G TF ooy

Sl et |IT KANPUR
g L3 BT EANPLR

COMMON DEFECTS, AND
POST PROCESSING

Dr. J. Ramkumar

Professor

Department of Mechanical Engineering and Design

IIT Kanpur



(EwgiE) ®& MedTech
R/ ﬁﬁ;ﬁﬁ& IIT KANPUR

CONTENTS

= Defects in AM Printed Parts
= Need of Post Processing
= Need for Surface Finishing

= Common Post Processing for MAM




© N o o & 0 Db

HGE N w MedTech
ol ik, ITKANPUR

COMMON DEFECTS
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COMMON DEFECTS
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1. ELONGATED, NON-SPHERICAL PORES @
* Processed induced defect _
= Due to an inefficient melting regime @k o]

= Too little energy input with respect to hatching distance or layer
thickness

= Spatter and fumes ejection (too much energy input)

2. GAS PORES <

= Due to powder surface chemistry modification

= Due to trapped gas in particles that are released during melting and
locked in during solidification.
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POROSITY

A. Entrapped gas
porosity

B. Incomplete
melting induced
porosity

C. Lack of fusion with
unmelted particles
inside large

irregular pores
é")?/\‘;o ’
D. Cracks \(

Sola, Antonella, and Alireza Nouri. "Microstructural porosity in additive manufacturing: The formation and detection of pores in metal
parts fabricated by powder bed fusion." Journal of Advanced Manufacturing and Processing 1.3 (2019): e10021.



COMMON DEFECTS

3.UNTUSED POWDER

= Processed induced defect

= Due to insufficient melting or overlap between successive layers or
adjacent melted tracks

Bl

Ductile tearing

Unmelted powder particles

W. ]J. Sames, F. A. List, S. Pannala, R. R. Dehoff & S. S. Babu (2016): The metallurgy and processing science of metal additive manufacturing,
International Materials Reviews http://dx.doi.org/10.1080/09506608.2015.1116649
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4. Balling
= Solidification of melted material into spheres <

= Due to lack of wettability with the previous layer, driven by surface
tension

= Directly related to melt pool characteristics

W. ]J. Sames, F. A. List, S. Pannala, R. R. Dehoff & S. S. Babu (2016): The metallurgy and processing science of metal additive manufacturing,
International Materials Reviews http://dx.doi.org/10.1080/09506608.2015.1116649
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5. CRACKING

= Due to solidification cracking or grain boundary cracking or other
macroscopic effects like

= Residual stress

= Surface roughness

https://www.metal-am.com/articles/how-residual-stress-can-cause-major-build-failures-in-3d-printing/
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6. WARPING

= Occurs between two layers or at the boundary between support
and part layer (curling)

= Occurs when the build is stopped and re-started or at the boundary
between substrate and first layers

Di Wang, Yongqgiang Yang, Ziheng Yi, Xubin Su, Research on the fabricating quality optimization of the overhanging surface in SLM
process, The International Journal of Advanced Manufacturing Technology April 2013, Volume 65, Issue 9, pp 1471-1484
https://ebrary.net/132919/engineering/towards_methods_avoiding_distortion_precision_parts
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1. DELAMINATION

= Separation of successive layers

= Due to inappropriate melting overlap with previous underlying
solidified powder or incomplete particles melting.

= Macroscopic effects cannot be repaired by post-processing

W. ]J. Sames, F. A. List, S. Pannala, R. R. Dehoff & S. S. Babu (2016): The metallurgy and processing science of metal additive
manufacturing, International Materials Reviews http://dx.doi.org/10.1080/09506608.2015.1116649
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8. SWELLING

= Similar to the humping phenomenon in welding

= Occurs due to surface tension effects related to the melt pool
geometry

C)

A. Manriquez-Frayre and D. L. Bourell: ‘Selective laser sintering of binary metallic powder’, in ‘Solid freeform fabrication symposium’, Austin, TX, 1990, 99-106.
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NEED OF POST PROCESSING

Rough surface

Support structures

Visible layers
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WHY DO AM SURFACES NEED TO BE FINISHED?

= AM has the potential to transform the component design in
high-value and/or low-volume manufacturing.

= AM applications range from topology optimization for fatigue

performance and light-weighting in aerospace to bespoke one-
off components for patient implants and operation guides in
medicine.

