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Overview N\ MAGNA

FEMFAT Software

2. Analysis in Time Domain
— FEMFAT basic

~  FEMFAT max
3. Analysis in Frequency Domain
— FEMFAT spectral

4. Joint Assessment in FEMFAT

—  FEMFAT weld
—  FEMFAT spot
— Assessment Method for Adhesive Joints

5. Non-metal Fatigue

— Assessment Method for Short Fiber Reinforced Plastics
—  FEMFAT laminate
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Software Products by Magna Powertrain A MAGNA

EEN ENEEYYE IEN  [DTeEE

Finite Element Signal Processing Simulation of Acoustic Energy
Method Fatigue for Fatigue Lab Joint Contact Simulation Management
and Simulation Phenomena Postprocessor Optimization
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Depending on the stress state, joining technique or analysis target different
FEMFAT modules are used for analysis.

M MAGNA

'FEMFAT modules
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Analysis Concept
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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
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S/N curve from the specimen is transformed depending on different influence
factors

Local Stress Concept in FEMFAT

 Stress Tensors

* Material Properties S/N; modified

« Stress Gradient by FEMFAT

* Mean Stress Influence
* MultiAXial Load
» Technological Influences \
e Size Influence /'
«  Temperature Influence S/N material

from specimen tests
 PLASTIc Deformations

« SPOT Joints
* Anisotropical Behaviour of Arc WELDs

Stress Amplitude

Load Cycles

* efc.
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For each node of the FE-model a synthetic S/N curve is defined depending on .
local temperature, surface roughness, stress gradient, ... M MAGNA

' Modification of local strength data in FEMFAT

Stress Amplitude

SIN,
\/ /

S/N material Load Cycles

: / SIN,
/

7

Stress Amplitude

S/N material Load Cycles

\/ : SIN,

S/N material Load Cycles

Stress Amplitude
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Data Processing
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The menu items in the GUI are processed from top to bottom to create a new job. M MAGNA

Data Processing in FEMFAT

by FEA |FEMFAT

FE Entities A
| : : I FE Entities
' | Stress Data Linear + PLAST
! Non-Linear ! i Groups
e ! @Istress Data

(2 Material Data

e el [LLnadSpecTra

*’ Mode Characteristics

1 1
1 1
| Load Data i
« EN-AW-7020 Groups ' ! Slnﬂuence Factors
. DP500 v 1Strain Gage Data
O assigned to —_
J T \ ?Analysis Parameters
Material Data i ! B output
1
I . ! % Report
h considered by !
N T 11 | _ ! i > Analyze
aCtmg on : : dhfisuallzatmn
1

v
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For the beginning it is recommended to use the default settings set in the GUI. Y
9inhing J M MAGNA
Data Processing in FEMFAT
* Analysis Target: I FEMFAT
Analysis Parameters
- Damage I FE Entities
L. — Endurance Safety Factor
* Anal_y3|3 Filter —  Static Safety Factor g Groups
« Cutting Plane —  Stress/ Strain Comparison [A stress Data
Parameters — Degree of Multiaxiality (MAX) o _
C=g Material Data
|l Load Spectra
Output —— Output of 6 node results (*.dma, *.op2, ...) 4 Node Characteristics

SInﬂuence Factors

Report —— Protocol of detailed node results (*.pro) [, strain Gage Data
?Analysis Parameters
: . BT : : & cutput
Visualization i FEMFAT visualizer Postprocessor
: “":.";.m;éu”:im Repnrt
B = « All results e 6 results ' Analyze
A I\ 7 D « Detailed evaluation ¥ visusizaton
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Groups can either be previously defined in the finite element application and be .
imported with FEM data or they can be created directly in FEMFAT M MAGNA

'Group—handling In FEMFAT

How to define _’: Assign properties :
groups? . INnFEMFAT

FEMFAT visualizer also provides an option for defining
—» node groups. These are stored in the permanent
scratch file (*.fps) and can be imported into FEMFAT.
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New groups can be created in GUI or VISUALIZER

M MAGNA

Create a group for a PID

[& FEMFAT 5.4 - subframe®

File View Analysis Options Templates Help

- [m] X

BASIC

. FE Entities
i Groups
@ Stress Data

ﬂ Material Data

L Load Spectra

*’ Node Characteristics
S Influence Factors
-JJ Strain Gage Data

? Analysis Parameters
o Qutput

Report

T Analyze
d\flsuahzamun
BASIC
ChannelMAX
TransMAX

HEAT Sehitoglu
SPECTRAL
SPOT Remeshing
STRAIN Calc

Results Manager

E> E n ﬂ Current Working Directory: C:ffemfat_workdir/i04_WELD

Groups
Manage Groups

1-8737
{4-5T52 & -+
e [, Import £ Update | | &% Delste All
6-PART 13 _VISU
|7 - PART 14 7-PART 14
Number of Nodes: 0
Number of Elements: 896
‘ List ‘ n Export ‘ P Delete
‘ é Rename l‘ Complete

Create/Madify Group Entries

Nodes MNodes Based on.. Elements o
O DETAILED
O Label: to b

m
@
=
=
@

[ de[ 4
O o o[ 9
ORelatedtoNode Label. | 0/t o
() Related to Nodes in Group: to
(O Material Table: ljl ljl
(@) Physical Property Table to B Add

() Element Type:

3N Triangle Linear ~

|[FEMFAT]|

~
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In GUI:

Example

o Go to Elements/ Physical Property Table

@ Select PID
@ Click New.
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In VISUALIZER:

() Select Nodes
@ Create a Group
Q Update GUI

Create a new Group

Group Name: IPART 13 _VIsU

MNo. selected Nodes: 527

Cancel |




Material Data
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There are two possible ways to define a material in FEMFAT. Read it from the .
material database or define a material using material generator M MAGNA

