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Summary. The parameters of the deformation of AMg6 alloy diagram under conditions of uniaxial
tension were studied, taking into account the areas of material strengthening. The dependence of the change in
magnitude of deformation occurring after jump-like increments in deformation caused by the destruction of
dispersed phases in this alloy was revealed. A method of taking into account the revealed regularities in predicting
the general deformation of AMg6 alloy based on the histogram of distribution of dispersed particles in the material
is proposed.
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Formulation of the problem. AMg6 alloy, due to its low specific mass and high
resistance to destruction under static, cyclic and dynamic loads, good corrosion resistance and
manufacturability, successfully competes with steels, titanium and its alloys. It is widely used
in aircraft and shipbuilding for the production of load-bearing structures, parts and hardware.
Therefore, the study of the mechanical properties of this material, namely deformation
diagrams, is relevant.

Analysis of available research. A number of structural materials are characterized
by a jump-like nature of deformation growth [1, 2, 3]. One of such materials is aluminium
alloy AMg6. Previous studies [4, 5] showed that the plastic deformation of the AMg6 alloy
is accompanied by jump-like increments. The jump-like deformation of AMg6 alloy under
conditions of uniaxial tension is described in [6], where the author indicated the possibility
of connection of this process with the size and distribution of dispersed phases in this
material. The total deformation of jumps exceeds all other deformation by 5-10 times. The
creation of a model for predicting jump-like deformation under conditions of static and
time-varying load makes it possible to improve the existing calculations of structural
elements made of AMg6 alloy. Studies of microstructure of AMg6 alloy cited in [6, 7]
revealed the presence of dispersoids in the matrix, stretched in the direction of rolling,
which are destroyed during plastic deformation of the material. Thus, the AMg6 alloy at the
micro level can be considered as a composite material [8], where the role of fibers is played
by dispersoids stretched in the direction of rolling.

Objective of the research. This paper aims to identify the deformation patterns of
AMg6 alloy under conditions of uniaxial tension in the regions of jump strain hardening and to
apply these patterns in the model for predicting the deformation diagram based on the histogram
of dispersoids distribution of in the alloy matrix.

Statement of the problem. In the research, the change in the nature of deformation in
the areas of stress increase between instantaneous increases in deformation is analyzed. It is
suggested to use the obtained dependencies in the method of predicting the general deformation
of AMg6 alloy.
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Characteristics of the deformation diagram of AMg6 alloy

The mechanical characteristics of smooth cylindrical aluminium alloy AMg6 specimens
were studied on the STM-100 servo-hydraulic machine at the temperature of 293 K [4]. The
tension was carried out at the rate of increase of conditional static stress ¢ =1.6 MPa/s.

Tensile deformation of AMg6 alloy under mild loading conditions is accompanied by
intermittent flow (jump-like deformation), which is recorded graphically in the form of «steps»
on the deformation diagram Ag(ou) (Fig. 1).

Figure 1. Diagram of deformation of AMg6 alloy under quasi-static tension in the mild type loading conditions

As the stress op(ai) increases, the jump deformation (the width of the “step” on the
tensile diagram) increases. The area of jump-like increase in deformations under a mild type of
loading is characterized by: the stress at the beginning of the jump process o, the increase in
stress between jumps A, the proportionality coefficients in these areas E; and the deformation

of the jump Ag(ou) under the corresponding stress op(ai). The symbol i defines the class of
dispersoids that are destroyed in the process of elastic deformation of the matrix.

Aluminum alloy AMg6 can be considered as a composite material with a viscous base
and brittle inclusions [9, 10]. Then the dispersoids in the AMg6 alloy play the role of obstacles
in the way of dislocations and contribute to the accumulation of dislocation cloud around them.
At the appropriate value of the load parameter, brittle inclusions are destroyed and the
accumulated dislocation cloud is dispersed. The process of cracking of dispersoids and dispersal
of the dislocation cloud is accompanied by a corresponding increase in plastic deformation — a
deformation breakdown, which is accompanied at the micro level by the intensification of
deformation in the sliding planes and (or) the initiation of sliding along new systems. When
dispersoids of the same size are destroyed in the material, an instantaneous increase in plastic
deformation occurs, which depends on the number of destroyed dispersoids n(ai) and the
mechanical characteristics of the material.

