®

Strength proof according to the FKM-Guideline within
Creo Simulate

Markus Kolbl | ITD | ZF Test Systems




6_ Implementation and Using femMeshFKM

7_ Postprocessing in Creo

@ 2018-03-22 | ITD | Strength proof according to the FKM-Guideline within Creo Simulate © ZF Friedrichshafen AG 2



@ 2018-03-22 | ITD | Strength proof according to the FKM-Guideline within Creo Simulate © ZF Friedrichshafen AG 3



Test Systems

Sales 2016*: 86.8 million €
Growth 2002 - 2016 12 % p.a.

1000 test systems in 40 countries

at 3 O O customers.
* non consolidated

.........................................................................................................................................................................................................................
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Test Systems

Product Overview / Test Systems for...

5 ()

Transmission
Components and Oils

Transmissions and Axles Tires and Wheels Brakes

.........................................................................................................................................................................................................................

@ 2018-03-22 | ITD | Strength proof according to the FKM-Guideline within Creo Simulate Internal © ZF Friedrichshafen AG



Use from creo simulate in our business unit
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Use of Creo Simulate
Static Analysis

Structural-mechanical analyses with strength proof for:

* Measuring rims

* Load wheels and drums for tire and vehicle test benches
» High-strength screw connections

* highly stressed welded connections

* Flywheel masses under centrifugal load
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Use of Creo Simulate

Modal analysis / Frequency analysis

Test bench for E-drive components rotor- Test bench for rotary oscillation damper in the
dynamic drive train converter gear rotordynamic drive train
Displacement Mag (WCS) 743864
Displacement Mag (WCS) — — (mm) 6.97373
{mm) —_— — Deformed 650881
;:iu;]‘:: 1.3335E+01 Max Disp 7.4386E+00 s

Scale 3.0672E+01

Scalo 1:5812E+01 — Mode 36, +2.9689E402 ol
Mode 43, +5.9357E+02 5.11407
r = ; 464915

418424
3.71932
3.25441
278949
232458
1.85966
1.3%475
0.92983
046492
0.00000

ol

. o [

[]

" MAindow1* - Emobility_\8 - Emobility V8

“Window1" - p_dat_SPA_V5c_0p0115 - p_dat_SPA_V5c_0p0115

00 00000000000000000000000000000000000000000000060000000000000000060600600060600600000006000660006060000000000000060000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscssscscssssssss
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Motivation

* The strength verification according to FKM with FEM results is time-consuming and requires a separate tool, e.g.
KISSsoft.

» The strength verification was so far only carried out at individual points of the model. The selection of verification points
is usually based on the equivalent stresses. The following influences can not or not sufficiently be considered.

e Locally different limit value of strain or plastic notch factor
* The location of the most critical combination of stress amplitude and mean stress
¢ The local stress gradient

« femMeshFKM was developed from ZF for railway applications (IX), where FEM calculations are performed with Permas.
Postprocessing was done in Hyperworks.

e For ZF Test Systems, femMeshFKM has been extended to use Creo Simulate data. The postprocessing can be done also
in Simulate.
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Installation

* Copy the files from the program folder into a work directory
in this example D:\Arbeitsverzeichn_CAD\femMeshFKM

s — El ™y

@i iv|| » Computer » System (C:) » User » p02438 » femMeshFKM v|+-y| femMeshFKM durchsu. pl
Organisieren = In Bibliothek aufnehmen ~ Freigeben fir - Neuer Ordner = - :D Q
| officesuite i Name
| p02438 §
“.| batch.bat
| aclab

£ Biegestab_schwellend.xml

| Audible
. £ Biegestab_wechselnd.xml

| Biegestab _

5| femMeshFKM.exe
| cadenas I ) ]

|:| 5| maxMinTensor.exe

| Ccreo E _

[H| linearSuperposition.exe
| FBL Workshop :

5 creo2unv.exe
| . femMeshFKM

& fkm_materials.xml
| GoogleChrome

| HSU_Messfelgen
| . IrfanViewPortable > | 1

8 Elemente
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Installation

» Add the work directory to the m Create a user-defined variable with the working directory
Windows search path path, if the variable is already existing, add it as the first
Sys;r;t;uerung P | entry and separate it with a semicolon

