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Introduction

= |n analytical strength assessments complex stress states need to be taken into
account

= The assessment for those complex stress states can be based on multiple different
approaches

= FEMFAT uses so called scaled normal stresses to account for these complex stress
states (proportional and also non-proportional)

- In the following these scaled normal stresses will be investigated and generalized
and a proposal for integration into the FKM Guideline will be presented
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Scaled Normal stress approach — as used in FEMFAT

Material factor D€Pends on stress state

Normal stress
/ in section plane
) = [1+(175) v ot

T T; = fatigue limit for shear stress
fio== e .
O; o= fatigue limit for normal stress
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—> Scaled normal stress approach is used as default in FEMFAT

Gaier, C.; Dannbauer, H. A multiaxial fatigue analysis method for ductile, semi-ductile and brittle materials. Arabian Journal for Science and
Engineering. 2008, 33, 223-235.
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Scaled Normal stress approach

= Rearranging (more details in [1])

_19°Ce¢ ,R(t)+(1_q)'0e ,T(t) ]
O-eq,n(t)_ : Oeq,R(t) : Gn(t)
= q= 2 — &

—> Depending on g the scaled normal stresses represent the Rankine- or Tresca-
Hypothesis or a mixture of both

[1] - Wéachter, M.; Linn, A.; Wuthenow, R.; Esderts, A.; Gaier, C.; Kraft, J.; Fallgren, C.; Vormwald, M. On Scaled Normal Stresses in Multiaxial
Fatigue and Their Exemplary Application to Ductile Cast Iron. Appl. Mech. 2022, 3, 259-295. https://doi.org/10.3390/applmech3010018
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Principle stress diagrams depending on the material group

Steel, Wrought Aluminium: GJM, Cast Aluminium: GJL:
g=0 (Tresca) g = 0.75 (mixture) g = 1 (Rankine)
f.e =0.5 fio =0.75 f.o = 1.0
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Generalization

= Further generalization

eq X(t)

eq R(t) O (t)

where 0., x(t) can be represented by any strength hypothesis
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Generalization

= |n the following we will propose the generalized scaled normal stresses in the
following formulation for use inside the FKM Guideline

q'ceq,R(t)+(1 _q)'ceq,Mises(t) ]
0)
Ueq,R(t)

()

0-eq,n(t)z

= (q depends on the ductility of the material
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Principle stress diagrams depending on the material group

Steel, Wrought Aluminium: GJM, Cast Aluminium: GJL:
g = 0 (von-Mises) g = 0,75 (mixture) g = 1 (Rankine)
f.o =0.577 fio =0.75 f.o = 1.0
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Example application and comparison with FEMFAT — Experimental data
critical area

= Test specimen is a EN-GJS-500-14
* R, =532MPa, R,= 420 MPa C«_ % _»>

= Test configuration:

» pbending and torsion
= proportional and non proportional loading
» constant amplitude and variable amplitude

—> 82 data points for comparison purpose
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Example application — Calculation approach — FEMFAT

Input values

Scaled normal
External loads

stresses

Calculation

Material data

|FEMFAT

Material group
+ Rp(mean
value from
tensile test)

Material
generator

Influence

Factors
FEMFAT defaults
+
Rotating principal
stresses influence

(Non-)proportional
SN-curve

Linear
Damage
Accumulation
in section
planes

Result

Number of
cycles of

component
N = min(N;)

N
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Example application — Calculation approach — FKM Guideline

Input values Calculation Result

Scaled normal

External loads e

; Synthetic
Material data SN-CUrve New influence
Material group factor based
+ Rm(mean on nonpro-
value from portionality

tensile test)

Linear
Damage
Accumulation
in section
planes

Number of
cycles of
component
N = min(N;)

(Non-)proportional
SN-curve

N
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Example application and comparison with FEMFAT
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FKM Guideline (constant amplitude)
(new approach using scaled normal stresses)

FKM Guideline (variable amplitude)
(new approach using scaled normal stresses)

FEMFAT (constant amplitude)
(Default Settings + influence rotating principle axis)

FEMFAT (variable amplitude)
(Default Settings + influence rotating principle axis)

Note: In this calculations no safety factors are considered

FKM Guideline FEMFAT
T m T
28 3,37 15

1,24
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Example application — Calculation approach — FEMFAT

Input values

Scaled normal
External loads

stresses

Calculation

Material data

|FEMFAT

Material group (EENE
+ R, + cyclic generator
material data

(&, o;, b, €)

Influence

Factors
FEMFAT defaults
+
Rotating principal
stresses influence

(Non-)proportional
SN-curve

N

Linear
Damage

Accumulation
in section
planes

Result

Number of
cycles of
component
N = min(N;)
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Example application and comparison with FEMFAT — optimized material

103

103

10* 10° 10°% 107 10® 10°

Nexp (log)

m IMAB R. Wuthenow, A. Linn, M. Wachter, A. Esderts

%,

»au+’  Institute for Plant Engineering and Fatigue Analysis

A

FKM Guideline (constant amplitude)
(new approach using scaled normal stresses)

FKM Guideline (variable amplitude)
(new approach using scaled normal stresses)

FEMFAT (constant amplitude)
(Default Settings + influence rotating principle axis)

FEMFAT (variable amplitude)
(Default Settings + influence rotating principle axis)

Note: In this calculations no safety factors are considered

FKM Guideline FEMFAT FEMFAT (optim.)
M T m T m T
1,24 28 3,37 15 0,46 13
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Conclusions

= Scaled normal stresses can be used with every arbitrary strength hypothesis

Oe ,X(t) .
oe:,R(t)] (!

0-eq,n(t)=

= Scaled normal stresses are proposed as a new approach for use in the
FKM Guideline

= Exemplary comparison of FEMFAT and a new approach for the FKM Guideline on a
GJS 500-14 shows similar accuracy

= FEMFAT results can be further optimized using additional experimental data
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