The entire tensile process within the limits of o5t is an alternation of linear sections
and instantaneous increments of deformation, i.e., an alternation of material strengthening
and weakening processes. The relationship between the amount of instantaneous
deformation increments and the corresponding maximum tensile stress was described in the
article [6] (Fig. 2).
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Figure 2. Dependence of the value of instantaneous strain increments on the stress level during
stretching of AMg6 alloy specimens. Different symbols correspond
to 12 specimens tested under the same conditions

According to the results of the experimental studies, the change in deformation
parameters in the areas of material strengthening was analyzed, namely, the coefficient of
proportionality between the deformation Aee; and the stress Aci in the strengthening area E; .
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Figure 3. Dependence of the proportionality coefficient on the value of
the fracture stress of inclusions op(ai)

On the deformation diagram, these sections are characterized by a linear dependence
and the parameters can be determined according to the formula:

E =—L, 1
" Ace, @

Changes in the coefficient £/ depending on the stress value op(cti) tends to decrease. This

is accompanied by an increase in deformation Aege; until the next instantaneous increase in the
deformation. Dependence of £ on the value of inclusion fracture stress op(ai) is revieled by

the following formula:

E/(o,(@))=K+L-o,(a), where K=1,2610% L=-9,1. )
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Under the conditions of uniaxial tension of the material at the controlled stress, the
total deformation of AMg6 alloy consists of the elastic component &el, plastic deformation
epl to the stress of the beginning of the jump-like deformation ost, instantaneous Ag(ci) and
linear Aee; strain increments on the stepped section of the deformation diagram in conditions
of mild loading type.

The dependence of the elastic strain on the yield strength can be described by
Hooke's law:

o
calo)= . ©
Respectively, after the stress ooz, the total elastic deformation subject to Hooke's
law:
o
gel = i 1 (4)
E

On the area of elastic-plastic deformation up to o5, the growth of plastic deformation is
satisfactorily described by a power law:

€, (O-): C- (O- ~Op2 )ng : )

where C, ne are the constants of the material.
Accordingly, after stress o, the increase in plastic deformation before the start of jump-
like deformation is:

n

£,=C(og—0p)", (6)
where C, n are the constants of the material.

When the stress exceeds the value o5, jump-like increases in deformation Ag(o)
occur, which can be determined by machine learning methods [11, 12] depending on a. [13,
14, 15].

Between the jumps, the deformation increases Age; according to formula (1) taking
into account the dependence (2) of the proportionality coefficient Ei'(ap (ai)) is:

Age —L
" K+Loo, () Q)

Thus, in accordance with dependencies (1)—(5), under uniaxial tension, the deformation
at o>ast occurs according to the formula:

6‘(0‘) =g, +e&,+ Ag(ai ) + Acge, . (8)

The characteristics and constants used in formulas (1)—(7) for the AMg6 alloy at a
temperature of T=293 K are given in the table.
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Table

Characteristics and constants used for calculation of tensile strain of AMg6 alloy

E,MPa | co2, MPa | os, MPa | C, (MPa)™ Ne K L

0.7410° 175 235 2.91012 4.2 1.26:10* -9.1

Conclusions. The regularities of the course of jump-like deformation in
the strengthening sections under the conditions of uniaxial tension of AMg6 alloy at
the mild type of loading are revealed. The calculation dependence of the amount of
deformation increases on the size parameter of disintegrating dispersed phases was
obtained. A method for calculating the jump deformation of the AMg6 alloy at T=293 K
based on the use of the histogram of the distribution of dispersoids of the material in its
initial state is proposed.
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YK 539.3
XAPAKTEPUCTHUKU JIATPAMU JE®OPMYBAHHS CIIJIABY AMr6
Cepriiit ®enak; Ouer SAcniii; Ipuna dinny; Hagis Kpusa

