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- Overview of Multidisciplinary Fatigue Analysis by FEMFAT
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|[FEMFAT ESIEIEE

FINITE ELEMENT METHOD FATIGUE

By Magna Powertrain
Engineering Center Steyr GmbH & Co KG

FEMFAT (Finite Element Method FATigue)
Multidisciplinary Fatigue Analysis — comprehensive modules solve any tasks

Benefits

June 2023 / FEMFAT Support

Fatigue life, damage, and safety
factors for all types of loading

Compatible to all common FE-codes

More than 500 material datasets and
Material Generator

Full choice of influence parameters
on fatigue analysis

Integration into automatic optimization
workflows

Combines engineering know how and
standards

Open SPOT and WELD database

© MPT Engineering / Disclosure or duplication without consent is prohibited

A MAGNA

Applications

Unique & patented multi-axial
fatigue hypotheses

Multi-axial fatigue analysis of
stochastically excited systems in the
frequency domain

Analysis of metals, composites,
rubber and fiber reinforced plastics

Assessment of point connections
(SPOT welds, rivets, FDS...) and
line connections (seam welds,
adhesive bonding)



The exclusive analysis of stress in a traditional way doesn‘t often reveal damage

occurrence at the right point A MAGNA
Traditional view Modern life-cycle stress analysis

maximum
stress

critical
location

} Only modern fatigue analysis tools are capable of predicting critical crack locations and the number of
load cycles until failure

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 6



Depending on the stress state, joining technique or analysis target different

FEMFAT modules are used for analysis A\.\MAGNA
FEMFAT modules
|FEMFAT [SEE]® |FEMFAT RELs |FEMFAT Eslss: IV ZN strain
" plast [MAMBA |
| break
(' EHD)
|FEDIS]|
IMNOISE|
[MAMBA |

|FEMFAT [Es I[EEENd spectral  |[EENIENE laminate

parallel

Load - PSD

Frequency
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Depending on the stress state, joining technique or analysis target different R
FEMFAT modules are used for analysis MMAGNA

FEMFAT strain is an extension module for processing fatigue strength analysis
using time history data from strain gages attached to components, and for _
checking the correlation between measured and calculated stress and strain. |FEMFAT Bty

€ STRAIN Calc:
Processing measured strains directly without FE model for durability and strength analyses

4 STRAIN Comp:

Checking the correlation between measured and calculated stresses and strains using
virtual strain gages at FE model

1

Component on the Test Bench Specimen S/N Curve Component on the Test Bench Component under FE model from the Component
a B a static/dynamic loading
5 - le _x_ No FE-model of the L
< oy - component is required N 4 -
> X "
N

H Specimen S/N Curve
* Material Strength Data Influence Factors
A 4
|FEMFAT Influence Factors [FEMFAT a
v Material properties
Strain-Time-Histories STRAIN Calc v Prop: Measured strain-time-histories STRAIN Com Calculated strain-time-histories
@ Strain Gauges (SGs) Stress gradient @ Strain Gauges (SGs) P @ Virtual Strain Gages (VSGs)
), v Mean stress influence
s6 ‘MQ\/ A b v logical influences
soz] et Output v size influence
soal e/ Vs > Da(rjnage ’ v Temperature influence
. » Endurance Safety Factor
o) v Pl fi
s6 N].AAuaﬁ\mam—L > Local S/N Curve Parameters astic deformations
@ each defined SG

STRAIN Calc STRAIN Comp
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A MAGNA

Virtual Strain Gauge model (1/2)
 Definition

@® Measurement Grid Node

® Direction grid Node
i

Move .

'/\ [||]|:> e iy g
[ O 0
Virtual strain gauge model

Three-node shell element

© MPT Engineering / Disclosure or duplication without consent is prohibited
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Virtual Strain Gauge model (2/2)

 Virtual Strain Gauge: Modeling guideline

— Predefined triangular model
» Using three-node linear shell element
* Node color (CID) is defined according to gauge type
« Material label (MAT ID) is defined for three-node shell element

— Attribute-free triangular model
» Using three-node linear shell element
« Strain gauge is defined by GUI using EIDs

— Node to Node
*  Two nodes of NID is defined by GUI

A MAGNA

Linear strain gauge modeling

Rosette strain gauge modeling “Node-to-node” modeling

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 10



* Development of the plugin - How it started?
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Development of the plugin - How it started?

