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Abstract

The main objective of the present paper is the development of identification procedure of the constitutive model of elasto-viscoplas-
ticity describing the behaviour of nanocrystalline iron. We intend to utilize the constitutive model presented by Perzyna (2010). The
procedure is based on experimental observation data obtained by Jia, Ramesh and Ma (2003) for consolideted iron with average grain
sizes from tens of nanometers to tens of microns under uniaxial compression over a wide range of strain rates and by Wei et al. (2004)
for ultrafine-grained iron processed by severe plastic deformations.
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1. Introduction talline material is very complicated. Even for a same material,
the deformation mechanism will also change with the further

The main objective of the present paper is the developmerfieformation. For example, the shear band evolution phenomena
of identification procedure of the constitutive model of elasto-during the inelastic deformation process have been observed in
viscoplasticity describing the behaviour of nanocrystalline iron.the compression tests Jia et al. (2003), this indicates that the
Only bce metals will be covered in this description, becausedeformation will become non-uniform in the deformation proces.
they are the classes of metals for which systematic experimentd this paper, we will be focused on the mechanical behaviour of
observation data sets are available. An investigating of the defothe nanocrystalline metals in viscoplastic strain range. The devel-
mation mechanisms is important for understanding, controlling?Ped model will be used to simulate the grain size and strain rate
and optimizing the mechanical properties of nanocrystalline metdependent mechanical behaviour of bce nanocrystalline materi-
als. Strengthening with grain size refinement in metals and alloyd!s, and the simulation results for bcc nanocrystalline materials
with an average grain size of 100 nm or larger has been well chawill be compared with Jia et al. (2003) experimental data for
acterized by the Hall-Petch (H-P) relationship, where dislocatiorPure iron. Finally, further discussion will be presented for the
pi|e_up against grain boundaries a|0ng with other transgranu|aun|axlal StreSS—'S_tr_aln response, shear |Qca|lzatlon behaviours and
dislocations mechanisms are the dominant strength-controllingtrain rate sensitivity of bcc nanocrystalline metal.
processes. When the average, and entire range of, grain sizes
is reduced to less than 100nm, the dislocation operation be-
comes increasingly more difficult and grain boundary-mediate®. The constitutive model
processes become increasingly more important. The principal

short-range barrier, the Peierls-Nabarro stress, is important for The model is developed within the thermodynamic frame-
ultrafine crystallinebcc metals. Experimental observations have work of the rate type covariance constitutive structure with a finite
shown that nanosized grains rotate during plastic deformation angkt of the internal state variables, cf. Perzyna (2010). We assume
can coalesce along directions of shear, creating larger paths f@at a set of internal state variablps= (€”, &, d) consists of
dislocation movement. Many results have shown that nanocryswo scalars and one tensor, namely the equivalent inelastic de-
talline materials exhibit the grain size and strain rate dependeffbrmation €?, the second order microdamage tengawith the
mechanical behaviors, the most recent relative review can be Sea?ﬂysical interpretation tha : £)!/2 = ¢ defines the volume

in Mayers et al. (2006). To understand this sort of mechanicagaction porosity andl the mean grain diameter. The equivalent
behaviour, several models have been proposed recently using tje,|astic deformatiore? describes the dissipation effects gener-

concept of a two-phase composite. Zhu et al. (2005) developed gq by viscoplastic flow phenomena, the microdamage tensor
polycrystalline constitutive theory based on the model of Asaro efayes into account the anisotropic intrinsic microdamage mecha-

al. (2003) for deformation mechanisms in nanocrystalline metal$isms on internal dissipation anbidescribes the dynamic grain
and the extended aggregate Taylor model by Asaro and Needigso\ih during intensive deformation process. Let us introduce
man (1985). Despite the successes prowdepl by _these r_nodels,_t plastic potential functiofi = f(.J1, Ja, 9, ), whereJ, J
effects of grain size and strain rate (especially in a wide straiyenqte the first two invariants of the stress tensa? is absolute

rate range) on the mechanical behaviour of nanocrystalline Magmperature. We postulate the evolution equations as follows
terials are not well described in term of their main deformation d” — AP, Loé—= iz D 1)
= N [3) = :,7 = .