‘ Umgebungsvariablen fiir dieses Konto bearbeiten |

Umgebungsvariablen - ~ - u
Einstellungen fur PersnneWgebung andern

Von Personen in meiner Umgeb an- oder abmelden

Benutzervariablen fir 2184055

Variable Wert il
D:\Arbeitsverzeichn_CADYT-34279_FEM... \i

SAPKM_USER _T... %LOCALAPPDATAZ:\Temp

TEMP %USERPROFILE%:\AppData\Local iTemp f P
T™P SEUSERPROFILE:\AppData'LocaliTemp ™ I Benutzervariable bearbeiten |i
NeU... ] ’Bearbeiten...] [ Léschen ]
Mame der Variablen: Path
» Systemvariablen » Wert der Variablen: D:\Arbeitsverzeichn_CAD\femMeshFKM
Variable Wert |+ [ — ] [ Abbrechen
ApplicationData AppData‘Roaming 4

CommonAppData  C:\ProgramData
CommonDesktop  C:\Users'Public\Desktop

CommonDocume,., C:iUsers\Public\Documents &
Neu... Bearbeiten... Léschen
[ oK ] ’ Abbrechen
- Weitere Ergebnisse anzeigen
— =

( umgebung‘ l X‘ ‘Hemnterfahren 3 ‘ '

.........................................................................................................................................................................................................................
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Example bending beam with notch
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Example bending beam with notch

¢ Cylindrical beam with notch and
uniaxial bending 3

3
g [100mm 326 0616mm
™
v 4 Lasten/Randbedingungen _
Fixing at one end » [[ik Randbedingungssatz ConstraintSe Fz = 100N
face v [ Lastsatz 02_bending_y

laenge = 100-mm

'f:‘.:, [mm] B_ 100“
v [ Lastsatz 01_FKM N LON
- Dummy B = Fzaenge = AU
Wp = = = 100mm’
32
. _ Mg
® One load set with bending in 'y o= o~ = 100MPa
direction B
. . Modelleigenschaften
® Additional load set with dummy 2 Materialien
for FKM results (Watorial s7)
[Einheiten millimeter Newton Second (mmNs)]
Genauigkeit Absolut 0.01
Masseneigenschaften
00N

For stress results in in MPa

ZF start modell has millimeter Kilogram Sec mmKs\
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Example bending beam with notch

Name
bending_notch
Beschreibung:

[] Nichtlinear/Ladehveriaufe verwenden [] Massentragheitsentlastung

Beschrinkungen

[] Randbedingungssatze kombinieren
Randbedingungssatz/Komponente

™| ConstraintSet1 / BENDING_BEAM

Lasten

Lastsatz/Komponente

#01_FKM / BENDING_BEAM
¥]02_bending_y / BENDING_BEAM

Ausgeschlossene

Konvergenz Ausgabe Elemente

Methode
Adaptive Einschritt-Konvergenz

Lokale Netzverfeinerung Kontaktkraft uberprufen
Zur Presseinpassung gegenseitige Durchdringung ignorieren, wenn groler als: g mm

Erweiterte Steuerung...

OK Abbrechen

2018-03-22 | ITD | Strength proof according to the FKM-Guideline within Creo Simulate

Einstellungen fiir Rechenlauf
Verzeichnis fiir Ausgabedateien
@ C:\User\p02438\Biegestab

Verzeichnis fiir temporare Dateien
@ |C:\User\p02438\Biegestab

Elemente
[[] Standardwerte Obergehen
Elemente aus vorhandener Netzdatei verwenden
Elemente wahrend Rechenlauf erzeugen
Elemente einer vorhandenen Studie verwenden

&

Ausgabedatei-Format
O Binar ASCII
[[] Standard-Ergebnisschablonen in Creo.

StandardSchablone
[] Bei Abschluss der Analyse Ergebnis zeigen

Einstellungen fiir Gleichungsléser

v Speicherzuteilung (MB) 1024|

[ lterativen Gleichungsloser verwenden
Max. lterationen 3000
Nach dem P-Lauf 2

OK Standardeinstellungen

ortieren
Necessary for
postprocessing with
femMeshFKM
Abbrechen

[ Erweiterte Steuerungen verwenden

Ziel far maximalen Spannungsfehler

5 %
Lokaler Spannungsfehler

Punkte, Kanten, Flachen, Volumina, Komponenten

Flache
Flache

Ziel fur lokalen Spannungsfehler
3 %

OK Abbrechen

Internal

Reduced local stress error
for notch area

00 00000000000000000000000000000000000000000000060000000000000000060600600060600600000006000660006060000000000000060000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscssscscssssssss
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Example bending beam with notch