< Current issue raised by TOYOTA >
- Creation/Handling of Virtual Strain Gauges for FEMFAT Strain is COMBERSOME!

- Not easy to create/handle “collapsed CTRIA"...
- Specific ID/Coord/Material settings...
- Relevant inputs required after imported to FEMFAT Strain...

Import/Export button

Virtual Strain Gauge

in FEMFAT Strain
(collapsed CTRIA)

- Gauge definition is NOT compatible with FEMFAT Strain...
* It should be made in pre-processors...

<What is expected >
- Enable ANSA to create/handle Virtual Strain Gauges, available for FEMFAT, also for META!

www.beta-cae.com B



current Workflow

Red: Data including strain gage characteristics

Blue: Data from/to Nastran
Green: Data from measurement

META
Parametric Point Path
(*.xml)

PreProcessor

Nastran bulk data
(*.nas)

EERE I RilE
(*.csv)

W

META

POST PROCESSOR

Nastran Solver

Calculation Result
(op2, etc)

Nastran bulk data

(*.nas)
w/Virtual Strain Gauge

FEMFAT strain

FEMFAT
Strain Gauge Definition
(*.sco)

www.beta-cae.com



new Workflow

Red: Data including strain gage characteristics

Blue: Data from/to Nastran

META
Parametric Point Path
(*.xml)

META

POST PROCESSOR

W

ANSA

PRE PROCESSOR

Nastran bulk data
(*.nas)

Nastran Solver

Calculation Result
(op2, etc)

INCLUDE . . FEMFAT
g . o
Virtual Strain Gauge Strain Gauge Definition

(*.dat) (*.5c0)

FEMFAT strain

www.beta-cae.com B



- The functionalities of the plugin
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Launch the plugin

[ Gyelic Hardening/ Softening

[B] ANSA v22.0.1 (C;/_PRJ/200325-FEMFAT/221025-samples-internal-chk/sample_DOOR/vsg_sample_mod V/SG2.ansa) - X
File Tools Utilities Lists Assembly Analysis Tools Plugins Windows Help [ Search Functions and Filters R
= mD B M- ~ RN
ENEEE OUEES 6OL=%> wa= >
Q Name Number Visible 8 sample_mod_VSG2. ansa, x
[ v FE %
] GRIDs» INFO |~
Material Behaviour Output Signal Length e

> COORD | FEMFAT = A NEW | PASTE | ALIGN

> ELEMEN ) Finite Element Data [sec] : | 0. 7 MOVE | MATCH ,EXPLODE,

> PROPER tress Comparison META Lﬁ THICKNES, UTIL | DELETE

>

[

o ey:;Ejb‘ trein Comparison || irement Data [sec] - | 0| g vissiiey . O on ® o COORDs INFO
EAGE CORD1 | CORD2 | CORD3R
cows | b Mame Mode Tupe Length Top/Bottom E1 E2 ED File o1 IE1 c2 IE2 c3 I3 Dim Mit Re HIERARCHYCHANGE TY|
HOTPO] 1 LINOT CTR LN 120  TOP a8 G/ FEMFAT work/input/measurementct £ 1 0.000000 -=== - 11.000000 1 LA D
POINT 2 R4501CTR R45 120  BOTTOM 63 67 B4 GJFEMFAT work/input/measurementtct 2 00000003 0000000 4 0000000 -=== ~ 1000000 1

¥ FE Auxilias 3 R6001 GTR R60 120  TOP 103 113 123 G/ FEMFAT work/input/measurementtct (315 0000000 6  0.000000 7 0000000 = ~ 1000000 1 CBAR || CBEAM || ROD
INCLUDE 4 LINO2 ALL LN 150  BOTTOM 183 G/ FEMFAT work/input/measurementtxt (38 0.000000 = ~ 1000000 1 CBUSH | RBE2 | RBE3 |

v MB Contail 5 R4502ALL R45 150  TOP 143 152 160 G/ FEMFAT work/input/measurementtct 18 0000000 10 0000000 11 0000000 ~ 11000000 1 CONMi_,| SHELL , SOLD ,
ANSAPA 6 RG002 ALL RGO 150  BOTTOM 186 193 198 Ci/FEMFAT work/input/measurementbet (12 0000000 13 0000000 14 0000000 = ~ 11000000 1 GWELD | GBEND | GACINF