Defining a material

Automatic Generation
e Definition UTS

Material Database Material Generator

in [EEVIE:N) il FEMFAT

e 450 materials « Ta
[ \ Specimen

available « Material Data of Specimen
e expandable > ”
N “I \ Test
944  gSpecimen .
‘ / \ N
ucs uTs Zm « User Defined Material
I FEMFAT basic Break points/ Shape of Haigh
FINITE ELEMENT METHOD FATIGUE diagram depends on the material User Modified Material
class and come from internal « e High temp. values; E;
studies of FKM and TGL UTS; Yield; K’; n’ ...
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The creation of a new material requires the definition of a material class and

certain material parameters in tension. Check diagrams after definition

M MAGNA

Defining a material using stress data

I3 FEMFAT 5.4 - conrod™ - o x New Material
File View Analysic Options Templates Help

S = H | cumentWorking Directory: C:femfat_workdin01_BASIC FEMFAT Material Specification

bGroups 2 - USER_Stress ‘ :
[1-42Crlo4 Heat Treatable Stet Controlling: ® Stress

(L, stress Data 2-USER_Stress g O stain N : '

Cancel

e Material Generator

Define Material Parameters

Select Material Class:
BASIC Material Data Material Label: Heat Treatable (Tempered) Steels &
M Material 3 Iaterial Parameters
FE Entities Manage Materials } .
. TR R EE USER_Stress Tension Pressure  Bending Shear
Material Generator Diagrams

Ultimate Strength 1100.0 1100.0 12925
Yield Strength 900.0 900.0 1065.6

ﬂMaterial Data E? Import New Standard:

[ Load Spectra o e
pen

4 Node Characteristics (= S = /

alnﬁuence Factors Report x Delete Defect Definition

-JJ Strain Gage Data Haigh @

?Analyms Parameters @ Open
o OCutput

€ Click Stress Controlling with FKM Standard

9 Click New

@) Name it “USER_Stress“. Confirm with OK

@ Change material class to “Heat Treatable Steels®

@ Enter UTS. Enter YS and observe the change. Confirm with OK
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Pulsating Strength 7705 0.0 905.3
Altemnating Strength 495.0 526.6

635.1
519.6
43089

23536

Infa

specimen, fatigue strength coefficient.

Also these parameters are defined: Young's modulus, elongation at
rupture A5, cyclic hardening coefficient K, cyclic hardening exponent
n', slope of 3-N curve, cycle limit of endurance, survival probability,
thickness of specimen, roughness of specimen, temperature of

Cancel

() Check the Diagrams




Influence Factors
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Cycle limit, endurance limit and slope define S/N curve. S/N curve can be
continued after cycle limit in three ways

M MAGNA

S/N curve = Influenced Parameter

S/N curve is defined for R = —1
log(Stress Amplitude)

a

Inclination
k = tan(a) = b/a = m

Miner Original

Endurance Limit

y

log(Load Cycles)

Cycle Limit
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Endurance stress limit, slope and endurance cycle limit of local S/N curve are .
modified as well as specimen Haigh-diagram M MAGNA

Influence factors

Influences Endurance stress limit Slope Endurance cycle limit

Notch influence (by relative stress gradient)
Mean stress influence
Influence of surface roughness
Technological parameter influence
Tempering condition
Technological surface treatment

- Shot peening

- Rolling

- Carburizing

- Nitriding

- Carbonitriding

- Induction hardening

- Flame hardening

- General surface factor
Temperature influence
Statistical influence
Forging influence (technological factor)
Cast microstructure
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The locally considered S/N curve results from the superimposed

modification of all influences activated for the analysis.

M MAGNA

' Synthetic S/N curve

Stress Amplitude
o
a
=
F
a
o
3

[EEEEN X

Load Cycles

[
E
= Modificati f
g inclination
<
7]
0
o
=
@ e
[——
S/N material
from specimen tests
Load Cycles

Stress Amplitude

Modification of cycle limit

Load Cycles
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Stress Amplitude

Synthetic S/N curve
—

\ S/N material

from specimen tests

Load Cycles
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Test 1 and Test 2 have the same v. Mises equivalent stress for mean stress and

amplitude stress but they evoke different damage in the specimen.

M MAGNA

Mean stress influence

Oy Mises A2

Oy Mises A1l

Mean M2

Amplitude A2

Amplitude Al

At

~Critical

L -

Cutting

Plane

Oy Mises A2
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S/N curve is transformed due to mean stress at node. Stress amplitude is
not taken into account for the modification M MAGNA

Mean stress influence — Influence on endurance limit

A

[

S

(]
g
= OALTTC
o
S

Stress
Amplitude

Haigh Diagram

YV VY Y 4y fm

»

\ 4
1

UCS Mean Stress Oym UTS Load Cycles

@) Astress state is defined by its mean and amplitude stress Modification of Fatigue Stress
due to mean stress by the factor

@) Determine endurance limit o_(ALT,S_m ) for this given point
9 Take endurance limit at zero mean stress for influence factor f_m

_ 0ALT, S,

fm

OaALT,TC
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Inclination of S/N curve is modified for a given mean stress at node A\\MAGNA

Mean stress influence — Influence on inclination of S/N curve
SN-Curve

»
»

[} 1 [}
23 L 23 Base Material
IS S35
" £ - n g
< cUTS(cM) 9
OALT,Sm
3 Mean v 2 B2 | Nyursm Ngw ~ Load
> Stress - Nouts, om Cycles
) Determine the original S/N curve of the base material l [ Nerm ]
og |\ v
@ Map the new ultimate tensile stress on the line B1-B2 ke = Nouts(om)
m o, o
@) Determine the inclination of the modified S/N curve log [%UL("‘)]
ALT,Sm
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Haigh diagram is differently modified in tension and compression dependent

on the stress gradient. The modification is limited to the particular factor A MAGNA
Modified Haigh diagram
Modification of Haigh diagram:
Max. approx. - Oa Max. approx.
factor 1.5 ~—_ factor 1.5

n

UCS modified compr. strength

* Increase of the UTS due to support effect in notches

» Different for tensile and compression stress
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The standards use different roughness values (R; for IABG/ R; for FKM and TGL).
If a material class is not covered in a standard, the influence is not considered.

