Evaluation of Anisotropy using Knoop indenter
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Why use 3D printing

A Intake module VR6 i A Turbine housing

Cost Reduction

3D Printing Technique — Lightweight

Efficiency Improvement
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Anisotropic Issues
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Microstructures of N, R, T plane depending on reduction rate

Optical micrographs
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- N plane : Slight elongated grains

- T plane : Elongated grains along the rolling direction

. - R plane : More or less equiaxed grains
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Grains of N, R, T plane depending on reduction rate

Schematic grain shape
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Separation of load difference with stress directions

Uni-axial stress

Knoop indenter Stress-free Uni-axial stress Stress-free
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Comparison of indentation curves
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Separation of load difference with stress directions
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Evaluation of Residual Stresses Directionality
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(p=FD)

Separation of stress
I Assumption
_Opp+O07p _ Oppt (0-04)
HRD O-Tota Gfofa/ - 2 - 2
% O1p
<z o
I pa— Roling 2 O7otal
Transverse O-’L?D - (‘I + ) GTD - 2 ) 67-01‘3/ - GE’D
i / H ,',& \\\\ \
Hap = 0rpOap + QapOrp o ZAD
o Hep ragy)
;0 - - I,’ \\ /L;f’
O np 1 -.- X rp WV ITD
\_ “Cro/ H o Y
<#>

Hip = 0ppOap + 0507,

< Invariant hardness regardless of stress state >
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Load-Depth difference according to indentation direction
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Load-Depth difference according to indentation direction

350 T T T T T T T I T I T I

300

250

200

150

Load (gf)

100

50

N\ .
"Material Reliability Depth (um)

& Forensic Safety Lab. <#>



Anisotropy evaluation using DIC

* DIC
?
<H>

& Forensic Safety Lab.

N .
"Mateﬁal Reliability



Future Paln

3D Printing material

v
Evaluation of anisotropy using IIT

v

Prediction of Anisotropy

v
Evaluation of anisotropy using DIC

Evaluation of anisotropy of amorphous materials by high energy X-ray scattering

Evaluation of amorphous anisotropy by measuring 4 point electrical resistance

Validation of applying the model to 3D printing material
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