O v ANSA Auxi CRACD | UTIL | DELETE
U WELANE 3 o B.C.SETs» INFO
EDGE
spc MPC LOAD
DLOAD NSM_ |FILE LOAD

THERMAL , MFLUID
BCs» INFO
SPC , MPC , FORCES ,
PLOADi , DAREA , DOFSets ,
ACMODL PANELS | NSM
TEMPBC , TEMP , THERMAL ,
TEMPRB _ BOLTFOR, DELETE ,
AUXILIARIES
CONTACT, TABLE , BOX
GEB , BCTADD | BCBODY
RSECTBT LC_POINT | RANDOM ,
HYBDAMP = SOL200 , NXSTRAT
PEM , MONPNT | SONATE ,

Virtual Strain Gauge Utilities () Options List x

X |Code generation completec A|
Feature VIRTUAL STRAIN_
VIRTUAL_STRAIN_GAUGE
Feature VIRTUAL STRAIN_

< , o DO QESH-Xer

ENT PID b
b T4t ]

ENT,@ ﬁ@@'@[jj'f@”
goe gr-cie

Infe
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GUI of the plugin

[ vsa List

Material Behaviour

[ Cvelic Hardening/ Softening

Cutput :

Stress Comparison
Strain Comparison

Finite Element Data [sec] : |

Measurement Data [sec] : |

Signal Length :

FEMFAT :

o META &

0] vsa visibility . O on @ioF

________ L‘b Mame Mode Type Length Top/Bottom E1 EZ E3 File C1 1Bt cz IE2 ca IE3 Dim hAlt Rp
1 LN CTR  LIN 120 TOF 38 CY FEMFAT work/input/ measuramentbda £ 1 0000000 ——-— ¥ 1.000000 1
2 R4501 CTR  R45 120 BOTTOM 53 67 94 C/FEMFAT work/input/measurementtxt 512 0000000 3 0000000 4 0000000 —--= * 1000000 1
3 RE0 CTR  RED 120 TOP 103 113 123 C/FEMFAT work/input/measurementtxt B35 0000000 6 0000000 7 Q000000 |——-— * 1000000 1
4 LIM02 ALL LN 130 BOTTOM 133 G/ FEMFAT work/input/ measurement txt £ 8 0000000 ———= T 1.000000 1
3 R4502 ALL  R45 130 TOF 143 152 160 C/FEMFAT work/input/measurementtxt £ 9 0000000 10 0000000 11 0000000 |—==-= ~ 1000000 1
6 RE002 ALL  RED 150 BOTTOM 186 183 198 C/FEMFAT work/input/measurementtxt B3 12 0000000 13 0000000 14 0000000 ---= ~|1.000000 1

<>Common Settings

- Material Behaviour, Output, Signal Length

{>Strain Gauge List View

- Creation and list up of gauges
- edit settings (measurement file, etc)

<OFEMFAT File Input/Output
- [Output] -+ VSG Model File (*.dat) , Definition File (*.sco)

* [Input]

<{>META File Output
- Parametric Point Path File (*.xml)

{OVSG Visibility

-+« VSG Model File (*.dat)

- visualize gauges defined on current model

www.beta-cae.com




Creation of Virtual Strain Gauges

* RMB>Add Gauge on the list view

« Input/select each field (Lb, Name, Length, Mode, Type, Top/Bottom)

+ specify Center Pt on the model

« confirm Normal Vec. preview (invert/arbitrary direction is also available)

+ specify X direction Pt
 confirm Virtual Strain Gauge preview
» press Create/OK button

@:vsg_sample_mod_VSG2.ansa, Current Part: points_org

B vsc st

Material Behaviour Output Signal Length
Finite Element Data [sec]
Stress Comparison

Gyclic Hardening/ Softening
Strain Comparison

Measurement Data [sec]

FEMFAT

META -

VEG Visibility

Uh Name Mode Type Length Top/Bottom Ef E2 E3 File 1 IE1 G2 IE2 C3 IE3 Dim Mt Rp

B New strain Gauge

Strain Gauge Attributes

Lk 13 Meode
Name RE0.05 Type
Length 2| Top/Bottorm

Strain Gauge Positions

Center Pt $75.41900, 442 89200 @
Normal Vec 433,-0.99879,-0.04693
Kdirection Pt -873961479,443.82473 @

www.beta-cae.com



Definition of Virtual Strain Gauge

- Nastran CTRIA is created according to the input.
* In case of Type=R45/R60, 3 CTRIAs are aligned to counter-clockwise around Normal Vec.
- CD is set for the node lying at the middle of each CTRIA.