M MAGNA

Surface Roughness

FKM takes the Average Surface Roughness R,

1,10 +
1,00
0,90 + |
0,80 ~
0,70 +

0,60 +

Fatigue Influence Factor

0,50
0,00
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50,00

Surface Roughness in um

100,00

150,00

200,00

Implemented Standards:

IABG
TGL
—— St37
—— St52 FKM
42CrMo4
GS40
—8— GGG40
—— GG25

—o— AISi10Mg
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The different strengths of materials as a function of the effective diameter of
semis, the type of material and the technological treatment are considered

A

Technological Size at 3D Nodes

O A tsesf

Standardized material

specimen

—r o=
@ GA.tsc_tTP.af OA tse.sf

dc greater than dow

[

Component

FEMFAT determines the technological
parameter influence factor on the basis of the
FKM guideline. This takes into consideration
the differing strengths of materials as a function
of the effective diameter of the semis or the
unfinished castings, the type of material and
the technological treatment, e.g. tempering.

///'///

Thickness results from
adjacent shell elements

Thickness must be
defined by node
characteristic

} The wall thickness defined here applies only to nodes on 3D elements. For shell element
nodes, the wall thickness is determined by the average thickness of adjacent shell elements.



Component S/N curve is considered to follow a log-normal distribution. S/N curve .
is modified according to the demanded survival probability. M MAGNA

Statistical Influence

4 i . . 1 1 a 0 . .
Log (Stress Amplitude) Range of dispersion T, = T = o JA 90% Range of Dispersion
T Gaooy O is used to transform

the S/N curve to the

T, ...Definition in FEMFAT GUI

Component S/N Curve desired survival
o 0 .

modifiedto e.9.10% } probability.

Specimen S/N Curve Gaussian Bell Shaped

fore.g. 50% ~ Curve

Component S/N Curve
modified to e.9.90%

\

Log (Load Cycles)
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FEMFAT is able to handle isothermal temperature conditions as well as .
temperature fields. There are different options for dealing with this influence. M MAGNA

Isothermal Temperature Influence

Implemented Methods:

If the influence is solely considered using FKM guideline endurance

N limit of S/N curve is modified by the fatigue influence factor.

The S/N curve and the Haigh diagram are modified. Modification of the

FRULAUE static and cyclic material parameters is carried out acc. to FKM.

User defined temperature dependent material data. The S/N curve,
User Defined Haigh diagram, cyclic stabilized o-¢ curve, support factor (= stress
gradient influence factor) and the equivalent stress are modified.

The S/N curve, Haigh diagram, cyclic o-¢ curve are modified.
Modification of the static and cyclic parameters acc. to FKM. The
cyclic coefficient of hardening K' is modified proportional to the tensile
strength (acc. to UML). The cyclic hardening exponent n’ is not altered.

FEMFAT 4.6
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The surface treatment influence is only considered as far as the endurance fatigue

limit is concerned.

M MAGNA

Process Influence Surface Treatment

Surface
influence
factors
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Shot peening

Rolling
Carburizing

Nitriding

Inductive hardening =

Flame hardening 6

Forging

>
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Considered acc. to
FKM guideline by
modifying the
endurance limit.



During the FEMFAT Standard Training, all the Influence Factors are explained in .
detail. It is also discussed how non-linear FE stresses can be considered. M MAGNA

Process Influence

« Microstructure Parameter Boundary Layer Analysis Model

E———— | No FE-Node |

o 20 3

Fatigue Limit Factor [-]

SDAS [pm]

o Effective Plastic Strain

1000

|
| Phi V1 PhiV2 —— Phi V3

Tempering Condition

Stress [N/mm”2]

Surface Residual Stress

100

1 10 100 1000 10000 100000 1000000 1E+07

Number of Cycles
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FEMFAT plast

May 2021 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited



NEUBER correction using NEUBER hyperbola works well in small highly stressed
areas. M MAGNA

NEUBER correction
F 1

___..___ XL

NEUBER Hyperbola

\

",

bl [ [ g 7 ——

.A\\\

NONLINEAR
ANALYSIS

=

LINEAR
ANALYSIS

+ |
Fl
O¢€el = Opi€p = CONSL ..., NEUBER Hyperbola
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After NEUBER correction of upper and lower stress FEMFAT modifies the mean .
stress but uses the original amplitude to remain conservative. M MAGNA

Modification of mean stress and amplitude

O 0.coniionisicq is determined
t Stress © by rearrangement of ,,,.4n

@ (o,...— ') is exchanged

O-max by (Umax - Jmin)

NEUBER Hyperbola

O-max,modified

@

(Omax = Omin)

Gmin,modified

Strain ¢

»
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Critical Plane and Stress

Computation
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Depending on the cutting plane (¢,y) the equivalent stresses are calculated for .
middle stress and amplitude stress. Haigh diagram is used for evaluation. M MAGNA

Cutting plane criterion (1/3)
A/,—o
14

Current Cutting Plane depending on ¢ and y

04

©
A

&
3
&
U
L
.
v

Tae (P, V) oo,

= >

- Oy Ome (P, V) + oy

A

May 2021 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited



For every single evaluated cutting plane a criterion is applied to find the most .
critical point in the Haigh diagram. M MAGNA

Cutting plane criterion (2/3)

