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RESUMO

Sob a influéncia de um campo magnético constante, ha uma deformagéao das particulas sélidas. Esses
processos no futuro levam a destruicdo. Portanto, os autores investigaram esses processos em mais detalhes.
Ao estudar a fluéncia das amostras, foi utilizada uma maquina do tipo alavanca. Durante as medigbes (em
temperatura ambiente) simultaneamente com a aplicagao da carga (realizada por etapas), um alongamento da
amostra foi registrado com um micrémetro (escala de 10 ym), em cada estagio de carregamento. O
equipamento de teste forneceu uma carga constante durante a medi¢do, bem como carga e descarga suaves.
Com base nos experimentos realizados, verifica-se que o rastejamento aumenta sob o campo magnético
estavel; os principais recursos aparecem no primeiro estagio de fluéncia. Assim, a exposicao preliminar de
amostras em um campo magnético constante (com inducéo B = 0,7 T por 30 minutos a temperatura ambiente)
leva a um aumento na deformacao absoluta da liga de aluminio para 35%. As constantes de deformacao do
material sdo também determinadas sob condi¢cdes de "fluxo-B". Um aumento na constante de deformacdo do
material no primeiro estagio de fluéncia foi determinado 6 vezes maior. A investigacdo desses processos
ajudara a prever a dependéncia do tempo da deformacgéao por fluéncia e sua taxa, bem como a durabilidade € a
plasticidade na destruicéo.

Palavras-chave: Ligas de aluminio, ensaios mecénicos, imas de neodimio, forgca estatistica, rede cristalina.
ABSTRACT

Under the influence of a constant magnetic field, there is a deformation of solid particles. These
processes in the future lead to destruction. Therefore, the authors investigated these processes in more detail.
When studying the creep of the samples, a lever-type machine was used. During the measurements (at room
temperature) simultaneously with the application of the load (carried out by steps), an elongation of the sample
was recorded with a micrometer (division price 10 um), at each loading stage. The test rig provided a constant
load during the measurement, as well as smooth loading and unloading. Based on the performed experiments,
it is found that creeping increases under stable magnetic field; the main features appear at the first creep stage.
Thus, preliminary exposure of samples in a constant magnetic field (with induction B = 0.7 T for 30 minutes at
room temperature) leads to an increase in the absolute deformation of the aluminum alloy to 35%. The material
deformation constants are also determined under "B-flow" conditions. An increase in the material deformation
constant at the first stage of creep was found to be more than 6 times. Investigation of these processes will help
to predict time dependence of creep strain and its rate as well as durability and plasticity at destruction.

Keywords: Aluminum alloys, mechanical tests, neodymium magnets, statistical force, crystal lattice.
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AHHOTALUA