_ 45 degrees
G2 -~ X direction Pt ,”
Type=LIN Type=R45
G3 = Center Pt G3
@ ------- >
J

, Y X direction .
Center Pt Length

Type GRID TOP/BOTTOM CORD_RID
LIN G1 TOP 601
G1 BOTTOM 701

G2 TOP 602, 603, 604

R4S, R60 G2 BOTTOM 702, 703, 704

www.beta-cae.com



Interface with FEMFAT Strain

& “FEMFAT File Ouput” exports 2 following files :

»

<>VSG Model File (*.dat)

- NASTRAN CTRIAs and relevant cards
- INCLUDE statement (specifies solver input file name)

<>Definition File (*.sco)
- compliant to original *.sco (meas. file, etc)

X
FEMFAT | ™ 4
0.

META : &
0] vsavishiiy: Oon ®
2 IE2 3 IE3 Drim AL R

———= T 1000000 1

7o aannanna A1 [F] output VSG files ®

NCLUDE File Name (nas) |v5gﬁamp|e,mod,\f862 nas ‘ s

WG Model File Pathidat) : [¥sample DOOR/strain_gauge dat @ B3|«
Definition File Path (sco) |OORfstr‘aim_gauge_deﬁnitiom sco @ V|El <

Ok Cancel
Evaluation of fatigue in FEMFAT Strain is possible by reading solver input/result(*.nas/*.op2)
and 2 files mentioned above(*.dat, *sco)
“FEMFAT File Input” imports the following file : [t s, BB
<OVSG Model File (*.dat) 4= B
Strain Gauges can be imported and applied to another model  maCm o i e o B omwowos oot 7 oo ==
through VSG Model File (*.dat) E YT < A S ETe e AT e e M s A s

"

www.beta-cae.com B




Interface with FEMFAT Strain

Virtual Strain Gauges defined in ANSA plugin

Matarial Behaviour Qutput Signal Length

FEMFAT B &

. Finite Element Data [sec] 1
[l oyelic Hardening/Softening Stress Comparisen ‘ | v L4
B Strain Gomesrieon | |\)oocirament Date [sec] : [ i bl -
| VSG Visibility . ® on O off
% Name Mode Tvpe Length Top/Bottom E1 E2 E3 File ot et c2 2 G e Mt Re
©OUNOT AL UN 20 TGP 1 measurement bt B 0000000 ~ 1000000 1
2 LNz GTR LN 20  BOTTOM 2 measurement txt B 0000000 ~ 1000000 1
3 LNO3 OTR LN 20  TOP a neasurermenttxt B 0000000 - 1000000 1
4 LNO4 OTR LN 20  TOP 4 measurementtxt & 0000000 - 1000000 1
5 R4501CTR R45 20 TOP 5 6 7 messursmenttt® 0000000 0000000 0000000 * 1000000 1
9 R4SO2CTR R4S 20 TOP & 0 10 messurementtxt® 0000000 0000000 0000000 + 1000000 1
7 R4S03GTR R4S 20 BOTTOM 11 12 18 messurementtct £ 000000 0000000 0000000 - 1000000 1
8 LINOS GTR LN 20  TOP 14 measurementtxt B 0000000 - 1000000 1
5 LNOG ALL LN 20  TOP 15 neasurermenttxt B 0000000 - 1000000 1
10 RE0.O1 OTR REO 20  TOP 16 17 18 measurementt<tl 0000000 0000000 0000000 ~ 1000000 1
11 RE002 CTR RO 20 TOP 1920 21 measurementtxtf] 0000000 0000000 0000000 —-== ¥ 1000000 1
12 R45.04 CTR 20 Top measurementtxt B 0000000 0000000 0000000 === * 1000000 1

