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Abstract

To describe the work hardening process of crystalline re$ein uniaxial deformation, a
gradient-one-internal-variable model (GM1) construgtetthe basis of the Kocks- Mecklng
model is proposed. The time and temperature dependenceno$tiless is accounted via
grain boundary migration, and the migration is related toilsitation of extrinsic grain
boundary dislocations ﬁEGBD’s) by climida lattice diffusion of vacancies at the triple
points. To model the polycrystalline behavior of commélgipure nickel (from a compo-
site point of view) by means of the finite element method,uégtspecimens with dimen-
sions in the range 3 - 2Bmshould be used.
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Resumen

Para describir el proceso de endurecimiento de materiagtalnos en deformacion unia-
xial, un modelo de gradiente variable interna simple (GMi)struido en base del conoci-
do modelo de Kocks- Mecking es propuesto. La dependenciarepo y temperatura de la
tension de flujo es considerada via migracion de bordes de gyda migracion es relacio-
nada al aniguilamiento de dislocaciones de borde de grariogacas (EGBD's) mediante
climb via difusion de red de vacancias en puntos triplesa Rendelar el comportamiento
policristalino de niquel comercialmente puro (desde urtgpde vista de un compuesto)
por medio del método del elemento finito, probetas virtuetesdimensiones en el rango
de 3—-25um deberian ser usadas.

Palabras Clave.Dislocaciones, borde de grano, método de los elementossfjrmibompor-

tamiento policristalino.

Introduccién

Ashby [1] showed that polycrystalline specimens, even
in pure metals, deform plastically in a non-uniform way,
s0, the total dislocation density”, defined as the sum
of geometrically necessary dislocatiopS and statis-
tically stored dislocationg® can be used to represent
polycrystalline flow stress at any strain by means of the
following equation

o =00+ MaGb\/p" Q)
Here,o, considers the additive contribution from latti-
ce resistance at zero temperatape(Peierls or friction
stress), and solution hardening stress from alloying ele-
mentso,, i.€.,00 = 0p + 0ss ,M is the average Taylor
factor, which evolves in the process of strainitgis
the magnitude of the Burgers vect@,an appropriate
shear modulus and a constant of order 0.3. Equation
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(1) is supported from the experimental observations ca-
rried out by Narutani and Takamura [2] and other in-
vestigators [3] [4] [5] , indicating that the flow stress is
proportional to the square root of dislocation dengity
irrespective of the grain size, amount of strain and test
temperature. Ashby’s total dislocation density defi-
nition assume that the geometrically necessary disloca-
tions, p©, have no direct influence on the accumulation
of the statistically stored dislocations’. The statisti-
cally stored dislocations are accumulated in the matrix
of pure crystals during straining and are responsible for
the normal 3-stage hardening [1] . On the other hand,
the difference in crystallographic orientation between
neighboring grains can be corrected by introducing geo-
metrically necessary dislocations, which are introduced
to accommodate the incompatibility of deformation bet-
ween grains.

Thompson et al [6] have shown during straining that in-
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homogeneous deformation occurs adjacent to grain boun 500
daries, leading to a concept of a harder ‘mantle’ close 450 -
to the boundary and a softer ‘core’ in the grain interior. 4001+
Furthermore, Li [7] has shown that grain boundaries can
act as sources for dislocations and via TEM Murr [8]

corroborated Li's proposal that grain boundary ledges

Comparision to a [111] Nickel Single
Crystal

Stress (MPa)
n
(4]
o

act as sources for dislocations during straining. The- & g | g L

refore besides the intrinsic grain boundary dislocations, w ! £ d=7um

extrinsic grain boundary dislocations (EGBD’s), can be 50 4 d=25um

formed during straining, giving the mantle of geometri- 0 : ; ; ; ; :

cally necessary dislocations adjacent to the grain boun- NS 0N EGSE R02 IOES  W2A DiSS

Strain

dary. It was also shown by Meyers and Ashworth [9]
that shear stresses can exist initially at low strain le- Figure 1: Experimental and calculated stress-strain curve for
vels in the grain boundaries, up to three times higher [111] single crystals. Model parametersM=3, =03, b:”211-52'5'
than the overall homogeneously applied stress. There- %C;Qg_sl‘zl[lz?'ijfgj' ;ii?éégm‘]lff S”;lj;\j;gﬁg]o? o [2].
fore generation of dislocations would usually occur at

grain boundary ledges, before sources operated in the

grain interior. The flow stress in the boundary therefo- o = oo + MaGb\/p° + p& 3)
re is greater than the overall bulk value, this being the
— M € —_ z 2
mantle and core proposal of Thompson et al. [6] S = {% (1 M ) L e My ] @
2

Previous research by our group has shown that 2.5 - 6 %
strain give the highest,, values, where sigma is the G € ©)
reciprocal density of coincident sites. For these low
strain values, it was proposed that strain levels around
2.5-6 % produce the mantle-core effect, whereas grea- Here = represents the tensile equivalent strain ahds

ter strains such as 9 and 12 % strains result in the flow the dislocation density at time K, andK, characte-
stress of the core and mantle being approximately the rize the processes of dislocation storage and concurrent
same [10]. During subsequent heat treatment at thesedjs|ocation annihilation by dynamic recovery, respecti-
low strain values recovery process are underway and re- yely [2] [14] . To validate the model, true stress-true
crystallization does not occur, whereas at higher strain strain curves for three grain sizes of nickel are shown in
levels, depending on temperature, recrystallization may Fig. 1, as a comparison to a [111] crystal result.

occur and new high angle grain boundaries form destro- o ) _

ying the existing microstructure which is conducive to  The grain size diameter= 7 umis shown to agree very
the formation of special boundaries. well, while the grain sizesl= 3.4umandd = 25um

. . ) ) . agree reasonably well.
During the annealing of lightly strained 316 stainless

steel, Sangal and Tangri [11] showed, that the non-equi- )

librium grain boundaries formed by straining (EGBD’s), Conclusions

can be transferred to an equilibrium state via grain boun- . . . ]
dary migration, and the migration is related to annihila- A gradient-one-internal-variable model constructed in
tion in the area of the grain boundary. The annihilation the basis of the Kocks-Mecking model is proposed. If
of the EGBD’s is a function of temperature and time is  all of the above parameters are consistent with experi-

given by the following equation [11] : mental observations, to model the polycrystalline beha-
1 viour of commercially pure nickel (from a composite
p° = . 2 point of view) by means of the finite element method,
L+ {Lﬂn(f)]} virtual specimens with dimensions in the range 3 - 25
’ LO-oRTIn(52) umshould be used
wherep? is the initial dislocation density); is the self- Referencias
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