HAIGH diagram and loading points are calculated for all cutting planes

Oq e crit

L . : . o,
Criteria (o,,, = const) for critical loading point: —aendu ., Min

Oq e crit
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For each loading point an evaluation is conducted depending on a specific .
criterion. The most critical cutting plane is found by the critical loading point. M MAGNA

Cutting plane criterion (3/3)
Critical loading point

HAIGH diagram

G
o,
O&[

A
v

oy = const iteri iti op] .
M » Crlte_rla for_ critical - Min
OLow = const loading point; o, + o,

Oyp = const
R = const Note: Different behavior for R = const & ocoyst # 0

between BASIC and MAX
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Analysis Target

May 2021 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited



For each entry in the rainflow matrix a S/N curve is derived and a damage .
increment is calculated. All increments are summed up to a total damage value. M MAGNA

Damage )
m -D
82 ,
Load spectrum entries 3 E Damage d; = [l
Az , M3, n3 A< LN
Ay , M3, n, Al
A, My, ny 2 —
1 As e — -
] » ‘ B
LJDJ i vV vV R
D $ N, N, Ny Load Cycles
= ]
a
=1 A =Yd
total [
-<_|_>+ \ A A ) =d1+d2+d3+"’+dn
MEAN

ny ny; ng
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Endurance safety factor SF, is calculated with respect to the ultimate cycle limit .
and the stress amplitude . Safety factor SFy is related to the upper stress. M MAGNA

Endurance Safety Factor

(¢D)
2 3
o ?_D_ A
% € N oy = const.
Analysed S/N Curve at a do
FE-Node by FEMFAT } o
A
OEndurance - -
I - X
V V V V Load Cycles
Oendurance 0] + 0o
S FA — S FB _ endurance M
O'A O-A -+ O-M
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FEMFAT visualizer
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A fast 3D post processor for displaying the structure of FEM models, definition of
weld seams and for viewing fatigue results and FEA stresses.

M MAGNA

FEMFAT visualizer — Displaying FE Entities and Results

x
Category: IFEMFAT Results 'I

= Main Results
. - Damage M/mod

~1/Damage
Rel.5tr.Grad
Log10 Damage

- Logl10 1/Dam.
. 6thRoot Dam

=l Stress

Eee o]
Mean Stress

- 5tr. Ratio R

- atan{5m/5a)

- LocFatigLim

- LocSlope k

LocCyclim N

Show Results

[¥ Base material

I~ WELD seams (Shell)
[~ SPOT joints

™ LAMINATE

Result Position
Shell/Boundary Layer
Critical hd

Apply |
Test Course Dist: 1

Visuakizer 5.4 - C:\fernfat_workdir\06_CHANNELI (L '1_Max_Diffgear.fps (;
] 54+ Cifemf 06 CHANNELMAX, Max Diffgear

fle View Qptions Jools Welding

GCREeeQ@OO0SE A
ERCEEX LB

L£&e | HBRNRAaE|

Result Selector

x

Caegory: [feveaTRas <] | RES| LT Strass Ampitude
- “| scae Lnear
Damviga Mot MIN O MAX: 570
VDamage
Rel.Str.Grad
Logi0 Demage
Log10 1/Dam.
ith Root Dam
= Stress.

stan(Sm/Ss)
LocFatiglim
LocSlope k
LocCyelim N

Show Results.

¥ Base material
-

r

r

Result Position
Shell/Boundary Layer

Critical |

Test Course Dist: 1
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Resdy.
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Visualizer 5 4 - Cfemfat_workdin06_CHANNELMAX_DIFFGEAR\FEMFAT\21_Max_Diffgear fps (analysed with FEMFAT 5 4)

I

Nodes:

307541 Elems | 201883 Groups:

|[FEMFAT

490

420

350

280

210

140

70

6 Weldsesms:

ki

TORNEL KR ARAREE | RA



M MAGNA

In case you need detailed information about a node for your report it's possible to
add a subwindow with detailed information.
FEMFAT visualizer — Detailed node information and preferences
~~o [ Visuakizer 5.4 - C:\femfat_workdir\06_CHANNELMAX | 21_Max_Diffgear fps ( FEMFAT 5.4) - o X
Preferences 1 TS~ file View Qptions Tools Welding Help
[TeRe0e@00@L v\ >@bo
- Structure & u T RE R | ELCE XL ES
N - i r = bl S:rr;af; B 0 CHANE LMAX DT GEARFENFATIZ| M Dider s (8344 Wi FENEAT 5 [FEMFAT
nnnnn Results | SCALE: LOGARITHMIC y’
Group Nodes || I 53: MIN 16-030 MAX: 0.00047
NS — o) Node Label: 87781 0.00047 _ ~
_ = vaf Damage M/mod: 4.696e-004 ®
Min/Max Nodes [~ I 103v Aw:e"r;j'“ 1/Damage. 2129 4 7e-005 &
HederTot W [ 163 s Rel.Str.Grad: 0.432 =
FE-Entities Tet [T | 163: it':;:_;j: Log10 Damage: -3.328 2
ubwindow Text EE] ot Log10 1/Dam.: 3.328 4.7e-0060
- - JLocCys e L]
S — / 6th Root Dam: 0.2788 ;«
_ = ! Stress Ampl.: 495.3 %
Crowhair — Mean Stress: 29.03 4.7e-007] ©
Pointer line | | ','rssmmn Str. Ratio R: '08893 :
Unifarm structure [N ,’ E atan(sm/sa) 3.354 ™
/e LocFatigLim: 243.8 4.7e-008_ |
e LocSlope k: 8.259
LocCycLim N: 1.558e+006 4 - p9
4.7¢-010
1e-030

Transparency [%]
e ——
Edge detection: alpha <

= mm 125

r Background
& Linear
" Gradient

—

|
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M MAGNA

Analyses in Time Domain
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FEMFAT max is used when loading is complex and direction of principal stresses .
are permanently changing.