Fatigue calculation in FEMFAT Strain

Strain Gage Data
1 STRAIN Comp
Strain Gage Definition

Auto Fill Anchor
Number of Strain Gages: 12/ (= mport [ Bwort | 2% pelete Al

[ Gage Label O rast
Current Strain Gage: DA Delete
Type EU/Nd1  EUND2  EUNd3 File B 2 |
[T] 1 3 ] CFEMFAT 1000000 | 00 5
un  E2 JFEMFAT work/Dataftestt 2 0.00000
un  E3 C/FEMFAT work/Dataftesttt 3 0.00000
uN  Es CYFEMFAT work/Dataftestha 4 000000
Res Es Eo E7 CYFEMFAT work/Dataftesttt 5 000000 6 000000 7
Ras  Es Eg E0 CYFEMFAT work/Datatestt 8 000000 ¢ 000000 10 L
Ras En En2 E13 CJFEMFAT work/Dataftesttd 11 000000 12 000000 13  0.00000 1.000
un  Et4 CYFEMFAT_work/Dataftestta 14 0,00000 1.000
un  Ets CYFEMFAT work/Dataftesttd 15 0.00000 1.000
R0 E16 E17 Eis CYFEMFAT work/Data/testtt 16 000000 17 000000 18 1.000
R0 E19 E20 E21 C/FEMFAT_work/Datatesttxt 19 000000 20 000000 21 1.000
Ras  E22 E2s E2e CYFEMFAT work/Dataftesttt 22 0.00000 23 000000 24 1,000
Material Sehaviour Output

[ stress Comparison
[ cyclic Hardening/Softening Elastoplastic Stresse = s
[ strain Comparison

www.beta-cae.com



Interface with META

& “META File Output” exports the following file:
<{>Parametric Point Path File (*.xml)
- compatible with Strain Gauge of META

o]
o]

FEMFAT :

META : &

WSG Visibility : O on @]

C2 IE2

Strain Gauges defined by the plugin are available also in META

V2301 (CPRI /22102550

FENGAT/FEMFAT work/D SOUID_SHELL sress el nas B VSG2ansa.
Utities Lists Assambly Anaiysia Took Pugna Windows Halp 5

P M S T A (A xIx D) GP AW

Sanet Longth

[Finita Elnant Dan

NEW | PASTE | auoN
MOVE | WATCH , EXPLOGE,
IHICKNES, UTIL , DELETE

(TR— N |

Meda Tyme Longm TopsBotiom
AL N 0
TR N z0
TR N zo
o
20 [ = 8 0000000 7
o0 0000018 0000000 10
20 FRERY © 0600000 10
o
20
0 16 0000000
20 000009 20
R304CTR R8s 20 20 73 74 CIFEMFAT work/ Dntafsmst it 322 0000000 20

INFo
CORD2 | CORDIR

T

THERMAL, MFLUID

TEMPRE , BOLTFOR, DELETE ,
AUXILIARIES.
CONTACT, TABLE | BOX

. BCTADD | BCBOOY

Virtual Strain Gauge Utities
3 Ny P & p
021 1646 x L4 : iy NS 2% - gg,‘!"&.+‘- >

Festure VIRTUAL STRADL i
% ~ IO~ (T

: : © PEs:-Te> o

Optiora List
X [USER  nakano
DEC

DATE

mZOES-@DH-0-
Epe EE-Cre

2
=

C3 IE3 Dim hlt Rp

——-= ¥ 10000001

a A AfANNA A Aannnnn L w4 Aannnnn 4
Bmemat - o x
Flo Took Lois Reats Cacuets View Faon oar Tookors Wi Fas Hulo 5 - SR
P Basutn * @O NEBERSESR, I QF> swa -5 - veurs
Fie Formar [ T—
s Bl Parametic Fiet Paths. % im_SOLID_SHELL_stress_model.nas : ORIGINAL STATE v
ooty | Futs [ Puth b Faeh Ty B Foiet Rand 7. Ty
Frama Mot ®
. AT /PR, fomoct 8 sencea ]
Cortares St Gau
R Stain G
-
St G
Stsin G
Stmin Gage
f—
Stoin G
St Ga
Stain G
Stmin G
I R
24P
Sten G v
= b
5253 3
00
Dm0 <
Cmchma
Dimermnrs
inart argn £
e, om
— o
[ cobr
| A Transefss 5
e a T
Foak 1 - oneeis @ i
@&
‘ 000 - Bl S I
T T ae-pid. LA 0 8
— *lhcthe ot term =[N term -1 varm -
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ANSA Plugin of Virtual Strain Gauge Utilities for FEMFAT

- Overview of Multidisciplinary Fatigue Analysis by FEMFAT
- Development of the plugin - How it started?

- The functionalities of the plugin

- Use case

- Conclusions
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Problem def|n|t|

Fatlgue analysis of dlff
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Challenges A MAGNA

1. How to perform fatigue analysis for the differential cage with variable loads?

» Want to perform fatigue simulation with real vehicle condition.
- There are 961 timesteps (7.96sec.) of load condition.

