to determining the time of passage of an ultrasonic Rayleigh pulse between transmitting and receiving
transducers. Attenuation was determined from the change in pulse shape. The pulses were excited by a piezoelectric transducer at a frequency of 5 MHz.
The authors experimentally studied static loading effect on acoustic characteristics and calculated the destruction parameters. The propagation
ultrasound velocity in deformable material is an informative feature for analyzing the nature of the processes that control plasticity. The effect of test
temperature in the range 180 K < 7'<320 K on acoustic and mechanical characteristics of the steel was studied to ensure control of its structural state
and mechanical properties by means of non-destructive testing. The temperature range was chosen taking into account the possibility of direct y — o’
martensitic transformation.
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AHHOmayusa. B pabote mccnenoBaHBl 3aBUCHMOCTH MEXKIY CKOPOCTBIO PACIPOCTPAHEHHUs YIBTPAa3ByKa M MEXaHHYCCKHMH XapaKTePHCTHKAMHU
B IIPOLECCE OJHOOCHOIO PACTSHKEHMSI AyCTEHUTHOH Hepxkasetomied cramu mapku 12X18H10T, oOGnanaromieil yHHKanbHBIM KOMILIEKCOM
(hH3UKO-MEXaHMYECKHX CBOMCTB, BKIIOYAs BBICOKHE MOKA3aTEIN IPOYHOCTH, INIACTUYHOCTHU, YHAPHOH BA3KOCTH M XJIAJOCTOHKOCTH. JlaHHBIH
KOMIITIEKC (DU3HKO-MEXaHMYECKUX CBOMCTB obecreunBaeTcs Onarojaps HEHCTBHIO pa3AMYHBIX MEXaHM3MOB IUIACTHYECKOH Aedopmanun
(IMCIOKALIMOHHOE CKOJIbKEHHE/ABOMHNKOBaHHE, oOpa3oBaHue Je(eKTOB yNakoBKM, MapTeHCUTHOE mpespaiienue). Crexyer OTMETHTb, 4TO
OIICHKA M3MEHEHHS MEXaHMYECKUX XapaKTEePHCTHUK METa/LUIOB (OCOOCHHO IpU HU3KHX TEMIIEpaTypax) sBIAETCS BechbMa TPYNOSMKOH 3ajgadeit
n TpeOyeT NPUMEHEHUsI HepaspyIIAIOLIMX METOA0B KOHTPOJS. DKCHEPUMEHTAbHbIE PEe3ylbTaThl ObUIM IOTYy4YEHBI C IOMOLIBIO CTEHJA,
IpEIHA3HAYCHHOTO UL CHHXPOHH3UPOBAHHOTO C 3aIlHCBI0 JHArpaMMBbl HAaIpsHKCHHE — Ae(opMalus OnpeneIeHnust CKOPOCTH PacIpOCTPaHCHHS
YJIBTpPa3ByKa 1 ko3 puIneHTa 3aTyXaHus yIbTPa3ByKoBOH BOIHEI Kak QyHKIumi nedopmaruu. [Iponenypa u3sMmepeHus CKOpOCTH PacpOCTPaHEHHs
YJIBTpa3ByKa 3aKII0YaeTCs B (PUKCHPOBAHUH BPEMEHHU IPOXOKACHUS YIBTPa3ByKOBOIO PAICEBCKOT0 HMITY/IECA MEXK/Y HEepeJaloluM 1 IIPUEMHBIM
npeoOpasoBaTessIMU. 3aTyXaHUE YIbTPAa3ByKOBOH BOIHBI BBIYMCIACTCS MO M3MEHEHHIO (OPMBI ITOr0 HMIynbca. MMmymbesl Bo30yKmaroTcs
bE303JIeKTPUYECKHM IpeobpasosaTesieM Ha yactore 5 MI'n. MccenenoBano H3MEHEHNE aKyCTUYECKHX XapaKTEPUCTUK B YCJIOBUAX CTaTHYECKOIO
Harpy KeHHs H PaCCUUTaHbI KPDHTHYECKHUE IIapaMeTpBI IIepexoia MaTepHala B IeCTpyKTUBHOE cocTossHUe. CKOPOCTh PaCIPOCTPAHEHHS PAIEEBCKUX
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VIBTPa3BYKOBBIX BOJIH HETMIOCPE/ICTBEHHO B XOJI€ HATPYKEHHUS MaTepHasa sBIsieTCss MHYOPMATHBHBIM PH3HAKOM JIJISl aHAJIN3a IIPUPOJIBI ITPOLIECCOB,
KOHTPOJMPYIOIIUX IUIACTUYHOCTh. OOHAPYKEHO BIIMSHUE TEMIIEPATyPhl UCTIBITAHUN HA aKyCTHYECKHE M MEXaHHYECKHE XapaKTEePUCTUKH CTaJIH.
Hccenenyemsiit remneparypubiii uaTepsan 180 K < 7'<318 K BbiOpaH ¢ y4eToM BO3MOXKHOCTH PEAI3ALMU B CTAIIU IPSIMOTO Y — 0’ MAPTEHCUTHOTO