= Surface topographies may alter functional requirements for
these applications' components.
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POST PROCESSING

Post processing can be divided into three categories:

1. Process-inherent process
i. De-powdering
ii. Support removal
iii. Stress relief

2. Mechanical properties
i. Heat treatment (affecting hardness, ductility, and fatigue life)

ii. Surface treatment and finishes ( maximize visual appeal)

3. Visual inspection
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POST PROCESSING

= POWDER REMOVAL

= Achieved with standard cleaning procedures
= Often unused powder is recycled and reused

https://www.autodesk.com/products/fusion-360/blog/democratization-metal-additive-manufacturing-part-1/
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POST PROCESSING

= SUPPORT REMOVAL
Cutting —

Band Saw
Drilling -

CNC Machining —
Wire EDM -~

1.
2.
3.
4.
S.

https://www.mmsonline.com/articles/buying-a-wire-edm-dielectric-fluid-and-machine-maintenance
https://www.additivemanufacturing.media/articles/postprocessing-steps-and-costs-for-metal-3d-printing
https://caddetailsblog.com/post/how-cnc-technology-is-changing-architecture-today
https://www.assemblymag.com/articles/94886-innovations-in-metal-3d-printing
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HEAT TREATMENT

= Hot Isostatic Pressing (HIP)

Isostatic Pressu

= Densifies material and removes

uptoio-ugar
the defect
= Improves mechanical properties i
= Increase reliability and -
performance
= High Efficiency and lower

production cost

https://www.azom.com/article.aspx?ArticleID=5769
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ANNEALING

= Increased stress relief
= Improved mechanical properties

/f

https://www.fivesgroup.com/ru/induction/thermal-treatment/annealing
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SURFACE FINISHING

* Last Touch
= Smoothening and Polishing of surface
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= Optimize aesthetics

= Reduce roughness to a minimum (if required)
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COMMON SURFACE FINISHING OPERATION
.ooo——vél.om bead — Q’mmuj?al a

W d‘/b— Piece -

= Bead blasting /=~

» Anodizing ’d
= Electroplating or metal plating e

« Laser polishing /&
s

‘J
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BEAD BLASTING

Gas In

Slurry In ‘

- Gias
Acceleration
Zone

Mixing Chamber

Slurry Acceleration Zone -

Mozzle Gaometry -

A
. L
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Elast Angle s B O
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i 5 ™ Blast Distance &

https://www.vapormatt.com/our-technology/what-wet-blasting
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Vent

Enclosure

Sp— Md/ja//j

Gas In
Liguid In

Blast Gun
Additive In

- Stirrer

Abrasive Pump

Mixking Chamber

Controllable Factors

Gas - Type, Pressure, Flow Speed and Temperature
Slurry - Solid/Liquid Ratio

Liquid - Type, Pressure, Flow Speed and Temperature
Solid - Type, Size, Hardness and Shape

Gun/part kinematics - Velocity, Distance and Angle
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BEAD BLASTING

BEFORE BLASTING &

https://www.comcoinc.com/finishing_3d_printed_parts/
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ANODIZING

= The part is dipped in an electrolytic
solution and endowed with a
protective anodic layer that increases
hardness and resistance to corrosion,
wear, and electrical conductivity.

= ELECTROPLATING

= Similar to anodizing
= Metal coating
= Prevents corrosion
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ANODIZING

anodized
Iannealed'

7173

non-

anodized, |
annealed =

https://pubs.acs.org/doi/10.1021/acs.nanolett.1c02815
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LASER POLISHING

/
—

Laser beam
—

smoothed surface Initial rr.:n.lgh surface
Melting pml

—

Additive manufactured component

Basha, S.M., Bhuyan, M., Basha, M.M., Venkaiah, N. and Sankar, M.R., 2020. Laser polishing of 3D printed
metallic components: a review on surface integrity. Materials Today: Proceedings, 26, pp.2047-2054.
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LASER POLISHING ’ Jond  Polw

Laser beam scanning e
, ' L L
Continues change of: \\\ \
- Material properties A
due to temperature oD A \0s8 W0 R
rar -G'{'l,""- . 22 F i
variation C O e =

- Surface geometry ¥

Polished surface

Resolidificatio
phase change .
heat affected zone (HAZ)
¥
M:alt flow in the melt pool Eﬂ“ﬁﬂﬁ obd
driven by surface a0s
tension/viscosity effect

Basha, S.M., Bhuyan, M., Basha, M.M., Venkaiah, N. and Sankar, M.R., 2020. Laser polishing of 3D printed
metallic components: a review on surface integrity. Materials Today: Proceedings, 26, pp.2047-2054.
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LASER POLISHING

- — - - - n i - -— Y

Bordatchev, E.V., 2020, October. Advanced Capabilities in Laser Surface Polishing and Functionalization at the National
Research Council of Canada. In Laser Applications Conference (pp. LW4B-1). Optical Society of America.



POINTS T0 PONDER

= Name the common defects in metal printed parts
= What is the importance of post processing?

= What are major post processing techniques to remove defects?
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ASSIGNMENT
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= Make a chart of defects and their cause in MAM/\ DEP

= Provide solutions for MAM defects
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