Maximum element size 1 mm
in notch area

2x Grofe:1 [mm]

rofe: ! [mm]

00 00000000000000000000000000000000000000000000060000000000000000600000600000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s00scsssssssssns sesese
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Example bending beam with notch

Von-Mises-Spannung (GKS)

{MPa)

Verformt

Skala 2.6869E+01
Lastsatz:02_bending_y : BENDING_BEAM

@* * Von Mises stress

"Window1" - bending_notch - bending_notch

335.243
314.208
293.354
272.409
251.465
230.520
209.578
188.631
167.687
146.742
125.798
104.853
83.9088
62.9643
42.0198
21.0753
0.13078

Verschiebung Betrag (GKS)
(mrm)

Verformt

Max Versch 3.7217E-01
Skala 2.6869E+01

Lastsatz:02_bending_y : BENDING_BEAM

=-..

Deformation

"Window1" - bending_notch - bending_notch

037217
0.34891
0.32565
0.30239
027913
— 0.25587
! 0.23261
— 0.20935
0.18609
- 0.16283
— 0.13857
— 0.11630
0.09304
0.06978
0.04852
0.02326
0.00000
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Example bending beam with notch

m Copy simulate results for postprocessing

to femMeshFKM work directory

Mesh geometry

Stress results for each load set

File extensions are assigned acco

g

to ASCII sorting of the names of the

load sets

01_FKM => .s01
02_bending_y => .s02

cesees

ecesesecssscscccs

cese

Name

bending_notch.all
bending_notch.al2
bending_notch.avg
bending_notch.buc

P N
i [EET
bending_notch.cnv =
bending_notch.d01 @O-| |« System (C) » User » p02438 » femMeshFKM | 44 || remmMeshiFcm qurchsuchen o
bending_notch.d02 Organisieren ~ Offnen Neuer Ordner = O e
bending_notch.e0l I officesuite “ Name Anderungsdatum Typ
. | p02438 }
bending_notch.e02 L aciab ~| batchbat 07.11.2017 11:39 Windows-Batchda...
F : bending_notch.neu 12.01.2018 12:20 NEU-Datei
bending_notch.maor | Audible
— bending_notch.s01 12.01.2018 12:22 S01-Datei
bending_notch.n01 ) | | bending_notch.s02 12.01.2018 12:22 S02-Datei
| cadenas -
bending_notch.n02 L creo W] creoZunv.exe 01.06.2017 14:59 Anwendung
B W femMeshFKM.exe 01.06.2017 14:59 Anwendung
bending_notch.neu |. FAMOS
L E £ fkm_materialsxml| 24.08.2017 10:11 XML-Dokument
H | orkshop :
bendmg—nOtCh'le CH]| linearSuperposition.exe 01.06.2017 14:59 Anwendung
| femMeshFKM : i ~
bending notch.p[}2 R ® maxMinTensor.exe 01.06.2017 14:59 Anwendung
- | eam
bending_notch.rol ). FSKP
P GoogleCh
bending_notch.r02 w Googlethrome
i | Hankook
bending_notch.res e | ] I r
. 3 Elemente ausgewahlt Anderungsdatum: 12.01.2018 12:22
bending_notch.s01 S
bending_notch.s02 L J

cese

bending_notch.solution

0000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000cscsssoscssssssss
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Implementation and Using femMeshFKM
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Convert model from Simulate to UNV

" | batch.bat - Editor

potel Dearbelten format Ansht 7 « Convert the Simulate mesh to the format UNV
s e Execute the program creo2unv.exe with batch file. Use

echo - . . .
B the file ending with .neu from the Simulate result folder
Er‘eoZunv.exe bending_notch.neu ] I ' as pal‘ameter

cls

s e creo2unv.exe creates a file with the same name
ho. . .

2Ehg create additional zero load set end|ng n .unv

Tinearsuperposition.exe 0.0 bending_notch.s02

cls

echo.

echo acalculate amplitude and mean stress at each node Name
maxMinTensor.exe -o bending_notch bending_notch_1inSup.unv bending_notch.s02

cls -] batch.bat

echo. B

echo strength verification bending_notch.neu
femMeshFKM --creo_file bending_notch.s01 bending_notch.xml i

cls bending_notch.s01

bending_notch.s02

echo fertig -
| bending_notch.unv

B | creo2unv.exe

B | femMeshFKM.exe

! fkm_materials.xml

[H linearSuperposition.exe

........................................................................................................................... | ] '] maxMinTensor.exe ceceeeseeesscssscccceceteeesssssscctccctteessssssssseee
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Create additional load cases by linear superposition

With the linearSuperposition.exe program, load sets can be scaled or superimposed.

