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The structure state evolution near the yield limit of polycrystalline aluminum of
various purity grades under active loading has been studied by electric resistance method.
Characteristic parameters of the structure state have been determined, namely, the effec-
tive dipole height and coefficients of dislocation interaction. It has been shown that, no
matter what is the material purity grade, the onset of the plastic flow, the deforming
stress, and the electric resistance change are defined by the dipole structure formation.

B6sausu mpemena TeKydecTH METOJOM BJIEKTPOCOIPOTUBJIEHUSA M3yueHa SBOJIOINUS CTPYK-
TYPHOTO COCTOSHWSA IPU aKTHBHOM HATPY/KEHHU MOJUKPUCTAIINUECKOTO aJIOMUHUSA PasHOi
crermeHn YUCTOTHI. OmpenesieHbl XapaKTepHBIE ITapaMeTpPhl CTPYKTYPHOT'O COCTOAHUA: dhdek-
TUBHASA BBICOTA AUMOJEH, K0ahIUIMEHTH B3aumMojeiicTBUA auciaokamuii. IlokasaHo, dUTO
HEe3aBUCUMO OT CTelleHM YHCTOTHI AedOpMHUPYeMOT0 MeTaJja, Havyajlo MJIaCTHUYEeCKOTo Teue-
HUdA, AedopMupyiomiee HaupsKeHUEe W HU3MeHEeHHEe 3JIEeKTPOCOMPOTUBIEHUSA OIPEAeIAI0TCS

dbopMupoOBaHWEM AUMIOJBHON CTPYKTYDHI.

To solve the problem of structure state
control in a material under deforming, its
dislocation structure evolution is to be de-
scribed, namely, the density increase of dis-
locations and their arrangement changes
under increasing external stressing force
[1]. The use of resistometry in situ [2] to
study the regularities of the deforming
stress changes [3—-5] makes it possible to
determine the parameters of structure state
forming during the material plastic flow. It
has been shown in [3—-9] that the material
deformation near the yield limit results
mainly from the interaction and accumula-
tion of dislocations in the sample under
study. The dislocation interaction is charac -
terized by coefficient a that is the measure
of the energy gain at the paired dislocation
interaction [10]. The structure imperfection
accumulation near the yield limit is associ -
ated first with formation of dislocation di-
poles [3, 5, 6]. The coefficient of dislocation
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interaction was determined for various ma-
terials [11] under accumulation of disloca-
tions in stationary mode. Determination of
a using resistometry under active deform -
ing was used only in [3, 5].

In this connection, it is of interest to
determine the dislocation structure parame -
ters (effective dipole height h; and disloca-
tion interaction coefficient a) under active
deforming. The purpose of this work is to
establish the dislocation structure parame -
ters and their changes in aluminum under
active loading as functions of increasing in -
ternal pre-strain fields.

The formation of dislocation accumula-
tions near the yield limit under external
stress depends on the initial internal stress
fields [6]. In this connection, to discrimi-
nate the dislocation barriers in contrast to
extrinsic ones, we have formed the internal
stress fields in high-purity aluminum poly -
crystals under pre-straining near the yield
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limit by alternating bending with restoring
sample shape. The dislocation accumulation
in the sample due to pre-straining was in-
tended to provide an increased internal
stress level and thus influence the effective
parameters of dislocation structure during
the consequent tensile loading.

Accordingly, polycrystalline aluminum
samples of 0.1 m length and 103 m diame-
ter were subdivided into two groups de-
pending on the purity grade characterized
by 6 = R(300 K)/R (4.2 K) value: 1st group
with =103, 2nd group, & = 104 and pre-
straining by alternating bending. Prior to
tests, the samples were annealed at pre-
melting temperature for 1 day and have the
grain diameter of 350 pm. The samples of
both groups were placed in clamps made of
dielectric material and strained by tension
at 300 K at a speed of € = 2.60107° s71, The
electric resistance changes associated with
the straining force increase were recorded
using a compensation scheme and recorder
of 10712 Qfh sensitivity. The measurements
being done in the course of active loading
were controlled also using potentiometry in
the relaxation regime. The Ap was found to
do not return to its initial state when being
recorded in the relaxation regime and do
not differ essentially from the values deter -
mined using electric resistance recording
under active loading. Thus, Ap is associated
mainly with the structure state changes.