Fatigue damage

961 timesteps

Torque

2. How big is the orientation sensitivity of strain gauge measurement?

» Want to compare the correlation between testing and simulation. R
- What is the deviation coming from measurement?

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 25



Motivation A MAGNA

1. Itis possible to detect following info from FEMFAT
« Strain Gauge Position = “Most critical damaged node”
« Strain Gauge Direction = “Critical Cutting Plane Vector”

before measurement

’ ) 2
VA

‘D (@) Where to be attached?
° What direction?
What DMS type?

How big the deviation?

Strain Gauge
Check correlation test and simulation Fatigue analysis attachment
by FEMFAT strain Damage distribution

2. In general, the sensitivity of Strain Gauge orientation is very high!!
=> It is essential to find the appropriate position to be attached the Strain Gauge.
=» Measured position should be less sensitivity to the orientation.
= Meaningful measurement to compare with FE simulation.

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 26
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Fatigue S|mulat 1R cedure
From FE modeling till = " =

N\
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Fatigue analysis procedure

FE model setup by ANSA Load-Time history conversion
FE analysis with unit load by FEMFAT LAB

Vanable Torque (T(t) Nmm)

A MAGNA

Strain Gauge Definition by ANSA
Fatigue analysis by FEMFAT

e~ =M -
aa e ‘J ‘IJ"’"". = :
> / \|’/ \ Fid
- | ‘ l o - oo e
'/ 2 oS e
11 }\-& v Pl eey ry : S oo
[ i- ==l | 3
SEEIM 0 * dat, *.nas\“
Forward :1.000Nm Variable RPM (r(t) * sc0
Backward :1.000Nm
Damage distribution Strain Gauge
‘I:LSU(LI S:ﬁggwrmrm workicm2023_Differential_Gear. unp (analysed with FEMFAT 2023) | Compar.son
e e *.sts, *.sps

2
83
£2 :
Node Label *E ‘ Damage d;= — Load spe;trum Memr:s
¥ 3, M3, 13
G jl M o~ A My, n,
R 2 I N A My
3 \.\ 1
l w
a
‘ Ny N, Ny Load Cycles 2
T
ESl

e

MEAN

@ each nodes

time t
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/ MMAGNA

results
1> 4 posmons

Fatigue S|mulat|

Detect strain gauge orie tat

i ——

© MPT Engineering / Di losure ﬁ",-m on-without consent is prohibited
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Detect evaluation positions M MAGNA

One of the max. stress at time point Detect strain gauge measurement position
Stress distribution at time point 59 Four positions from damage distribution
g?;?g;é%i;g&ii?vgﬁ m;kg\cs"ffjlfgggre gg::f(;ﬁ;?\fééps (analysed willt EEMEAT.2023) I \élEs;elljlle_?r S:?ﬂ:ﬁa;} ((::\FEMFAT_work\cm2023_DifferentiaI_Gear_v01 fps (analysed with FEMFAT 2023) I

MIN: 0 MAX: 1.01e+03

MIN: 1e-30 MAX: 0.000482

TIMESTEP: 59 /961
oo [l Pos4: N222513 oo I
Damage: 2.264e-6 (0.5%) '
M |Pos2: N248190 Te-85
Damage: 1.973e-5 (4.1%)
200 1e-06
- Pos3: N292765 1007
Damage: 5.433e-7 (0.1%)
150 1e-08
125. 1e-09
100 17— 1e-10
I b1e?;1\nj ]

Pos1: N87893
Damage: 4.821e-4 (100%)

=» Four positions were extracted from stress and damage distribution.

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 30



Posl: 100% of most critical damage at N87893

Upper Stress: 656MPa (100%)
Equiv. stress @Time point = 59

Visualizor 2023 - C\FEMFAT_work\cm2023_Differential_Gear fps (analysed with FEMFAT 2023)
STRESS (ChannelMAX) VON MISES - Shall. TOP - Solid. SURFACE

SCALE: LINEAR
MIN: 000511 MAX: 101e+03
TIMESTEP 50/ 961

KUl
Sampies

Parkal Damage History Diagram (Node Label « 07893)

i {0 n

w U o
Sampies

T 0 m

Tots! Damage Hestory Diagram (Node Laowl = 07693)

9 Sress 653501 Partisl Damage 000113178 Total Damage 0.0001830%

K 7] [0
Sampies
Reset Markers Close.