MIPEBPALIEHHUS [IPU PACTHKEHHUH.
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- INTRODUCTION

The level of safety in critical objects in atomic power
engineering, aircraft, shipbuilding, oil and gas, as well
as other industries depends significantly on the effect
of resource depletion of design elements of equipment
inthe operation of structural materials. Therefore, the criti-
cal state of material must be forecast, and the physicoche-
mical properties must be monitored before any breaches
of its integrity, as well as actual technical state of critical
design elements using non-destructive tests. Promising
methods of assessment of properties of metals include,
inter alia: ultrasound control of material state [1 — 3]
exposed to plastic deformation. It is particularly impor-
tant to study the effect of structural changes on acoustic
parameters before the formation of macroscopic cracks.
The main factor which significantly influences acoustic
parameters is the change in the microheterogeneity upon
deformation of materials. These deformations are related
to changes in parameters of dislocation structure, density
of vacancies, accumulation of micropores and micro-
cracks, inter alia. All these processes influence the rate
of ultrasound propagation. This parameter is widely
used in the diagnostics of material state [4 — 7]. As pre-
viously shown [8 — 10], the change in velocity of ultra-
sound waves is non-monotonous. In [8] the interrelation
between ultrasound velocity and mechanical properties
was exemplified by high chromium steel. Regularities
of changes in velocity of ultrasound propagation upon
variation of composition, structure, and state of metals and
alloys were detected and described in details in [11 — 13].
At the same time, the temperature dependences of ultra-
sound properties must be studied. This includes the range
of lower temperatures, since the published data is insuf-
ficient [1 — 7].

This work determines the propagation velocity
of ultrasound waves V, and the attenuation coefficient
o, as a function of total deformation before destruction.
It also examines ultimate strength in wide temperature
range for austenite stainless steel, grade 12Kh18N10T.

- EXPERIMENTAL

The experiments were carried out using crystallites
of austenite stainless steel 12Kh18N10T with a grain size

of about 12.5 pm. Flat samples with an operational sur-
face area of 40x5%2 mm were exposed to uniaxial ten-
sion using an Instron-1185 testing machine at a constant
deformation rate of 3.3-107* s~!. The temperature of tests
in the range of 180 K <7<320 K was preset by pur-
ging the working chamber containing deformed sample
with nitrogen vapors from Dewar flask, and controlled
by Cr/Al thermocouple. The junction was in contact with
the sample [14]. The selected temperature range took
into account the possibility of achieving forward y — o
martensitic transformation in steel [15 — 18].

As the loading curves on the testing rig were mea-
sured, the propagation velocity of the Rayleigh sur-
face waves was also measured [19]. The pulses were
excited by a piezoelectric converter at a frequency
of 5 MHz. The measurement error did not exceed +3 m/s.
The experimental data was processed using the conven-
tional method of statistic analysis. The applied testing rig
allowed the information about standard material proper-
ties obtained in the course of mechanical tests to be sig-
nificantly supplemented. These properties were: yield
stress, ultimate strength, and coefficient of deformation
strengthening. These properties are conditional, reflect
weakly the nature of properties running in solids upon
deformation and are unrelated to the existing dislocation
mechanisms of strengthening [20].

[ RESULTS AND DISCUSSION

The tension diagrams in the conditional coordinates
of stress (o) — strain (g¢) of steel 12Kh18N10T covered
the regions of elastic, plastic deformation and destruc-
tion. Then the diagrams were replotted in the coordinates
of true stresses (S) — true strains (e) [20] and in the func-
tion S(e'?) with the detection of the bending points on them
(Fig. 1, a) located between the yield stress and the ulti-
mate strength. These critical points indicate transition
from elastic plastic to plastic destruction stage of defor-
mation. This is interrelated with accumulation of micro-
damages in steel. The critical point D in the diagram
corresponds to the stress S, and the strain e, (Fig. 1, b).
They can be considered critical parameters for provision
of maximum operability of metal in the considered tem-
perature range.
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Fig. 1. Loading diagrams S(e'?) at temperatures
334, 318,297,270, 254,227,211 and 180 K (1 — &) (@)
and at a temperature of 211 K (b)
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Fig. 2, a illustrates dependences of deformation
strength properties corresponding to the point D: S, (e,,)
(curve 1), S, (T) (curve 2) and e, (T) (curve 3). The tem-
perature dependences of deformation strength properties
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demonstrate an extreme pattern. For all points D the criti-
cal parameter A=9,/5 can be calculated (where 6 is
the elastic plastic constituent in relative elongation betfore
rupture. &, is the plastic destruction constituent in rela-
tive elongation before rupture) (Fig. 1, b).