M MAGNA

Which module to use?

What to Import

BASIC

Direction of principle stresses are

constant
2 load conditions
max. one constant loading

Conrod with dominating load
cases ignition and inertial force

Engine bulkhead and bearing
cap (assembly and ignition)

Shafts with torque history
Matrix of combinations (railway)

Two stress results, which can be:
— Upper and lower stress or
— Amplitude and mean stress

Load spectra for damage
analysis

Direction of principle stresses may

change permanently

Direction and location of forces and
boundary conditions are constant

Existing load histories

Multiple channels which are
generally not in phase

Chassis parts like:

— Knuckles, subframes,
H-Arms,...

— Body in White
— Crankshaft with modal
approach

One stress result for each
channel (e.g. for unit load)

One load history for each
channel

Modal stresses from CMS and
modal coordinates from MBS

TRANS MAX

May 2021 / FEMFAT Support

Load application point and/or
boundary conditions are altering
with time

Transient sequence of stress
results

Engine bulkhead and bearing
cap or crankshaft with stress
result each n° crankangle

safety factor from 2 of n loading
conditions
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Sequence of stress results
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FEMFAT basic is used when the load consists of only 2 load conditions, which may
include an optional constant load. M MAGNA

FEMFAT basic for Pure Uniaxial Loading

A
/\ /\ Amplitude stress

Stress

A
Mean stress ... with Constant Stress Data Set:

t

‘ Lower stress

Stress

VA
> \/ \/T Mean stress

Time |

Number of closed

load cycles
Time

P
<«
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Load Spectra for damage analysis are made by scaling mean stress and stress
amplitudes. Thus, the Rainflow matrix can be constructed.

M MAGNA

' Load Spectra

Stepped Load Spectra

Step M

FactAmpl FactMean
1 500 2.0000 1.0000
2 2500 1.5000 0.5000
3 7000 0.7500 0.4000
General | 7
< | ™
| .“ \,,,;@1
|
i -
| R .
|\ T l \%-“‘; '_:-L 0
|
- £ s
’s""::‘"»*‘".s" L“"ﬂ:%'% -
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Synthetic Load Spectra
log S

Filling
factor f

Smax

Load-Time History

—

Rainflow Counting e.g.
11l [ FEMFAT LAB
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In order to calculate the gradient a minimum number of nodes around the
node of interest needs to be taken into consideration M MAGNA

Relative Stress Gradient (1/2)

“

Following FE-Entities

(‘\ Y N\ N\ M\ )
’ I T 7 I I must be part of the
Omax = | O O—0 analysis group:
i ) j o) j GNode . Yy g p:
| -
; O O—O
| 8 I L L @ Node of Interest
(J \/ . \_J/ \Ji
d .
I> A I A5 I O——& O Neighbor nodes
@ A :[ A1 [] Elements related to
¢ \* [ I T 7 I o the node of interest
i \ i N ) Node 2
O—O0—CO—0O—C0C—=0

| 1 do . _ : 1 O'Node 1 ~ O Node 2
A= Relative Stress Gradient: X =
P max O Node_1 d
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The influence of the relative stress gradient on the endurance limit is .
determined by experiments at different relative stress gradients and notches M MAGNA

Relative Stress Gradient (2/2)

Relative Stress Gradient Relative Stress Gradient
Tension / Compression Xgie7c = 0 Bending ' =2/b
F F M M
PR S SN p— H-J-- I I ey C_._._._._._._._._.Z_ ____________________ _ )
© aBending ] endurance stress UNPRRRPPRPTERITELEL L
“"“-.-
““"‘ f _1 (GaItBending/GaltTC _1) v
GenDur —
G a Tens / Comp Y." o (Z/b) '
b ...specimen thickness ; J >
Y= v =2/b X
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BASIC — Example
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In this example a damage analysis of a connecting rod is performed. Loading is .
characterized by three different load cases. M MAGNA

Conrod: Uniaxial analysis based on load spectra

Load case 1 Load case 2 Load case 3
Stress from bolts Stress from ignition Stress from mass inertia
Constant Lower Upper

18+003,

i
Sy

2%
!‘-gti.
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Materials that are not included in the FEMFAT database (> 450 materials) can be

requested from FEMFAT support or generated by the material generator.

M MAGNA

Material Data

Material Generator Diagrams
Controlling: (® Stress .
() Strain \\_
Standard:  |FKM ~ -
i’_“'. Open :—-————G_E
Defect Definition

Open

2

Material Specification

Waterial Label:
Material Name: |42CrMo4 User

Cancel

MNew Material b4

May 2021 / FEMFAT Support

Material 42CrMo4:

* Heat Treatable (Tempered) Steel
« UTS = 1100N/mm?
« YTS =900N/mm?

Material Generator

Define Material Parameters

@

Heat Treatable (Tempered) Steels

Specimen S-N Curve

Material Parameters
Bending Shear
12925 635.1
1065.6 519.6

Tension Pressure

Ultimate Strength 1100.0 1100.0
Yield Strength 900.0 800.0

Pulsating Strength 7705 0.0 905.3 4909
Alternating Strength 4950 495.0 526.6 2858

Info

Also these parameters are defined: Young's modulus, elongation at
rupture A5, cyclic hardening coefficient K, cyclic hardening exponent
', slope of 5-N curve, cycle limit of endurance, survival probability,
thickness of specimen, roughness of specimen, temperature of
specimen, fatigue strength coefiicient.