June 2023 / FEMFAT Support

[FEMFAT]

HNode Label: 87893
Von Mises: 6.2810+02

Lower Stress: -297MPa (100%)
Equiv. stress @Time point = 183

Visualizer 2023 - C\FEMFAT_work\cm2023_Differential_Gear fps (analysed with FEMFAT 2023)
STRESS (ChannelMAX) VON MISES - Shell TOP - Solid SURFACE
SCALE LINEAR
MIN:0.00511 MAX: 1010+03
TIMESTEP: 183/ 961

[FEMFAT]

Node Label 87803
Von Mises: 2 8430402

250
25
200
175
150
125
Sanpees 100
Packal OaNRY FAU EiSrae (o Label= 07801) u
e
6 19005 ’
i
e < | 1| o s e e b | L .
i 0 i l Wi Wit 751
s
e bolow [_]
Tots Damage History Diagram (Node Label = 17603) L
0000482
2588
2007w
¥ 80015
(e
" 19 m 0 ‘MY 01
z Sampres
X | Gumpter 185 Swess: -297.137 Partial Darmager 0000113778 Totsl Damages 600088205 [ Markers oo

© MPT Engineering / Disclosure or duplication without consent is prohibited

A MAGNA

FEMFAT: 4.281e-04 (100%)
Damage & Critical Cutting Plane Vector

Visualizor 2023 - C\FEMFAT_workicm2023_Differontial_Goar fps (analysed with FEMFAT 2023)
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Posl: Suggested strain gauge orientation by FEMFAT & macna

« N87893 position and Critical Cutting Plane Vector & 9-gauge positions

N87893 |

Linear Strain Gage
Center arrow = Target position (white highlight)
Surround eight arrows = Check sensitivity
Gauge tolerance = +/-0.6mm
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Posl: Sensitivity of strain gauge position / overall A MAGNA

Stress [MPa]
800

i

——Posl_SG01 ——Posl_SG02 —Posl_SG03
——Pos1_SG04 ——P0s1l_SGO05 Posl_SG06
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Posl: Sensitivity

Stress [MPa]
800

max. stress level at Pos1

600
400

200

-200
min. stress level at Pos1

-400
0.0

June 2023 / FEMFAT Support

of strain gauge position / zoom-in A MAGNA

*1) Pos1l_SG06
Posl_SG06 ——Posl_SGO0

Pos1_SGO00

0.5 1.0 1.5 2.0
Time [sec.]

*1) It was compared the negative deviation of strain gauge position from Pos1_SGO00.
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Pos2: 4.1% of most critical damage at N248190

Upper Stress: 432MPa (65.9%)

Equiv. stress @Time point = 59

ps (analysed with FEMFAT 2023)
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A MAGNA

FEMFAT: 1.973e-05 (4.1%)
Damage & Critical Cutting Plane Vector

Visualizer 2023 - C\FEMFAT_work\cm2023_Differential
RESULT: Damage

SCALE LOGARITHMIC
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Pos2: Suggested strain gauge orientation by FEMFAT & macna

* N248190 position and Critical Cutting Plane Vector & 9-gauge positions

N248190
N248190 ,

Linear Strain Gage, Length=1.52mm
Center arrow = Target position (white highlight)

Surround eight arrows = Check sensitivity
Gauge tolerance = +/-0.8mm
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Pos2: Sensitivity of strain gauge position / overall A MAGNA

Stress [MPa]

800 Pos2_SGO01 Pos2_SG02 Pos2_SGO03
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Zoom-in
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Pos2: Sensitivity of strain gauge position / zoom-in A MAGNA

Stress [MPa]
800 *1)
——P0s2_SG05 ——Pos2_SG00

max. stress level at Pos1

600

g
AAARS

200 21%—

/A A 2\ A\ A A\ A\

-400
0.0 0.5 1.0 15 2.0

Time [sec.]
*1) It was compared the negative deviation of strain gauge position from Pos2_SGO00.
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Pos3: 0.1% of most critical damage at N292765

Upper Stress: 291MPa (44.3%)
Max. VM stress @Time point = 28

Visualizer 2023 - C\FEMFAT 3_Difterential_Geat fps
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[FEMFAT]