B ptehet_E Generates a new stress file _linsup in the
Datei Bearbeiten Format Ansicht 7 . .

GEcho off formats .unv and .hwascii scaled with the
cls specified factor 0.0 from the specified stress

echo. file bending_notch.s02

echo translate mesh definition from Creo to UNV

creo2unv.exe bending_notch.neu
cls Name

cls “| batchbat

echa

cho create additional zero Tload set bendi h
inearsuperposition.exe 0.0 bending_notch.s02 ending_notch.neu

bending_notch.s01

cls

echo. .

echo acalculate amplitude and mean stress at each node bending_notch.s02
maxMinTensor.exe -o bending_notch bending_notch_1inSup.unv bending_notch.s02 bending_notch.unv

cls - = =
ocho. bending_notch_linSup.hwascii

echo strength verification |
femMeshFKM --creo_file bending_notch.s01 bending_notch.xml

cls i creo2unvexe
i | femMeshFKM.exe

bending_notch_linSup.unv

echo fertig

£ fkm_materialsxmi
[H linearSuperposition.exe

........................................................................................................................................... ® | maxMinTensor.exe Jeceecscacccanccancccnccencccnncane
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Create additional load cases by linear superposition

With the linearSuperposition.exe program, load sets can be scaled or superimposed.

"l batch.bat - Editor Creates from the specified stress files
Datei Bearbeiten Format Ansicht ? Felge_9_5X20_01.502

@echo off Felge 9 5x20 01.s03

21?10 Felge 9 5x20_01.s04 new stress files
echo Lassaetze ueberlagern _linsup in the formats .unv and .hwascii
q'rizgar'SUper'posit'Ton.exe Felge_9_5x20_01.502 Felge_9_5x20_01.s503 Fe1ge_9_5x20_01.504] ‘ with a linear SuperpOSition for each node
cls -

echo. Name
echo Modell von Creo nach UNV uebersetzen (fuer Anzeige in HyperView)

echo.

crep2unv.exe Felge_9_5x20_01.neu

creo2unv.exe Felge_9_5x20_01.501 Felge_9_5x20_01.502 Felge_9_5x20_01.s503 Felge_9_5x20_01.s504
cls

Felge_9_5x20_01.unv
Felge_9_5x20_01_01.hwascii
Felge_9_5x20_01_01l.unv
Felge_9_5x20_01_02.hwascii
Felge_9_5x20_01_02.unv

3

3

3

echo. =

3
4 Felge_9_5x20_01_03.hwascii

3

3

3

3

echo Maximale Amplitude und Mittelspannung an jedem Knoten bestimmen
maxMinTensor.exe -o Felge_9_5x20 Felge_9_5x20_01_02.unv Felge_9_5x20_01_TinSup.unv

Felge_9 5x20_01_03.unv
Felge_9_5x20_01_04.hwascii
Felge_9_5x20_01_04.unv
Felge_9 5x20_01 linSup.hwascii

cls

echo.

echo Dauerfestigkeitsnachweis nach FKM

femMeshFKM --creo_file Felge_9_5x20_01.s501 FKM_Felge_9_5x20.xm]l
echo fertig

| Felge_9_5x20_01_linSup.unv

............................................................................................................................................................................
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Calculation of amplitude and mean stress

» For the strength verification, the amplitude and the
associated mean stress must be calculated at each node.

» maxMinTensor.exe generates with the specified name

i betcn oot _ Edioy a file with the ending .hwascii and _amp.unv

Datei Bearbeiten Format Ansicht 7 .