OK Cancel
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. H H | L ]
For an endurance safety factor analysis, the load spectrum is not considered! M MAGNA

Load Spectra

Operate Load Spectrum Upper
1-Load Specira éﬂad Spectra Type Diagrams
General
1 - Load Spectra ——
O synthetic Constant
() Rainflow
E? Import Rainflaw LOWGr

E Export Copy

. Rainflow Matrix:
o New Delate

Mame of Measure Object: |Load Spectra |

Designation of Measure Section: | |

Channel Designation: | |

Unit of Channel: I:I
Total Mumber of Steps: P
1

Step M Fact Ampl FactMean
1 1 1.0000 1.0000
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If your stress results come from a nonlinear FE calculation you must turn off the
Mean Stress Rearrangement!

M MAGNA

Node Characteristics & Influence Factors

Assign to Group ‘ALL’:

Material:

Influences on fatigue strength:
[1-42CrMo4 User ]
Surface Roughness: |Smoothed (= 60pm) v| 60.000| [um] ° |nduct|ve Harder"ng
« Surface Roughness
Assign to Group ‘hardening’: R, = 2um (polished)
Material: [1-42Crio4 User v
Surface Roughness: |F'0Iished (= 2Zpm) v| 2.000| [um]
Surface Treatment
Inductive Hardening v|
General Surface Treatment Factor:
Forge Influence Factor:

Activate Influence Factors:
Surface Roughness |FKNM 114BG (Rz) ~| '
Constant Stresses |FEMFAT 2.0 ]

Inductive Hardening

|Frm

May 2021 / FEMFAT Support
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The FEMFAT visualizer is a post-processor for displaying analysis results. In
addition, the welds and groups used in the analysis can be defined here.

M MAGNA

Output & Visualization

Output of Influence Factors:

Main Results Stress General Factors1 General Factors2 Surface Misc. Mode Charact.
) () n () (1) (@) ()}
[®] Influence Factors on Fatigue Limit
[ stress Gradient Influence on Fatigue Limit
[ Mean Stress Influence on Fatigue Limit
Surface Roughness Influence

Main Results Stress General Factors1 General Factors2 Surface Misc. Mode Charact

(7) (5 () 3) M (©) (o)

[m] Surface Treatment
1 shot Peen
[ Cold Rolling
[] carburize
[ Nitride
Inductive Hardening
1 Flame Hardening
[] Forge
[] General Surface Treatment

May 2021 / FEMFAT Support

Visualizer 5.4.2 - ... \FF\default_workdir\FF54 2\conrod fps (analysed with FEMFAT 5.4.2)
RESULT: Damage

SCALE: LOGARITHMIC

MIN: 1e-030 MAX: 2.27e-006

SN,
Node Label: 2 s
Damage M/mod: 2.266e-006 A
1/Damage: 4.413e+005 o
Rel. Str.Grad: 0.1374 4
Log10 Damage: -5.645
Log10 1/Dam.: 5.645
6th Root Dam: 0.1146
Stress Ampl.: 359
Mean Stress: 337.3
Str. Ratio R: -0.03113
atan(Sm/Sa): 43.22
LocFatigLim: 312.1

I
W ﬂ?’

IF FL Rough.: 0.7104 AV PR,
IF FL IndHar: 1 %ﬁ"gg{f Soail
) e

<
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2.27e-006

2.27e-007

2.27e-008

2.27e-009

2.27e-010

2.27e-011

2.27e-012

1e-030




&
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FEMFAT max is used when loading is complex, and the directions of principal .
stresses are permanently changing. M MAGNA

FEMFAT max for Multiaxial Loading

Ql O
Time Stress tensor . e,
steps:  at FE node: il SO
Oxx Oxy Oxz Planar stress:
o o4 The number of time steps 0 o o Ow
zX zy ZZ 0 . . XX
in the load history corresponds
Oxx Oxy Oxz to the points in the 3D stress
i o o o
1 yx Oyy Oyz space (Oxx, Oyy, Oxy)-
Ozx Ozy Ozz/,

Multiaxial loads:
— are composed of at least 3 time points and

Oxx O-xy Oxz
m 4 <ny Oyy Gyz> — are characterized by the fact that the points do not
lie on a straight line in the 3D stress space.
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FEMFAT max transforms the stresses of the stress history into several planes and
repeats the procedure until the maximum damaging plane is found. M MAGNA

Criterion of critical cutting plane in FEMFAT max

1) Transformation of all stress tensors
into several planes with normal vector n

2) Filtering of interesting planes

3) Generation of the load histories
of the stress components

4) Rainflow counting in all selected planes

5) Stress Rearrangement (FEMFAT plast)

6) Damage analysis (Influence Parameter Method)

7) The cutting plane with maximum damage is WMWWM

assumed to be the critical plane for fatigue failure
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Rainflow counting is a two-parameter procedure. The full stress history must be .

reflected in the rainflow matrix by counting the closed hysteresis. M MAGNA
Rainflow counting - -
“Rainwater flows over pagoda roofs” ) 0 et b d
¢ time
— Stress-time history - Closed hysteresis — - Rainflowmatrix -
; .
8 dn,e,q,l,n,q
‘ H2[3[4]5[6[7]8
8 )
7 R 7 / //"k 1
o A/ z
% 5 O / / /, Closed Hysteresis | 3 I
C_UU) Z g " / Ny Points £ Classes l ‘ '
& L : i
) e-h-i §-7-8 b
| WL % ] i
Y j-k-j §-7-5 §{I{II
m-n-q9 §-2-8
Strain € °'°'2 b=t
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In FEMFAT basic a Load Spectra is used. In FEMFAT max, the local stress history
is Rainflow counted, whereby two methods are available. M MAGNA

Rainflow counting methods in FEMFAT max

v

Residuals /‘/\\\

method 5.0

v

Results in o1 g
closed & open
hysteresis.

(= residuals).

v

method 5.1 A1) /

Results in closed
hysteresis only.

Default

/ ’ i !

D, + D
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M MAGNA

channelMAX




Channel based modeling requires the definition of unit loadcases for each loading

direction. A MAGNA

Data processing in channelMAX

Stresses from : “ Load-Time
Unit Loadcase TRV History

Time Stress tensor .