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Peztome. Mema pobomu — eusgienus 3axoHomipnocmetl Oepopmyeanns cniagy AMe6 6 ymosax
00HOBICHO20 pO3MAY HA OLIAHKAX 3MIYHEHHS CmpUudKonodionoi depopmayii. Ockinvku anominiesuii cnias AMa6
PO3210AEMbCA AK KOMNOZUMHUL Mamepiai i3 8 A3K010 OCHOB0I0 MA KPUXKUMU BKIIOUEHHAMU, MO GUKOPUCTNAHHA
YUX 3aKOHOMIpHOCIMEU Y MOOIAX NPOSHO3Y8ANHs diazpamu degopmayii 30iUCHIOEMbC HA OCHOBI 2icmozpamu
PO3n00iny oucnepcoioig y mampuyi cniasy. Ilosna diacpama depopmysanis cnaagy AMe6 6 ymosax 00H08icH020
pO3mA2Y CKAA0AEMbCsL 3 OLISIHKU NPYICHOI Oedhopmayii 00 HANpydsICenHs Ovz, HACMYNHOI HENIHIUHOI OLNAHKU 00
HANPYICEHHSA Ocm, A MAKOJC NOUEP2OGUX OLIAHOK CMPUOKONOOIOHOI Oedhopmayii ma OiNAHOK 3MIYHEHMHSL.
Haiibinbuy cknaonicme y mooeniosani 00H0GICHO20 po3mszy CKAA0AE NPOMINCOK IO Oun 00 pyliHyeanHsa. [Joopi
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pe3ynbmamu 6 NpO2HO3Y8anHI Oepopmayii enunuHy cmpudKa ma HanpysHceHHs 1020 iniyiayii 0ae BUKOpUCMAHHA
Memooi8 MAWUHHO2O0 HAGYAHHA. [[1A NpPOcHO3Y8AHHA NOGHOI deghopmayii npu OOCASHEHHI HANPYHCEHHSA Ocm
HeOOXIOHUTl ananiz OLIHOK 3MiyHeHHs. Ha ocHOGI npogedenux excnepumMeHmanibHux O0CHiONCeHb NPOBEOeHO
ananiz sminu xapaxmepy Oegopmayii Ha OUIAHKAX NPUPOCHY HANPYICEHb MIdC MUMMEGUMU NPUPOCMAMU
Odegopmayii. Busasneno 3anexcuicmo 3miHu genuuunu Ooeghopmayii, wo 6i00ysaromvcs nicis cmpubKonooioHux
npupocmis degpopmayii, CRpUHUHeHUX PYUHYBAHHAM OUCNEPCHUX a3 y oaromy cnaasi. OmpumaHo po3paxyHKo8y
3aNeNHCHICMb BeNUYUHU NpUpocmie degpopmayii 6i0 napamempa posmipy OUCnepcHUx Gas, wo pyuHyIomvcs 8
mampuyi mamepiany. 3anponoHoéaHo 8paxoeyeamu yi 3MiHU AK JIHIUHY 3d7edcHicmb  Koegiyicnma
nponopyitinocmi mixc Oeopmayiero ma HANPYI’CEHHAM HA OilAHYI 3MIYyHeHHA 6i0 pO3MIpPY 3PYUHOBAHUX
skmouens. Bussneni sakonomipnocmi nepebicy cmpubxonoodibnoi oegpopmayii Ha OiAHKAX 3MIYHEHHS 8 YMOBAX
00HoBicHO20 po3mazy cniagy AMe6 3a m’akoeo muny HA8AHMANCYSAHHA BUKOPUCMAHO 6 3aNpONOHO8AHIl
Memoouyi po3paxyHky odiazpamu 0e@opmyeanHs Ha OLISIHKAX cmpubKkonodionoi depopmayii cnaagy AMe6 npu
T=293 K, axa rpynmyemucsi Ha 6UKOPUCMAHHI 2iCMO2pamu po3nooity oucnepcoioie mamepianry 6 nepeicHOMY
cmawni. s memoouxa modice 6ymu UKOPUCMAHA MAKodiC OJisk NPOSHO3Y8AHH CMPUOKON0JIOHOI depopmayii 6
yMmosax nogzyuocmi cniagy AMe6.

Knwuosi cnosa: mexawiuni xapaxmepucmuixu, amioMiHiesi cniasu, cmpubkonodiona odegopmayis,
diazpama 0epopmyBaHHs.
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