@Echo off (amplitudes), _mean.unv (mean stress), _max.unv
s (maximum stress), _min.unv (minimum stress)

echo. MName

echo transTlate mesh definition from Creo to UNV i

creo2unv.exe bending_notch.neu 5 creo2unv.exe
cls B femMeshFKM.exe
cls 5| linearSuperposition.exe
echo. L : ]
echo create additional zero load set # | maxMinTensor.exe
Tinearsuperposition.exe 0.0 bending_notch.s02 r )

= fkern_materialsxml
cls bending_notch.neu
echo .
[echo_aca'lcu1ate amplitude and mean stress at each node . ] — bending_notch.s01
maxMinTensor.exe -o bending_notch bending_notch_1insup.unv bending_notch.s02 bending_notch.s02
cls bending_notch.unv
echo. i ) B
echo strength verification _ ] bending_notch_linSup hwascii
EﬂMeshFKM --creo_file bending_notch.s01 bending_notch.xml bending_notch_linSup.unv

= batch.bat

echo fertig bending_notch_amp.unv

bending_notch_max.unv

bending_notch_mean.unv

bending_notch.hwascii

.......

..............................................................................................................................................................................

bending_notch_min.unv
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Material properties

Material database fkm_materials.xml:

<Material

* Create material with data from the FKM guideline according to the comments in the

database.

J fkm_matenalsxml - Editor

Datei Bearbeiten Format Ansicht ?

?xm] version="1.0" 7>

<l-- Materials database for use with femMeshFKM

Entries for each material:

name="EN-GJ5-400-15"

number="0.7040"

type="Gl1s"
R_m_N="400"
R_p_N="250"
A:II15II

f_W_sigma="0. 34"

f_w_tau="0.65"
6="0. 05"
b_G="3200"

a_R_sigma="0.16"
R_m_N_min="400"

a_M="0.35"
b_M="0.08"

N_D_sigma="1eb6"

k_sigma="5"

N_D_II_sigma="1le6"

k_II_sigma="5"
K_NL_E="1.0"
K_a="1.0"
d_eff_N_m="60"
a_d_m="0.15"
d_eff_N_p="60"
a_d_p="0.15"
f_sigma="1.3"
f_tau="0.65"
K_NL_Zug="1.0"
K_NL_Druck=

" oo"
2018-03-22 | ITD | Strength proof according to the FKM-Guideline within Creo Simulate

{Gl1s, AluGuss}

Zugfestigkeit, Kapitel 5

Strecknrenze Kanitel §

Bruchc {GJS, GJL, GIM, Stahl, GS, AluGuss, AluKnet}
Zugdruckwechse1fest1gke1tsfakt0r
schubwechselfestigkeitsfaktor, Tabelle 4.2.1
Konstante fiir stitzzahl, Tabelle 4.3.2
Konstante fiir stitzzahl, Tabelle 4.3.2
Konstante filir Rauheitsfaktor, Tabelle 4.3.5
Minimale Zugfestigkeit fir Rauheitsfaktor,
Konstante fir M1tte1spannungsempf1nd11chke1t
Konstante fiur Mittelspannungsempfindlichkeit,
Knickpunktzyklenzahl, Tabelle 4.4.3
Neigungsexponent, Tabelle 4.4.3
Kn1ckpunktzyk1enzah1 Tabelle 4.4.3
Neigungsexponent, Tabelle 4.4.3

Faktor fir GIL, Tabelle 4.3.8 (defauTt: K_NL
Anisotropiefaktor, Kap. 3.2.1.5

Konstante fiir Grokenfaktor bzgl. Rm, Tabelle
Konstante fiir Grokenfaktor bzgl. Rm, Tabelle
Konstante fiir Grokenfaktor bzgl. Rp, Tabelle
Konstante fiir Grokenfaktor bzgl. Rp, Tabelle

Tabelle 3.2.5
Tabelle 3.2.5

Druckfestigkeitsfaktor,
schubfestigkeitsfaktor,
Faktor fir GJL,
Faktor fir GJL,

Tabelle 3.3.2 (default: K_NL_
Tabelle 3.3.2 (default: K_NL_

Tabelle 4.2.1

Tabelle 4.3.5

Tabelle 4.4.1
Tabelle 4.4.1

_E=1.0)

3.2.
3.2.
3.2.
3.2.

RSN SN SN )

Zug=1.0)
Druck=1.0)

Internal

/=

E.NL..DrUGKSY

name="42CrMo4 QT"
number="1,7225"
Lype="stahl"

R m N="1100"

R p N="90Q"

A: ”10 m

f W sigma="0.45"
f W tau="0.577"

=mn 0 . 5 n

_“‘: na2q0Qmn

R sigma="0.22"

~m N min="400"

_M="0.35"
M="-0.1"

N D sigma="le6"
k_sigma="5"

N D IT sigma="le6"
kK IT sigma="5"

K NI, E="1.0"

K A="1.0"

d eff N m="16"

a d m="0.3"

d eff N p="1e6"

a d p="0.4"

f sigma="1.0"

f tau="0.577"

K NL Zug="1.0"

oW

oo
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FKM-Verification Input

* For the FKM strength verification create input file .xml. The mesh, the amplitude stress, medium stress and material
database that were previously generated are specified.

