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Dynamic strain aging perturbation analysis

Perturbation analysis of localized deformation by dynamic strain aging

Seung-Yong Yang
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Abstract

In the tensile loading of sheet metals made from polycrystalline aluminum alloys, a single deformation
band appears inclined to the elongation axis in the early stage of plastic deformation, and symmetric double
bands are observed in the later stage. This character of the localized deformation bands has been analyzed by
a perturbation method. Macroscopic slip modes composed of slip planes and dlip directions were assumed to
describe the tensile and shear strains. Along time integration path, the value of the perturbation growth
parameter was checked to find at which angle to the elongation axis the localized deformation bands are
generated. It was shown that the mode of the localized deformation is related to asymmetry of materia
property.

(Becker 1999, Zhang et al. 2001).
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True. Ex: 0.0010 0.0026 0.0042 0.0058 0.0075 0.0091 0.0107 0.0123
Average Incremental Strain = 0.52%

YY) e :

True. Ex: 0.0010 0.0028 0.0046 0.0064 0.0082 0.0100 0.0118 0.0136
Average Incremental Strain = 0.44%

(a) Initial deformation stage

True. Ex: 0.0010 0.0055 0.0100 0.0145 0.0190 0.0235 0.0280 0.0325
Average Incremental Strain = 0.56%

NS

True. Ex: 0.0010 0.0055 0.0101 0.0146 0.0192 0.0237 0.0283 0.0328
Average Incremental Strain = 0.53%

(b) Later deformation stage

Fig. 1 Experimental tensile strain increment for
AA5182-0 sheet metal. (a) Incremental strain at

total  strain of ¢, =8.21%
£, =8.65%; (b) Incrementa strain at total
strainof &, =13.49% and &,, =14.02%.
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Fig. 2 Single and double PLC bands in sheet metal
forming.
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Fig. 3 Orientations of planar slip modes (left figure),
and orientation of the PLC band (right figure).
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4. Perturbation analysis

Bifurcation analysis

. (Bassani 1994, Dao and Asaro 1996, Zikry et al.

2000). perturbation analysis
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Numerical parameter Value
, hy (MPg) | 1000
Slip mode 1 ,
100
Jo1 (MPa)
Rate sensitivity , 1/m 50
Reference strain rate, &(S™) 0.001
Slip mode , @ 44°
Slip mode Y 44°
N 800
Characterigtictime, 7 () 2251
. C. 0.01
C 0.015
Wave number, & (m) 100
D22 (S_l) 0.0001
45. 75
45,7t
Rem)
Do 45.65
45,6}
45,

Table 1 Values of numerical parameters
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(a) Initial deformation stage (&,, = 0.04)
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Fig. 4 Perturbation growth parameters at selected
strains. The initial yielding strengths are assumed

as g, =1.001g,,.
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