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DED Ornentation Effects
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DED Ornentation Effects

Yield Strength Yield Strength
Author Grade Horizontal!Normal Vertical-Parallel
(MPa) (MPa)

304L 448 324 [32]
316L 593 448 28
Smugeresky et al. 304L 503 407 21
Yu et al. 316L 495 275 o7
Zhang et al. 316L 558 352 45

Percent Difference
(%)
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Goals

Evaluate orientation effects
* Tensile behavior
* Fatigue behavior
* Compare DED to conventional materials

* What is relationship between Structure

orientation effects and defects? , \

* Microstructural defects
* Gross build defects
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. Approach
Tensile testing
* Notched fatigue testing
* Electron microscopy
* Optical microscopy
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LENS 750 workstation

Tensile Build Approach

Tensile

Parameter Value  Unit
Laser Nd:Yag -
Laser Power 400 W
Scan speed 17 mm/s
Hatch increment  0.41 mm
Layer ncrement  0.25 mm
Hatch rotation 90  degrees
Powder feed rate 16 g/min
Oxygen <15 ppm
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Fatigue Build Approach

Horizontal (H)

Tensile Fatigue
Parameter Value  Unit Parameter Value Umt
Laser Nd:Yag - Laser Yb:Fiber -
Laser Power 400 W Laser Power 400 A\YY%
Scan speed 17 mm/s Scan speed 11 mm/s
Hatch increment  0.41 mm Hatch mcrement  0.46 mm
Layer increment  0.25 mm Layer increment (.34 mm
Hatch rotation 90  degrees  Hatch rotation 90  degrees
Powder feed rate 16 g/min Powder feed rate 34 g/min
Oxygen <15 ppm Oxygen <15 ppm
Vertical (V)
DirB:(;L?on Dil::-aecst:on Di?euc:l?on

5.7 mm
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71.1 mrrT




Tensile Build Density

Deposit density > 99% (Archimedes)

* No apparent gross defects

Typical solidification structure

H-DED 304L

Near top Near substrate




Specimen Orientation and Thermal History

Build volume has similar thermal history




Specimen Orientation has Little Eftect

I_ Build volume has similar thermal history
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Specimen Orientation has Little Eftect

I_ Build volume has similar thermal history
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Builds experience different
thermal histories

Build Orientation and Thermal History
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Build Ornientation and Thermal History

Builds experience different

thermal hlstorV-

Engineering Stress (MPa)
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Build Ornientation and Thermal History

Engineering Stress (MPa)
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DED Tensile Properties Compared
to Conventional Materials?
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DED Tensile Properties Consistent
with Conventional Materials
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Ronevich JA, San Marchi CW, Balch DK. Pressure Vessels and Piping Conference (PVP 2017): ASME; 2017.
Jackson H, San Marchi C, Balch D, Somerday B, Michael J. Metall and Mat Trans A. 2016;47:4334-50.



DED Tensile Properties Consistent
with Conventional Materials
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DED Fatigue Life
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DED Fatigue Life Consistent

with Conventional Matenals
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DED Fatigue Life Consistent

with Conventional Matenals
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DED Fatigue Life Consistent

with Conventional Matenals

Strain Hardened = 589 MPa
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Build Orientation has Etfect on
DED Fatigue Behavior
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Build Onentation has Effect on
DED Fatigue Behavior
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Fracture Surface Characterization Indicates

Influence of Build Defects

A) 164,982 cyclesl§B) 145,796 cyclesf C) 68,139 cycles | D) 35,488 cycles

7 — i -

Max Stress = 305 MPa
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Fracture Surface Characterization Indicates
Influence of Build Defects
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Fracture Surface Characterization Indicates

Intluence ot Build Detects
A) 164,982 cyclesl{B) 145,796 cycles
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Lack of Fusion (LokF) Defects
>99% Dense ~97% Dense
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Lack of Fusion (LokF) Defects
>99% Dense ~97% Dense
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Fatigue Crack Propagation at Lol Detects
>99% Dense ~97% Dense
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Fatigue Crack Propagation at Lol Detects
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Fatigue Crack Propagation at Lol Detects
>99% Dense ~97% Dense
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Direct Current Potential Ditference (DCPD)
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DCPD for Fatigue Crack Iniiation
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DCPD for Fatigue Crack Iniiation
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Fatigue Crack Inmtiation Promoted by
Lok Detects n H-N DED
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Summary

* Specimen orientation has little effect on
tensile properties
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Summary

* Specimen orientation has little effect on
tensile properties

Engineering Stress (MPa)

* Build orientation has significant effect on
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Summary

* Specimen orientation has little effect on
B s, tensile properties
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Conclusions

As-deposited DED material exhibit comparable
g properties with conventional materials
g ﬁ; oo H-N DED 304L
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Conclusions
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Conclusions

As-deposited DED material exhibit comparable
g properties with conventional materials
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