mechanisms as yet. The deformation mechanism of the nanocrys-
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where Ly denotes the Lie derivative. For elasto—viscoplastic ~ Taking advantage of the description of the microshear band-

model of a material we assume ing effects for nanocrystalline iron proposed by Perzyna (2010)
1 7 af of 1 we have the relation for the relaxation time

A=——(0(=--1), P= = o= , (2

&:const 87—

Ty K or
T, denotes the relaxation time for mechanical disturbancesy, = 7° |1 — g2 1 } % -1 )
To describe the microshear banding effects let us assume that 1+exp(a—0beP) o

the relaxation timél’,, depends on the active microshear bands

fraction .., on the rate of equivalent viscoplastic deforma- whereT?, 82,., a, b, pandéX are material functions af.

tion €” and the grain diametet, i.e. T, = T, (Bms, €7, d). We propose that the identification procedure consists of two

Additionally we introduce the simplification as follows,, =  parts. In the first part the determination of the material func-

Ty (d)$1(Bms, d)2(€7,d).  The isotropic work—hardening— tions and the material constants involved in the description of

softening functions = 4(€?,9, ¢, d), @ is the empirical over-  the dynamic yield criterion (6) is presented. As an experimental

stress function, the bracke$ defines the ramp functiol® and  base the results concerning a set of stress-strain responses of the

D denote the evolution functions which have to be determined. consolidated iron obtained from the quasistatic compression tests
and at high strain rates$X10®> — 6x10°® s™') for several grain

3. The determination of the evolution functions sizes by Jia, Ramesh and Ma (2003) are assumed. The second

part is focused on the determination of the material functions

ind the material constants appeared in the evolution equations

erated by growth mechanism only. Based on the heuristic sugge S)dagd (4)'. To do that Wehcqnsidlelcr) theé:omprelssion %LljaSiSte;tiC
tions and taking into account the influence of the stress triaxialitp'd dynamic processes (the initial boundary-value problems) for

and anisotropic effects on the growth mechanism we assume trfEe prismatic specimen to investiggte the deformation modg and
evolution equation for the microdamage tengars follows 0 compare the obtained results with those observed experimen-

tally during the processes of shear banding, cf. Jia, Ramesh and
Losé — dg* 1 Iy 1 3 Ma (2003). We used also the experimental investigations of the
vé = 0T Tm ' Teq(9, @) - &) development of adiabatic shear banding in ultrafine grained iron
§ processed by sever plastic deformation performed by Wei et al.
The tensorial function %L_,. represents the mutual mi- (2004) to make the similar identification analysis.
cro(nano)crack interaction for growth process, = 7(¢, u)
denotes the threshold stress function for growth mechanism,
I, = biJi + bay/J; defines the stress intensity invariahf,  References
(i = 1,2) are the material coefficients which can depend on

d. In the evolution equation (3) the function= g (v,9,p)  [1] Asaro R.J., Krysl P., Kad B., Deformation mechanism tran-
plays the fundamental role, and we introduce the denotation” ~ gjtions in nanoscale fcc metal®hilosophical Magazine

Let us assume that the intrinsic microdamage process is ge

R A ( %H)*l. Assuming that the dynamic grain Letters 83, pp. 733-743, 2003.
growth is the rate dependent mechanism (cf. Perzyna (2010)) we ]
postulate [2] Asaro R.J., Needelman A., Overview no. 42. Texture devel-
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Qe Q(;’}u) (@ { (11; - 1] ) @ Acta Metallurgica 33 (6), pp. 923-953, 1985.
m Ta (9, . .
a\vs B [3] Jia D., Ramesh K.T., Ma E., Effects of nanocrystalline and
whereG = gA(197 1) is the material functionfy = ¢1.J1 +cav/J; ultrafine grain sizes on constitutive behaviour and shear
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