Mog pencTBMEM MOCTOSIHHOMO MarHUTHOIO MOMs MpoucxoouT AedpopMauus TBepabiX 4Yactuy. IOTu
npouecchl B Oyayliem NnpMBoasT K pa3pyLieHuto. [NoaTomy aBTopamu 1 O6binv MccnegoBaHbl 3Tu npouecchl. [Npu
N3y4yeHnn nonsyyectn obpasLoB MCNONb3oBanach pblyaxHas mawunHa. Bo Bpems namepeHun (Mpu KOMHaTHOM
TemnepaType) OOHOBPEMEHHO C MPMMEHEHMEM Harpysku (BbIMOSTHAEMOW CTYMNeHsiMW) yasfiMHeHue obpasua
pPeErncTpnpoBarnocb MMKPOMETpPOM (ueHa geneHust 10 MKM) Ha Kaxgon ctagum 3arpysku. McnbiTatenbHas
ycTaHoBKa obecneymBana NnoCTOSHHYO Harpy3ky BO BpeEMsi USMEPEHUS, a Takke NaBHY 3arpysKy 1 pasrpysky.
Ha ocHoBaHMM NpOBEAEHHbIX 3KCMEPMMEHTOB YCTAHOBMEHO, YTO Mpyv CTabuMbHOM MarHUTHOM Mone
YyBEMMUYNBAETCS MOMN3YYeCTb; OCHOBHbIE (PYHKLIMM NOSABNSAOTCA Ha NepBOM CTagum nondydectn. Takum o6pasom,
npeaBapuTenbHas 3KCno3uLmsa obpasLoB B MOCTOSHHOM MarHMTHOM none (¢ nHaykuven B = 0,7 T B TeueHue 30
MUHYT NPU KOMHATHOM TemnepaTtype) NPUBOAUT K yBenuyeHuto abcontoTHou AedopmMaumu antoMUHUEBOTO
cnnaea Ao 35%. KoHcTaHTbl gedopmauum matepvana Takke OnpefensioTcs B YCIOBUSIX «[B-MOTOKa».
YBenuueHme KOHCTaHTbl AedopMaunm maTepuana Ha nepBov ctagum nonsyyvectu 6bino 6onee yem B 6 pas.
VMccnegoBaHve aTuxX NpoLEeccoB MNOMOXET NpeAcka3aTb BPEMEHHYK 3aBMCMMOCTb AedopMauumn non3yvyectu u
€e CKOpOCTW, a Takke JONTOBEYHOCTb U MAACcTUYHOCTb NPY paspyLUeHNN.
KnioueBble cnoBa: anwoMuHuesble Ccrasbl, MexaHUYecKue UucrblimaHusi, HeoOuMOo8ble MagHUMmMbI,
cmamucmud4eckasl cusna, KpucmariiuJyeckasi peuwemka.

INTRODUCTION was considered in (Alshits et al, 2003;

Recently, active studies of the behavior of
a solid in a magnetic field have been carried out.
The paper describes the effect of magnetic fields
on a solid body, which leads to its deformations
(Smirnov et al, 2001; Velikhanov, 2014).
Magnetoplastic effects (MBE) are dynamic
effects, and the magnetic field affects the motion
of dislocations. In many cases, parts and
components of machines and structures of
modern power plants, electromagnetic devices,
vehicles, recording and reproduction devices,
measuring and scientific instruments, etc. work
under the conditions of imposing permanent or
alternating magnetic fields (MP) of varying
intensity. In connection with this knowledge of the
behavior of the mechanical characteristics of
magnetic and non-magnetic materials in the
presence of such fields is of great practical
importance (Tyapunina et al., 2003). Knowledge
of the physical regularities of the manifestation of
MPE allows to create also new technological
methods for  controlling the mechanical
characteristics of solid materials (Makara et al.,
2001).

The effects related to the residual
changes initiated by static MF are of considerable
practical interest. At present the effect of pre-
exposure to MF on metal plasticity is known (Li et
al., 2014). A change of retardation of dislocations
by magnetic-sensitive stoppers as a cause of
metal softening after their pre-exposure to MF

Morgunov, 2004; Skvortsov et al., 2015; Li et al.,
2014). There are also a lot of works connected
with magnetically stimulated processes in the
crystallization of aluminum alloys (Ran et al,
2005; Kang et al., 2017), as well as the influence
of permanent magnetic fields on the mechanical
properties of other metals (Morgunov, 2004
Alshits et al., 1994; Kang et al., 2017).

However, the performed experimental
studies did not cover a wide range of the
mentioned effects concerning aluminum and its
alloys. There are no experimental results on the
effect of static MF on creep of aluminum and its
alloys Al-Mg-Si.

Therefore the objective of the present
work is experimental investigation of the influence
of pre-exposure to MF of aluminum alloys on the
processes of their creep.

MATERIALS AND METHODS

The experiments were carried out using
various loads on aluminum alloys under the
influence of constant magnetic fields. At the same
time, the authors justified the absolute
deformation.

A magnetic field was created between
poles of neodymium magnets. The exposure time
ranged from 5 min to 120 min. Creep analysis
was carried out on a test rig with a lever load
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system under conditions of normalized force
during mechanical testing at room temperature.

For the experiments, we used standard
flat aluminum samples with a width of 3.0 mm in
working section and a length of fo= 80 mm, which
were cut from an aluminum strip 2 mm thick.