Lower Stress: -72MPa (24.2%)
Min. VM stress @Time point = 182

Visualizer 2023 - C\FEMFAT_work\cm2023_Differential_Gear fps (analysed with FEMFAT 2023)
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A MAGNA

FEMFAT: 5.433e-07 (0.1%)

Damage & Critical Cutting Plane Vector
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Visualizer 2023 - C\FEMFAT_workicm2023_Differential_Gear fps (analysed with FEMFAT 2023)
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Pos3: Suggested strain gauge orientation by FEMFAT g macna

* N292765 position and Critical Cutting Plane Vector & 9-gauge positions

Linear Strain Gage, Length=1.52mm

Center arrow = Target position (white highlight)
Surround eight arrows = Check sensitivity
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Pos3: Sensitivity of strain gauge position / overall

Stress [MPa]
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Pos3: Sensitivity of strain gauge position / zoom-in A MAGNA

Stress [MPa]

800 *1)
Pos3_SGO08
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max. stress level at Pos1

600

400

200

-200

min. stress level at Pos1

-400
0.0 0.5 1.0 15 2.0

Time [sec.]
*1) It was compared the negative deviation of strain gauge position from Pos3_SGO00.
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Pos4: 0.5% of most critical damage at N222513

Upper Stress: 373MPa (56.9%)

Max. VM stress @Time point = 58
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A MAGNA

FEMFAT: 2.264e-06 (0.5%)
Damage & Critical Cutting Plane Vector

Visualizer 2023 - CAFEMFAT_workicm2023_Differential_Gear fps (analysed with FEMFAT 2023)

RESULT: Damage
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Pos4: Suggested strain gauge orientation by FEMFAT & macna

« N22513 position and Critical Cutting Plane Vector & 9-gauge positions

Linear Strain Gage, Length=1.52mm
Center arrow = Target position (white highlight)
Surround eight arrows = Check sensitivity
Gauge tolerance = +/-0.5mm
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Pos4: Sensitivity of strain gauge position / overall

Stress [MPa]
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Pos4: Sensitivity of strain gauge position / zoom-in

Stress [MPa]

800 *1)
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*1) It was compared the negative deviation of strain gauge position from Pos4_SGO00.

June 2023 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited 46



Summary

* When it is small radii with stress concentration area, the
measured stress deviation can be high. (Pos4, ~50%)

Pos4: N222513
Damage: 2.264e-6 (0.5%)

A MAGNA

ith FEMFAT 2023) [FEMFAT

* When it is flat area with homogeneous stress distribution,
the measured stress deviation can be low. (Pos3, ~5%)

* Itis not only the offset of the position (~0.5mm), but also
the orientation of the direction, it is possible to have
massive deviation in the stress history. (Pos4)

to11
beiow [

Pos1: N87893
Damage: 4.821e-4(100%)

Position | Damage Measured Stress Deviation (tolerance) Remark
(Target position)

Convex shape with small radii
Equivalent fillet R = 5.1

Posl 4.821e-4 (100%) 637 / -289 MPa -13% / -11% (+/-0.6mm)
P0oS2 1.973e-5 (4.1%) 433/ -168 MPa -24% | -21% (+/-0.8mm)
Pos3 5.433e-7 (0.1%) 292/ -72 MPa -6% / -2% (+/-3.0mm)
Pos4 2.264e-6 (0.5%) 338/ -97 MPa -47% | -48% (+/-0.5mm)
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Concave shape with small radii
Equivalent fillet R = 5.2

Flatter shape with large radii
Equivalent fillet R = 15.0

Concave shape with small radii
Equivalent fillet R = 3.0
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ANSA Plugin of Virtual Strain Gauge Utilities for FEMFAT

- Overview of Multidisciplinary Fatigue Analysis by FEMFAT
- Development of the plugin - How it started?

- Overview of the functionalities of the plugin

- Use case

- Conclusions
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Conclusions

* ANSA-plugin and FEMFAT strain are possible to examine where is the
best position (less sensitivity, meaningful position) to be attached the
strain gauge before physical tests.

- It is easy to locate virtual strain gauge by ANSA, and it is easy to prepare
the necessary input data for FEMFAT strain.

- The definition of virtual strain gauge is possible to be used for META, too.

NOTICE: This plugin requires a license feature, different from ANSA/META(pre-post package).
Please contact us for details via:
- Our web site : https://beta-cae.jp/index.html
- Technical support : support@beta-cae.jp

www.beta-cae.com B
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