« Optionally, the maximum stress can be specified for static verification. By default, the static verification is performed with
the high stress and the low stress (from the mean and amplitude stress)._

e R_z: average roughness Sec. 4.3.1.4 L ending mot
. . Datei Bearbeiten Format Ansicht ?
o d_eff: effective diameter Sec. 3.2.1.4 k?ﬁnﬂ r=Ton="L 0" 75
. <FkmInput>
e K_V: Surface treatment factor Sec. 4.3.3 <Genera;5$¥ings - )
. ; mesh_file = "bending_notch.unv"
¢ K—S' Coatmg factor Sec. 4.3.4 a.mph'tude_s-t;t_a%s_fﬂg :d"bendingﬁnotch_amp.unv"
. mean_stress_file = "bending_notch_mean.unv"
¢ N: Number of CYC|€S Sec. 4.4.3.4 material_database_file="fkm_materials.xml"
« J_D: Total safety factor for fatigue strength verification Sec. 4.5.3 i;efaMtF,SMSem-ngﬁ )
« J_ges: Total safety factor for fatigue strength verification Sec. 3.5.2 e an—ane="42Crio4_qT
d_eff="10"
K_v="1.0"
K_s="1.0"
N:"le6"
j_D="1I.I5" n
+ K_p: Plastic notch factor Sec. 3.3.1.1, table 1.3.2 for cross-sectional shap T
- - - - - - /}
stresses or estimation according to (3.3.10) and (4.3.3) if no data is giver|_ JEkmInput>
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FKM Strength verification

* The program starts with the input file as parameter

* With the same name as the input file, femMeshFKM
creates a file with the extension .hwascii

" | batch.bat - Editor

Datei Bearbeiten Format Ansicht ?

@Echo of f and a lodfile .log
cls ¢ When running femMeshFKM, you can overwrite an
echo. . - . * .
echo tr'ans'latg mgsh def'in;']t'ion from Creo to UNV existing stress file *.s0x with the result of the
cheosuny- exe bendingnoteh. neu strength verification by using the --creo_file option.
s The original stress file is saved with the suffix
echo. H H
echo create additional zero load set _orlg.SOX In the same fOIder'
Tinearsuperposition.exe 0.0 bending_notch.s02
cls
echo.
echo acalculate amplitude and mean stress at each node Name
maxMinTensor.exe -o bending_notch bending_notch_1inSup.unv bending_notch.s02
cls bending_notch.log
ha
ho st th ificati bending_notch.s01
Egmﬁe:hgmg——cﬁggif}'clg E)gﬂding_notch.sm hending_notch. xml ]_ =
cls bending_notch.hwascii

echo fertig bending_notch_orig.s01

bending_notch.xml

bending_notch_min.unv
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Postprocessing in Creo

®  When running femMeshFKM, you can overwrite an existing stress file *.s0x with the result of the strength verification
by using the --creo_file option. The original stress file is saved with the suffix _orig.sOx in the same folder.

femMeshFKM.exe --creo_file MyAnalysis.s01 config.xml

m The *.s0x file created in this way will be copied to the unused load case 01_FKM of Creo Simulate and can be
displayed with the Simulate Postprocessor.

m The results of the strength verification are written to the file as stresses and strains. The table indicates the translation:

Cyclic analysis Static analysis

Six a_BK_sigma_v cyclic degree of utilization €, a_SK static degree of utilization

Syy j_act_cyclic actual factor of cyclic safety €,y j_act_static actual factor of static safety

S,y N_allow admissible number of load cycles €y n_pl plastic limit acc. to (3.3.7)

S, s_a amplitude stress g, K p plastic limit acc. to (3.3.8)

Sy, s_m mean stress g, sigma_v equivalent stress for static analysis
g G neens O TATIZE0 SUress Bratiant g 5B ST 1 WAJoF PHEIDIE Strass for seatic aHalysTs:
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Postprocessing in Creo
Static Verification

equivalent stress acc. FKM
for static verification [MPa]