When studying the creep of the samples,
a lever-type machine was used. During the
measurements (at room temperature)
simultaneously with the application of the load
(carried out by steps), an extension of the sample
was recorded with a micrometer (division price 10
um), at each loading stage. The test rig provided
a constant load during the measurement, as well
as smooth loading and unloading.

Special studies have shown that the main
changes occur during the first 10 minutes of
exposure in the MF. Further, the observed
changes are practically independent of the
exposure time. That is why in the work the time of
the samples’ exposure to a magnetic field was 30
minutes and always happened at room
temperature (Zhan et al., 2016).

RESULTS AND DISCUSSION:

When a statistical force acts on a solid
body, it soon leads to its destruction (Batalha et
al., 2014). It is known (Batalha et al., 2014) that if
static stretching force acts on a solid, then its
crystal lattice will counteract to the applied force.
Macroscopically this will be observed as
deformation (and subsequently destruction)
(Skvortsov et al., 2001).

Metal creep can be described with a creep
curve Af(f) (Figure 1, inset). A deformation Af,
appears at loading and involves both plastic and
elastic components (Garofalo, 1968). At the
deformation curve piece Af;...Af, (Figure 1, inset)
creep rate is insignificantly changed. A practically
steady state is observed here. This curve piece is
referred to as the second creep stage.

After deformation Af,, the third creep
stage comes. The creep rate is gradually
increasing  until  destruction  occurs  (at
deformation A#; and in the corresponding time t;).
Therefore the creep curves of aluminum alloy
were registered only at the first and second creep
stages.

Flat samples (length £,= 80 mm, width of
3.0 mm) cut from a band (thickness of 2 mm)
were used in experiments. The band material

was an alloy of aluminum with magnesium and
silicon: CA| < 97.90/0; CMg < 0.90/0; CSi < 0.60/0,
Cre < 0.4%, other (Cu, Ti, Zn) £0.2%. MF was
between the poles of neodymium magnets. MF
induction B in the gap was of 0.7 T. At exposure,
the MF induction lines were perpendicular to the
sample plane. The exposure time was varied
from 5 min to 120 min. Special studies showed
that the main changes occurred in the first 10 min
of exposure. Further observed changes
practically did not depend on the exposure time.
That is why the time of sample exposure to MF at
room temperature always was 30 min.

Here ¢ is relative  deformation
immediately after start of loading; the constants 8
and m =1/3 are independent of loading time
(Garofalo, 1968); k is creep rate at the second
creep stage; Af, A, and {, are absolute
deformation, that immediately after start of
loading and deformation for relative deformation
€, respectively.

It is more conveniently to deal with
absolute deformation since just it is registered
experimentally:

Then we determine the constants in
Eqg. (1) (both before action of static MF and after
it) using the experimental results on samples
creep at different stretching loads (P = 150
N...190 N).

The typical experimental results obtained
at stretching loads of 1770 N and 180 N are
presented in Figure 1 and Figure 2 (those
obtained at the rest of loads do not differ
principally from the above ones.) The results of
creep curves approximation according to Eq. 2
are given in Table 1.

One can see that sample pre-exposure to
static MF (induction B = 0.7 T) for 30 min at room
temperature promotes increasing of aluminum
alloy deformation practically in the whole range of
applied stretching loads: immediately after start of
loading Afp—Af, = 40 pym at P = 150 N and
Alos—AL, = 401 pm at P = 180 N. One should also
note an appreciable effect of MF on the constant
B: after "magnetic" exposure it is practically
doubled 6 times at P =180 N. At the same time,
action of MF at the second creep stage practically
does not change the creep rate constant k. This
makes it possible to conclude that the results of
samples pre-exposure to static MF manifest
themselves most efficiently at the first creep
stage.

The additional experimental arguments for
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the effect of static MF on the creep processes are
presented in Figure 2, inset. It is not difficult to
see that the difference in deformations of the
check test samples and the samples aged in MF
increases with an external load. This is in
agreement with the data given in Table 1 as well
as those presented by other authors (Alshits et
al., 2003; Morgunov, 2004; Soika et al., 2015).

