The advanced investigation method for

Statistical analysis of intermittent deformation behavior of
metallic materials

Advanced Research of Structural Materials

21d geminar
2016. 05. 02

W. Kim

Seoul National University
e-mail : wkim4531@snu.ac.kr ESPark Research Group.




Plastic deformation of solids

» Plastic deformation

: “change of geometric features of solids” under internal or external force
: complex process consisting in “organization of elementary acts of slips”

» continuous and intermittent deformation mode of metallic materials

p Continuum deformation

p Intermittent deformation
- viscous fluid flow

- stick & slip and “bursting”

: Electric and plastic deformation with work hardening : Portevin-Le Chatelier effect (8c/5¢ < 0)
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Heterogeneous plastic deformation of S-S curve

» Portevin-Le Chatelier effect

: A serrated stress-strain curve undergoing “inhomogeneous” plastic deformation

— serration occur at critical strain effected by temperature, strain rate.
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Acoustic emission technique for critical strain bursting

» Acoustic emission
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The law of Nature

» self organization to critical state

&  Critical state : small stimulation can change the whole state of system

Nalanche!
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The critical slip state by dislocation movement

» Slip deformation by critical movement of dislocation
slip steps
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Self-organization of intermittent events

» Nature : Self organizing to critical state
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o : Each events are strongly controlled by inner state of matrix
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Avalanche critical in polycrystalline plasticity

» Critical value for dislocation avalanche size
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Evaluation of SOC in metallic glasses

» Pop-ins of nano-indentation

P-h curves of Mg based BMG P-h curves of Zr based BMG
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Evaluation of Self-organizated state in metallic glass

p Statistical evaluation of Shear band size with power law

Powerlaw: P(> S) = AS7F exp(;—s)
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Hardening mechanism of partial crystallization of AlggNi, MM,

P nano-indentation results of annealed Al,, ,Ni,,MM, amorphous ribbon

In-situ Al nanocrystals
-> Softening effect

Growth of a-Al
-> Diffusion growth
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Shear band formation of hardened matrix
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Summary

Heterogeneous deformation of metallic materials
(Portevin-Le Chatelier effect)

— Unique method for dislocation & slip movement.

— Signal is differ from mechanism of deformation.

Self-organization of heterogeneous deformation

L L) L 10
10 015 020 ¢ 025

— Statistical collecting of size of event can evaluate the effect of matrix on the events.

— Linear distribution of power function
= SOC state : outbreak of events is strongly
related to condition of matrix

= Calculation of 3 value give us the information about
shear band deformation trend of metallic materials
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Thanks for your Kind attention
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