@\ y
"Window1" - bending_notch - bending_notch

335.195
314.245
293.295
272.346
251.396
230.448
209.497
188.547
167.597
146.848
125.698
104.748
83.7987
62.8490
41.8993
209497
0.00000

static degree of utilization

SN

"Window1" - bending_notch - bending_notch

0.53771
1.00000
0.90000
0.80000
0.70000
0.60000
0.50000
0.40000
0.30000
0.20000
0.10000
0.00000
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Postprocessing in Creo
Fatigue strength verification — swelling load

Amplitude stress
[MPa]

"Winclow1" - bending_hoteh - bending_notch

185.305
173.051
160.797
148.543
136.289
124.035
111.781
99.5273
87.2733
75.0192
62.7652
50.5112
38.2572
26.0032
13.7492
1.49522
-10.7588

185.305
162.174
139.042
115.910
92.7789
69.6473
46.5157
23.3841
0.25246
-22.8792
-46.0108
-69.1424
-92.2740
-115.406
-138.537
-161.669
-184.800

Mean stress
[MPa]

"Winclow1" - bending_noteh - bending_notch

0.67251
1.00000
0.90000
0.80000
0.70000
0.50000
0.50000
0.40000
0.30000
0.20000
0.10000
0.00000

Cyclic degree of utilization

"Winclow1" - bending_noteh - bending_notch

)
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Postprocessing in Creo
Fatigue strength verification — alternating load

® And the same for an alternating load?

m Create instead of the zero load set an additional load set with inverted sign

| batch.bat - Editor

Datei Bearbeiten Format Ansicht ?
@Echo off

cls

echo.

echo translate mesh definition from Creo to UNV
cqeoZunv.exe bending_notch.neu

cls

cls
echo.

echo create additional #& Yad set
TinearSuperposition. exd bending_notch.s02

cls

echo.

echo acalculate amplitude and mean stress at each node

maxMinTensor.exe -o bending_notch bending_notch_1inSup.unv bending_notch.s02

cls

echo.

echo strength verification

f$mMeshFKM --creo_file bending_notch.s01 bending_notch.xml
cls

echo fertig

.........................................................................................................................................................................................................................
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Postprocessing in Creo
Fatigue strength verification — alternating load

Amplitude stress
[MPa]

x

"Window 1" - bending_notch - bending_ncich

370.621
346.112
321.603
297.094
272.586
248.077
223.568
199.060
174.551
150.042
126.534
101.025
76.5164
52.0078
27.4991
2.99041
-21.5183

Mean stress
[MPa]

"Window 1" - bending_notch - bending_ncich

0.00349
0.00304
0.00258
0.00213
0.00168
0.00122
0.00077
0.00032
-0.00014
-0.00059
-0.00105
-0.00150
-0.00195
-0.00241
-0.00286
-0.00331
-0.00377

Cyclic degree of utilization

"Window1" - bending_notch - bending_notch

1.04879
1.00000
0.90000
0.80000
0.70000
0.60000
0.50000
0.40000
0.30000
0.20000
0.10000
0.00000

&)
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Documentation of the verification

Used Simulate
results

| bending_notch.neu
| bending_notch.s02
| bending_notch_orig.s01

With creo2unv and linSup
created data

| bending_notch.unv
| bending_notch_linSup.hwascii
| bending_notch_linSup.unv

Next to the Simulate
results folder, create a
FKM folder with the
following subfolders

With MaxMinTensor created With femMeshFKM created

data data and according input data
a) ). 01.Creo

i i batch.bat
" | bending_notch.hwascii B | 02 CreoUNV

i bending_notch.|
| bending_notch_amp.unv . ng_| og | 03 MaxMinTensor

i bending_notch.s01
| bending_notch_max.unv ng_! ) 04.FKM

| bending_notch_mean.unv | bending_notchxml
" | bending_notch_min.unv ® fkm_materialsxml

m Create and archive slides
with the most important
results
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Restrictions, open points

e Currently only 3D elements are supported. 2D elements and 1D elements (beams) are not supported.

* The use of the ASCII format is significantly slower in the calculation of the analysis and in the post-processing than the
standard binary format.

¢ FemMeshFKM is used outside of Simulate without an own user interface.

* The viewing of the deformed state is not possible for the results of femMeshFKM.
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Thank you for participation
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