When discussing the assumed
mechanisms of MF effect on plastic properties of
magnesium-containing alloy, it is necessary to
take into account one more factor related to
presence of iron (up to 0.4%) in the aluminum
alloy. Iron interacts with aluminum forming
intermetallic phases (Gottstein, 2004). Without
silicon, the refractive phases Al;Fe and AlsFe; are
predominant (Li et al, 2016). However, the
situation changes if silicon is present: the brittle

a-phases  AlgFe,Si  and AlsFeSi become
predominant. If (just as in our case) magnesium
is present (Cvwg ~0.9%), then Ttr-phases

AlgFe3sMgsSie may appear in the aluminum alloy.
The iron-containing intermetallic phases may be
formed as plates (a-phase) and have
ferromagnetic properties.

The intermetallic particles of that form per
se adversely affect the mechanical properties of
aluminum alloys by reducing their plasticity and
increasing their porosity. Therefore the aim of the
further part of our work was experimental
investigation of the effect of static MF on
mechanical properties of aluminum alloy with Cy
no less than 99.9%. In such crystals, iron
concentration does not exceed 0.001%. This is
over two orders of magnitude less than was in the
previous experiments.

The mechanical tests were performed
using a tensile-testing machine (20 kN). Specific
elongation, true rupture strength, ultimate stress
and proportionality limit were registered. The
yield strength was examined because of absence
of yield plateau (Figure 3). One can see from the
obtained stress-strain diagrams (Figure 3) that
their behavior is the same until the stretching
corresponding to the ultimate stress. However,
the curves begin considerably diverge as the
neck appears. As a result, we obtained that after
exposure to MF (2, Figure 3) the samples are
more plastic as compared to the check-test ones
(1, Figure 3). This result also is in a qualitative
agreement with the data given in (Alshits et al.,
2003; Morgunov, 2004; Soika et al., 2015) where
softening of Al single crystals subject to action of
static MF was discovered. Thus, despite the

absence of iron atoms in the alloy, the effect of
magnetic pre-exposure still is observed. This
means that one should consider not only the
magnetic-plastic effect (Molotskii and Fleurov,
2000) but the influence of iron-containing
intermetallic phases as well when analyzing
magnetic-stimulated changes in aluminum alloys.

CONCLUSION

In the work, experiments were used that
made it possible to determine the degree of
deformation of aluminum alloys under the
influence of constant magnetic fields. After the
second deformation, a third stage of creep
begins, at which the creep rate gradually
increases until destruction occurs. Therefore, the
creep processes in this paper were considered
exclusively in the first and second stages. The
authors established that the preliminary exposure
of samples in a constant magnetic field (with
induction B = 0.7 Tl for 30 minutes at room
temperature) contributes to an increase in the
deformation of the aluminum alloy. The observed
softening of the aluminum alloy after exposure to
MF can serve as an additional method to regulate
the structurally sensitive properties of such
materials.
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Figure 1. Aluminum alloy creep curves taken at a load P =170 N at room temperature:

1 — sample pre-exposure to static MF B = 0.7 T for 30 min; 2 — unexposed sample.
Inset: a schematic of deformation time dependence (creep curve) conventionally
divided into three creep stages
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Figure 2. Aluminum alloy creep curves taken at a load P = 180 N at room temperature:

1 — sample pre-exposure to static MF B = 0.7 T for 30 min; 2 — unexposed sample.
Inset: a schematic of magnetic-stimulated deformation Afs on the applied stretching
load P
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Figure 3. Diagram of aluminum alloy stretching (Ca> 99.9%): 1 — a check-test
sample; 2 — sample after 0.5-hour exposure to static MF (induction of 0.7 T) at room
temperature.

Table 1. The constants of aluminum alloy creep (is the pair correlation coefficient)

Parameter Stretching load
150 N 160 N 170 N 180 N
BT 0 0.7 0 0.7 0 0.7 0 0.7
Aly, UM 428 469 490 529 554 748 818 1205
B,10°, 57 0.59 1.75 15 18 | 228 | 51 | 213 | 121
K, 10", s 1.25 1.25 1.38 2.01 0.25 2.30 0.60 1.00
r 0.975 0.978 0.896 0.897 | 0.956 | 0.986 | 0.987 | 0.999
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