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B. Pyttel et al. Very high cycle fatigue—Is there a fatigue limit?
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w Introduction: AM special features
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T. Ronneberg, et al. 2020
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r1 1. Introduction — AM special features

Typical Surface Roughness of Metal AM Processes
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1. Introduction: AM special features

S. Mirzababaei A Review on Binder Jet Additive M. Jaskari W. Jin, Wire Arc Additive Manufacturing
Manufacturing of 316L Stainless Steel of Stainless Steels: A Review
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E\'\‘E;/J 2. Fatigue testing — Lab. Scale vs. component scale
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rn 2. Fatigue testing — Inner defects (LPBF)
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wa 2. Fatigue testing — Inner defects
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Fatigue strength LPBF

Polishing enhances the fatigue strength
if near-surface pores are not reached
Machining is the most effective route to
enhance (~50%) the fatigue strength
since it removes the near-surface pores

Inner defects

Near-surface defects
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Sample cross-section in the test area
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3. Fatigue strength LPBF/LDW
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316L: AnISOtropy B. Blinn et al. 2018
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Axial R=-1,2 Hz

Load direction = horizontal / vertical direction

Cylindrical specimen

Machined and polished

Significantly lower in vertical build
direction

Similar fatigue strength between LPBF
and larger scale LDW

Lack of information on very high cycle
properties
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Nominal stress amplitude [MPa]

3. Fatigue strength LPBF vs. wrought
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10000000

LPBF manufactured samples have
clearly lower fatigue strength than

wrought AISI 316L

(Surface quality)
Internal defects: density and distribution.
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wn 3. Fatigue strength: LPBF

500
5 0316L 84.3 J/mm”3
=400 A316L 50.8 I/mm"3
5 A
E
£ 300
]
2 200
=
£ Axial R = -1
Z 100 | Load direction = vertical direction
Cylindrical specimen
o Slightly ground and electropolished
1000 10000 100000 1000000 10000000

Lifetime [cycles)

M. Jaskari, A. Jarvenpdad, to be published 2021

\ I / [J/mmA3] [MPa] [MPa] [%]

[%]

50.8 458 610 22.6

33.2

F M T 83.4 452 570 26.3

47.4

In z-orientation, the HCF fatigue resistance is
very sensitive to lack of fusion defects
Porous structure has poorer LCF strength
What is the VHCF strength ?

Is it possible to optimize the structure ?
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Nominal stress amplitude [MPa]

3. Comparison between LPBF and Binder Jet
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P. Kumar et al. 2020
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[\.5] 3. Comparison between WAAM and wrought
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[\,\JE;’] 3. Challenge with LPBF
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T. Ronneberg, et al. 2020
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vy 3. Optimization

Aircraft Design
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Gunther et al. (2017)

HIP treatment increases the fatigue strength of AM
nearly to same level that measured with the
wrought metal

The difference between Ti6AL4V AM and wrought
is smaller than with AISI 316L

Only a few study published on VHCF of AM
metals

Wrought metal seems to have saturated fatigue limit at e9 —e10
cycles

Fatigue limit of AM does not saturate, decreases all the time ?
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A 4. Surface deformation — Shot peening
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[‘é’.’] 4. Surface deformation
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M. Jaskari, A. Jarvenpdad, to be published 2021
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