Typical curves of the additional electric
resistivity Ap at increasing straining stress
T (t=mao, m = 1/3) for the Groups 1 and 2
of samples are presented in Fig. 1 as curves
1 and 2, respectively. These Ap(T) depend-
ences are seen to be substantially different.
Although the 2nd group samples are of one
order higher purity grade as compared to
the 1st ones, the former show a twice
higher yield stress Ty. In this connection, it
is just the structure state formed by pre-
straining but not the impurities that must
influence mainly the internal stress rise
under subsequent tensing loading.

Near the yield limit, the Ap dependences
on the straining stress are approximated by
the following relationships:

Ty = Top + A118P11 + A1a(Bp1 — Bp11)'2, (1)
T; < 3.7MPa,

Ty = Tog + Ap1Apg; + Aga(Bp2g — Ap21)'2, (2)
15 < 8.5MPa,
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Fig. 1. Ap(1) dependences for aluminum at dif-
ferent purity grade: & = 103 (1) and & = 10% (2).

where Tp; o are the straining stresses corre-
sponding to the plastic flow onset for the
1st and 2ng group, respecttively; A;;, Aq9,
phenomenological parameters for the 1st
group; Agy, Agg, those for the 2nd one;
Apq1, Apqg, resistivity values for the 1st group
corresponding to the linear and transition

curve sections, respectively, at 1; < 8.7 MPa; Apyq,

Apgy, the same for the 2nd group at 1, <
8.5 MPa. The values of parameters included in
Egs.(1) and (2) are presented in the Table.

MPa MPa/(Qlth) MPa/(Qlth)!/2
Tor | Toz | A1 Agy Aqp Agg
1.9 | 4 |1.10010|2.330101°|0.7500° [1.24[00°

The relationships (1) and (2) relating the
straining stress and the resistivity increase
are necessary to consider the internal stress
evolution basing on the resistometry data.

It has been shown according to the em-
pirical Wiedersich model [12] and analytical
studies using computer simulation [6, 13]
that at the initial deforming stage, T = AN
where N is the dislocation density; A, the
proportionality factor. It is to note that, ac-
cording to resistometric investigations [3, 5],
the linear relationship between T and N is
inherent mainly in dipoles. Therefore, it is
the stress field of dipoles accumulated in
the sliding lines that must be the main bar -
rier in the motion path of dislocations in
the 2nd group of samples. This results in
the mentioned considerable difference in the
Ap(T) dependences.

Blewitt, Coltman and Redman [14] com-
pared first the straining stress curve with
the resistivity change. They supposed that
the increase in both characteristics is due to
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the increasing density of dislocations gener -
ated according to Franck-Reed mechanism.
The further studies done using sufficiently
pure polycrystalline samples of copper and
aluminum [7, 8], iron [9], and zirconium [5]
revealed a relationship between the strain-
ing stress, Ap, and dislocation density. It
was noted that contribution of vacancies to
Ap due to straining is negligible and thus,
Ap is defined mainly by the increased num -
ber of dislocations.

If the resistivity change is due mainly to
dislocations, then [7, 9]

Ap =py (N = Ny), (3)

where p, is resistivity of individual disloca-
tion; N — N, the dislocation density in-
crease resulting from straining. In the case
under consideration, taking into account
Eq.(1), the Egs.(1) and (2) can be trans-
formed to obtain