'Channel 1
steps: at FE node: |
Oxx Oxy Oxz :
1
0 71 Oyx Oyy Oyz — |
Ozx Ozy 0Ozz/, i
1
Oxx Oxy Oxz E
- . o o |
1 yx Pyy Cyz — !
Ozx Ozy Ozz/, !
:
:
Oxx Oxy Oxz :
1
m - Oyx Oyy Oyz — |
il Ozx Ozy Ozz/., E
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In five steps a weighted stress gradient is calculated over all channels. The

weighting factor is the maximum stress amplitude per channel.

M MAGNA

Average Relative Stress Gradient

Imported stress
distribution

2 .
Gradient calculated
for each channel in

each node history

Finding maximum
in each force

Calculation

of weightening
factor

—

2 Omax1 =

c

8 Amax1-Owises1
O = Amax1

N

Q Omax2 =

C

g8 Amax2 OMises?
O = Amaxz

=z

L OmaxN =

c

[E = A AmaxN'GMisesN
@) maxN

May 2021 / FEMFAT Support
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Calculation

of weighted
stress-gradient

N...Number of
channels



Data reduction by compressing the load history is possible.

intermediate points or small partial cycles.

It's possible to omit

M MAGNA

Compression of load-time histories

In this case all three load histories are equivalent

1]

£
28
T o
S T
Sg

=

Neglect small cycles = smoothing

_ F F4 Disregarding small
£ o cycles (multiaxial
n @ .
=9 scanning)
52 — L ,
S 8 ¢ ' ¢ Weighting of loading
za histories according
o

May 2021 / FEMFAT Support
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Each time no channel has a peak points are omitted. As soon as one single .
channel has a peak, the point is taken into consideration. M MAGNA

Compression of load-time histories - Disregarding intermediate points

Out of F F
phase:
t t

Retaining

Common
In phase: F 4 Maximum =

points A

-@- history 1 ; # 't
-@— history 2
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channelMAX — Example
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In this example, a multiaxial fatigue analysis is performed for a drive shaft. The .
unit load cases are combined with the corresponding load histories. M MAGNA

Drive Shaft: Multiaxial analysis based on unit loads & load-time histories

Bending: Torsion:
Channel History

LR A R T T S S A o o O S S
% . :
i L | A R S Y R Sl S (N IR I NS (S R R S S S SR S AR g [ S S TR AR AR I e Y S R T L R

P ¥ ¥ Y LV AN v AN V A V AN VL VA T I --------------------------------------

200 300 0 100 ‘ 200 300 400
Sampls Sample
— Che 11 —— Channel 2
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The compressed load time histories can also be exported and imported again. A\.\ MAGNA

Channels

Channel Definition
Auto Fill Anchor

Mumber of Channels: 2 - Import Export =+ Delete All
v E? E x [ channel Label: 0 [ Last

Stress Format Specific Options

Data Location: |AtN0des an Element w

Current Channel: }4’% View Channel History x Delete Read Nodal Force: [] for WELD SS7

Lbl Format Stress File LC Factor LHIST Load History File Row Col Scratch File

1 OP2NAS.. talresult_bending.op2 1 1.00000 RPCASCI . ta/istory_RPC_ASCIlLrpc 1 1 driveshaft_1.fss Niti
[ 2 OP2ZMNAS.. . atalresult_torsion.op2 1 1.00000 RPC ASCI _talistory_ RPC_ASCILrpc | ] 2] driveshaft_2 fss | Channel Def|n|t|0n
Uncompressed: : Compressed:
HERRRRER ARERR
Load Histary = i Load History ' ' )
fahy Reaacreate | - Ay Reavcreat: N -
[l F&q Il Compress [ F&q I Compress
Numbper of Datasets: 2 ’ ‘ Number of Datasets: 2 ’ ‘
Mumber of Samples per Channel: 481 Mumber of Samples per Channel: 62

May 2021 / FEMFAT Support © MPT Engineering / Disclosure or duplication without consent is prohibited



To save memory, detailed results are usually only exported for critical areas. For .
this purpose, an Analysis Group named ‘DETAILED RESULTS' is defined. M MAGNA

Visualization & Detailed Results Group

Modes Nodes Basedon.. Elements

Visualizer 5.4.2 - ...2_channelMAX\workdirdriveshaft fps (analysed with FEMFAT 5.4.2) _
RESULT: Damage I FEMFAT O Al

SCALE: LOGARITHMIC _
MIN: 1e-030 MAX: 4.23e-006 4 23e-006 O Label:

() Color:
Node Label: 2568

[
[ 9
Damage M/mod: 4.226e-006 4.23e-007 O ST B
1/Damage: 2.366e+005
Rel.Str.Grad: 0.0194
Log10 Damage: -5.374
Log10 1/Dam.; 5.374

4.23e-008

6th Root Dam: 0.1272
Stress Ampl.: 230.7

Mean Stress: 31.9 4 23e-009 g;ﬁﬁg
Str. Ratio R; -0.7571
atan(Sm/Sa). 7.87
LocFatiglim: 232.4 4.23e-010 l
”’:‘ 4.23e-0M 3- DETAILED RESULTS
4 ) o ""‘“"O Number of Nodes: 162
R ‘!ﬁ:&”ﬁ?’t’:f' 4 23e-012 Number of Elements: 20
' List B exor % Delete
1e-030

@ Rename l‘ Complete
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The detailed result output can be defined in the module-specific output menu.

CSV and RPC binary format is also available.