Fig. 2, b combines the diagram S(e'?) (curve /) and
measured velocities of ultrasound propagation V(e!?)
(curve 2), as a function of total deformation. Point D
is also shown corresponding to the critical ultrasound
velocity V.. A decrease in the testing temperature during
tension of steel samples leads to an increase in the den-
sity of defects and growth of martensitic phase. Thus, as
a consequence, in leads to an increase in local stresses
(stresses of the 2" kind). All this is reflected by a decrease
in the ultrasound velocity with an increase in total defor-
mation and acting stresses. Achievement of the ultra-
sound velocity V=V, at the considered temperatures
indicates transition from elastic plastic to plastic destruc-
tion stage of deformation.

The processing of changes in the velocity of ultra-
sound propagation at various temperatures for fixed
values of total plastic deformation allowed linear pat-
tern of V(T) dependence with the correlation coefficient
R =0.97 to be established. With a decrease in the testing
temperature in the considered range, the change in ultra-
sound velocity reaches 20 % in the non-deformed sample,
and 15 % in the deformed sample (at total deformation
of 0.3), in comparison with the ultrasound velocity
in the non-deformed material at ambient temperature.

Fig. 3, a illustrates temperature sigmoidal depen-
dences of the coefficient of ultrasound attenuation o(7)
(curve 1), corresponding to the point D, and the critical
parameter A(7) (curve 2). It was also established that
in the deformable samples, the coefficient of ultrasound
attenuation as a function of ultimate strength o(c,) is
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Fig. 2. Temperature dependences of deformation-strength characteristics corresponding to the critical point (a) and diagram S(e'?) (1)
and the change in ultrasound velocity V(e'’?) (2) with an increase in total deformation at a temperature of 318 K (b)

Puc. 2. TemnepaTypHbIe 3aBUCUMOCTH Je()OPMAIIHOHHO-TIPOYHOCTHBIX XapaKTEPHUCTUK, COOTBETCTBYIONIUX KPUTHUECKOH TOUKe (a),
a Taxoke auarpamma S(e'’?) (1) u usmenenue ckopocTu yasrpassyka V(e'?) (2) ¢ poctom obuieii nedopmanuu npu Temueparype 318 K (b)
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Fig. 3. Temperature dependences of the attenuation coefficient of ultrasound (/) and the critical parameter A (2) (a);
dependences of the attenuation coefficient a (3) and ultrasound velocity V' (4) on the strength limit 6, (b)
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of sigmoidal shape (Fig. 3, ). However, the ultrasound
velocity as a function of ultimate strength V(o) is linear
in the temperature range considered. Stresses correspon-
ding to the maximum rate of increase in volumetric frac-
tion of martensitic o’ phase and decrease in the ultrasound
velocity were determined.

Mechanical uniaxial tensile tests of steel samples
demonstrated that a decrease in the testing temperature
results in an increase in yield stress. The ultimate strength
against the background of plasticity decreases. The linear
pattern of the ultrasound velocity as a function of ulti-
mate strength V(c,) is probably stipulated by the func-
tional interrelation of the ultimate strength o with elas-
tic properties of steel. Since the velocity of transversal
ultrasound waves is V' = (G/p)"? (where G is the modulus
of shift; p is the density), then the difference of the elas-
ticity moduli of increasing martensitic phase upony — o’
martensitic transformation during plastic deforma-
tion [15] from the moduli of steel matrix leads to changes
in elastic and acoustic properties of overall alloy.

Therefore, on the basis of velocities of ultrasound
propagation and the attenuation coefficient, it is possi-
ble to forecast ultimate strength and maximum operabi-
lity of a considered metal at low temperatures. It is thus
assumed that fulfillment of the condition e < e, indicates
that the current deformation corresponds to the elastic
plastic constituent & _and A — 0. This is as a consequence
of fabrication or operation of the item A # 0, which is evi-
dence that the material is already operating in the plastic
destruction stage.

[ ConcLusions

The study determined that tension of samples of aus-
tenite stainless steel, Grade 12Kh18N10T, in the tem-
perature range of 180 K < 7<320 K leads to significant

changes in ultrasound velocity. The temperature depen-
dences of ultrasound velocity, attenuation coefficient,
yield stress and ultimate strength were established.
The critical parameters of transition from elastic plastic
to plastic destruction stage of deformation were deter-
mined. The correlations between the parameters provide
evidence that it is possible to obtain regression depen-
dences between them, and this can be used for recovery
of one property on the basis of other determined experi-
mentally. Among all such pairs of dependences, of most
practical interest are the interrelations between the pairs
of mechanical and acoustic parameters. Since measure-
ments of the latter is less labor-consuming, they can be
measured directly on analyzed element during operation
without destruction, and the experiments do not require
fabrication of samples.
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