Ty = To1 + A11Pg(N11 = No) + 4)
+A12p%l/2(N12 - N11)1/2, Ty < 38.7MPa,

Tg = Tog + A91P4(Ngq = No) + (5)
AgoP(Ngy = Nop¥2, 15 <8.5MPa

At the dislocation density near the yield
limit 1012 m™2, p;=13.600"23Qm3. It
follows from (4) and (5) that near the plas-
tic flow onset (Tp;, Tgg), the relationship
between the straining stress and dislocation
density (2nd item) is linear. This linearity
allows to suppose that a structure contain -
ing dipoles is formed at the initial stage of
aluminum straining [15]. It is to note that
the dipoles have been found to be an imma-
nent feature of copper and aluminum re-
vealed in studies of strain hardening using
transmission electron microscopy [16]. As-
suming that changes in the straining stress
and resistivity are due to increased dipole
density N~ N, let the effective dipole
height up to yield limit be estimated at

Ky = pgA11, Ko = pgAg; [15]:
hyp ~ Ky o (1~ 1)/ 2Gb. 6)

At G = 2.65010* MPa, b =4.0510710 m,
Vi = 0.3, K; = 1510713 MPalth?, K, = 31.700"
13 MPa?, we obtain h; = 0.15 um and hy =
0.32 pm, respectively.

The further increase of straining stress
at Ty > 3 MPa and Ty > 7.5 MPa results in
that the linear T(/N) dependence changes
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into power one, T(N!/2). Using the symbol
Tpy,2 to denote the yield limit for the corre-
sponding sample group, let the further in-
crease of straining stress at T > Tp; 5 be pre-
sented as

Perhaps the above-mentioned linear-to-
power change near the yield limit is due to
a change in the character of paired interac-
tion of dislocations. The available experi-
mental data make it possible to evaluate the
dislocation interaction coefficient from
Egs.(4), (5) and (7) as

Oy9 = Ay oP2/ Gb. (8)

Substituting successively the A;; and Ay,
values into (8), we obtain o; = 0.08, o, = 0.14.
The small a values correspond to a small
energy gain due to the paired interaction of
dislocations. The dislocations involved in
the interaction form configurations in the
metal under straining that favor a consider -
able compensation of the internal stress
fields. Those configurations include no
doubt the dipoles. The dislocation interac-
tion coefficient a determined from electric
resistance data is small, perhaps due to a
considerable compensation of the elastic
field of dipoles being the main barriers for
moving dislocations.

Thus, the resistometry in situ makes it
possible to determine effective parameters
of dislocation ensembles formed near the
yield limit and to reveal the controlling
mechanisms of plastic flow in polycrystal -
line aluminum samples.

Authors are thankful to
Prof.F.F.Lavrentiev for his interest in this
work and useful remarks.
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EnxexTpoorip amoMiHilo, 00yMOBJIeHUH €BOJIOIi€I0
CTPYKTYPHOTO CTAaHY IIPH AKTHBHOMY HABAHTAKYBAaHHI
nmo0JIM3y TPAHUIl TEKYYOCTi

B.H.Hixkigpopenro, M.€.Bocin, 3.A.Kpacnixoea, C.A.Conodunos

ITo6u3y rpaHMIli TEKYYOCTi METOAOM eJIEKTPOOIipy AOCIiIMKeHO eBOJIOIiI0 CTPYKTYPHOTO
CTaHy ILJISXOM aKTHBHOTO HABaHTAKYBAaHHSA MOJiKPUCTAJIUHOTO aJTOMiHiI0 pisHOTO cTymeHs
yncTOTH. BU3HAUEeHO XapaKTepHi mapaMeTpu CTPYKTYPHOTO cTaHy: edeKTHBHA BHCOTA IU-
moJiB, KoedimieHTu B3aemomii guciokaiiii. [lokasaHo, 110, He3aJIeKHO BiJl CTYIEHIO YUCTOTU
MeTany, 10 1edopMy€eEThCSA, TOYATOK IJIACTUYHOI IJIMHHOCTI, AedopMyioua Hampyra Ta sMiHa
€JIEKTPOOTIipy BU3HAYAIOTHCA (POPMYBAHHAM AUIOJBHOI CTPYKTYPH.
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