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Motivation

+ ADDITIVE MANUFACTURING TECHNOLOGIES

High design flexibility

Suitable for adaptive
solutions

Sustainable production
(reduction of waste)
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Challanges

G

B material properties
_ - -
misuse /ﬁ transferability
overloads Lﬂ/ B considering the main influences
B reliable assessment of different loading
standard service loads conditions and components
B improved ratio of computational effort

and simulation accuracy

_____________ — Enable the light weight potential and get
life a benefit of design freedom of additive
extention: manufacturing.

load spectrum

load amplitude (log)

number of cycles to failure N (log)
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Influences on the structural durability

® Internal
®m Surface: irregularities:
roughness, pores,
notches, un-melted particles,//,
open pores lacks of fusion

O a

® Residual stress cw ® Microstructure:
II g
Ly [Pm . . . .
o grain orientation,

grain boundaries,

A J

grain size,

inclusions

><V
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Influences on the structural durability

B Support structures

B Surface:
roughness,
notches,

open pores

B Process parameters

Laser related
Scan related
Powder related

Temperature related
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Influences on the structural durability
® Process related

Heating Cooling
0) (0]
i f Zthy Oth Oih
Interface with substrate Interface with substrate

® Residual stress °?

A J

><V

B Support structures

® Temperature of the
build platform

® Build orientation
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Influences on the structural durability
® Pores

" 4

® Internal
irregularities:

" pores,

B Lacks of fusion

W un-melted particles,

w lacks of fusion
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Influences on the structural durability
Different parameters - different microstructue

Equiaxed dendrites

AlSi10Mg

build direction

® Microstructure:
grain orientation,

build direction

grain boundaries,

grain size,

inclusions

Inconel718
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Fatigue Life Assessment Concepts

material
behavior

reference
life curve

methods

v

v

v

load-/ geometry-
based concepts

Re_ linear
elastic
e €
F a
a \\

fracture /
crack initiation
nominal stress concept,
elastic notch based
concept, etc.

local, material-
based concepts

elastic-
plastic

crack initiation

strain-based notch concept,
material based fatigue
approach concept

fracture mechanics

linear
elastic

elastic-
plastic

crack growth

linear elastic and
elastic-plastic fracture
mechanic

B Load-based concepts

- linear elastic stress-strain behavior
- homogeneous properties distribution

- sensitivity factors to shift the SN-line

M Strain-based concepts

- elastic-plastic stress-strain behavior

- describing the local material behavior of an

infinitesimal small volume

- pore geometry and distribution have to be

included to the FE-model
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Nominal stress concept

load amplitude o ,, (log)

K=1,0

R=-1

T=RT

labor atmosphere
sound material
polished

number of cycles to failure N (log)

K >1,0

R > -1

T>RT

enviromental conditions
pores, shrinkages,
surface roughness
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Local fatigue approach concept

Cyclic stress-
strain behavior
- —

Vo

Ser o e
Strain Amplitude <,

Characterization of the
cyclic material behavior
with strain controlled tests
on un-notched specimens

Stress Amplitude o,

Strain-life
curve
o L I ‘

plastic strain

N

o 0 W 0 00 o]
Cycles N, N (log)

Elastic-plastic finite-element analysis
using load assumption, boundary
conditions, cyclic stress-strain behavior
and component geometry

Accounting for mean stress effects a | ™ r-0
using damage parameters, for example ‘
according to Smith-Watson-Topper

%

Elastic-plastic
finite-element
analysis

L

%

Damage
parameters

PSWT
Py

o, £

Piecewise
Fatigue life estimation for variable amplitude loading e & e
may entail a piecewise calculation of the stress-strain path

if transient material behavior has to be considered

Damage accumul.
(single hystereses)
g

infinitesimal small
volume,

homogeneous
microstructure
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Incremental Step Test

stress evaluation Stress-strain hysteresis

load time function :
loops of a single block

damage sum D
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Reversal points describing the
cyclic stress-strain curve
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Cyclic transient material behavior

damage sum D
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structure stress amplitude o,
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initial loading

softening |

cyclic
,Stabilized”

crack initiation
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structure strain amplitude ¢,
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Fatigue Life Curve
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Test Equipment

B E-Cylinder test rig ® Piezo-based test rig
For low frequency, strain controlled For high frequency, stress- and strain
tests controlled tests

High frequency load
frame

Load cell in the flux

Clamping

50.0
10.0
5.0_
N ——

Specimen
> Displacement sensor

Temperature sensor

L]
\
A

Force transmission
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Scalmalloy - as built
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Magnification of the cross-sections
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Structural analysis of a magnification

® Inhomogeneous microstructure, influenced by up-and
down skin orientation

W Defects like pores and microcracks

— Local fatigue approach is required

Disadvantage: increasing numerical effort
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Representative Structure Element RSE
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M Representative Structure Elements:
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Ist order: sound material

=

lInd order: defects like pores, surface roughness

[l order: different microstructures and defects
Ist order RSE
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Numerical simulation effort

. RSE: no need to include pores geometrically

0 20 40 60 80 100 .
Computational time [%] 255393 elements 40770 elements
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Conclusions

Applying Representative Structure Elementes

2 Depending on the component orientation, scan and
1 support structure strategy different Representative
A -y

- —~ 3 Structure Elements can be used
xe) _g 4 - Stress-strain behavior derived by Incremental Step
% &) f,f Tests with a max amplitude related to the
e g [ 5 expected max service loads

© = r/ - Fatigue Life Curve to describe strain — fatigue life

relation
=
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Outlook - RSE based fatigue approach concept

Statistical size effect: size
dependent failure probabilities

Cyclic structure element properties

plastic total

Fatigue Life Curve

elastic

structure strain amplitude ¢, (log) %
2
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number of cycles to crack initiation N, (log). -

cyclic stabilised

hardening

work 1

initial loading
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structure stress amplitude o,

e
structure sf§ain amplitude ¢,

Transfer function for location and
orientation dependency of
material behavior

Transfer function for geometry-
dependent relation between
extrnal and internal load ratio

Rainflow-counting

I

Elastic-plastic finite- l
element analysis Damage parameter
Powr P
—>| Ps Pie o
P J

Transfer function for geometry-
dependent notch support effect

Transfer function for microstructure
related scale dependency of
material behavior

Stress-strain properties
depending on the

increasing damage sum
N

n

and coefficient K’ [MPa]

cyclic hardening exponent n’

v

Damage sum D

Piecewise calculated
stress-strain path
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et | |

Damage paramter P (log)

Damage accumulation
N
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h | |n,
load spectrum
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