Detailed Results

.1 % Miﬂb Ma'_\(h ";}? nf‘

Node Label: 2568
Damage M/mod: 4.226e-006

Channel Stress at Sample (Mode Label = 2568)

1ch 2ch
Channels

Type: IChanneI Stress at Sample j Mo. visible channels (max.2): I ;l__lg Sample:d

B’ ChannelUnitStress X

May 2021 / FEMFAT Support

Stress histories

M MAGNA

Equivalent Stress Histary Diagram (Mode Lahel = 2568)
2689

178

-2.65

-83.34

1y 12 213 M5 "y 53
Samnles

Partial Damage History Diagram {Node Label = 2568)

2.11e-007

1.689e-007
1.27e-007,
8.45e-008,
4.23e-008,

D1 1.2 1.3 35 41.7 1.8

Samples

Total Darmage History Diagram (MNode Label = 2568)

4.23e-006

3.38e-006
2.54e-006
1.69e-006
8.45e-007,

g 1.2 13 s 417 sla

Samples

Reset Markers Close
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M MAGNA

transMAX




A sequence of stress results must be defined for transient analyses. Applications .
are alternating loads or non-linearities (material, geometry, temperature). M MAGNA

Data processing in transMAX

Load Case

Time Stress tensor
steps: at FE node:

Time Step m
' 270°
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FEMFAT searches the extreme principal stresses. The maximum difference is .
relevant for relative stress gradient. M MAGNA

Relative Stress Gradient

Imported stresses Calculation of principal Find 3 oy, and 3 o, one for each

are added stress histories principal stress history

e :%' From nine possible combinations of
7 3 Opay @Nd 3 Gy, - -
I
... calculate Nine ,Difference-

2 %_ ;:l N Tensors® Ac = 64 - Owmin
F & Q n i=1to N

65. VN - Calculation of nine Mises

Min yy stress amplitudes
H| } Max zz

o Z o /\ , i=1toN Gradient is calculated for the
E g OnN = N \4 g two time steps that cause the

o Min yy biggest Mises stress amplitude.
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transMAX — Example
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The transient stress states of the rotating load are used in transMAX for an .
endurance safety analysis. M MAGNA

Bulkhead & Bearing Cap: Multiaxial analysis of transient stress states

0° 30° 60°

Load case

Mises stress
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In FE-Analysis is applied every 15° (360°/15°= 24 steps).

M MAGNA

Time Steps

Time Step Definition

~ Auto Fill Anchor
Number of Time Steps: E? Import E Export| | %% Delete Al

[ Time Step Label: 0 [ Last
Stress Format Specific Options
Data Location: |At Modes on Element v
Current Time Step: x Delete
Lbl File Format Stress File Load Case 7
[ 1 MS-UNVI_DEAS C:/FEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps. unv 1]
2 MS-UNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resulti_24-Steps.unv 2
3 MS-UNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 3
4 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resulti_24-Steps.unv 4
5 MS-UMNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 5
6 MS-UNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resulti_24-Steps.unv B
7 MS-UMNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 7
8 MS-UNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resuli_24-Steps.unv 8
9 MS-UNVI_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 9
10 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resuli_24-Steps.unv 10
11 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 11
12 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Resuli_24-Steps.unv 12 —
13 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 13
14 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 14
15 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 15
16 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 16
17 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 17
18 MS-UNV I_DEAS C:IFEMFAT/workshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 18
19 M3-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 19
20 MS-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 20
21 M3-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 2
22 MS-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 22
23 M3-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 23
24 MS-UNVI_DEAS C/FEMFATworkshop/03_transMAX/data/bearing-FE+Result_24-Steps.unv 24
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The scratch files are created for the current analysis group. Enlarging the analysis
group after the scratch file has been created leads to errors. Reducing is possible. M MAGNA

Scratch & Animation of Stresses

|| File View Options Tools Welding

IT

[1 Create New/Qverwrite existing Scratch Files elp

5 N 1 +, [ P 2
[bulkhead fss I[N e @@QQQ 0ODE nw ’\>\®\aA ) -
& & & g || & BT R XL E S

t B S =

x . . .
Visualizer 5.4.2 - ...rkdinbulkhead.fps (analysed with FEMFAT 5.4.2) _ |
% e Coegon: [feasueses — ¥]| - STRESS (TransMAX): VON MISES - Shell: TOP - Solid: SURFACE FEMFAT
Stress type SCALE: LINEAR 500 y’
MIN: 0.59 MAX: 1.44e+003
Scratch Group: FEMFAT-ANALYSIS-GROUP . TIMESTEP: 1/ 24 Node Label: 4156 y
in.Principal Stress . " —
Mumber of Scratched Nodes: 7920 Mean.Principal Siress Von Mises: 9.575e+001 180 &
. Max.Principal Stress
Number of Time Steps: 24 i Shiaae Srese f &
= Component ]
S H 150 &
Syy | N &
[ Result Position —— 1 1 1 20 @
J Check Input Data Shell: [Top - T ®
Solid: |Surface v T 90 N
B . i%
Time Step )ﬂi
_ MNewRange | a 60 o
 Static (1-24) 24 LN N m
@ Animation: = [T ul — 30 .
From To Increment I 11
Time step range: Increment: i = [ 7 ©
0
|[ = |;_4 |1 Delay [ms]: 100 ‘Y._j 1\ 1 -
¥ Loop I~ PNG Screenshots [ =
Cancel oK |
w0 » N | Ready. Time Steps: ‘ 24 Nodes: 7942 Elems: | 5950 Groups: /75 Weldseams: [70 Eﬁ
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Various charts (S/N curve, Stress History, ...) can also be displayed directly in the .
FEMFAT GUI in the Visualization menu after the calculation. M MAGNA

Analysis Target, Charts & Visualization

Visualizer 5.4.2 - . .AXWworkdinbulkhead fps (analysed with FEMFAT 5.4.2)
RESLULT: Safely Factor A IEE

Analysis Target SCALE: LINEAR
O Damage [MINER Modified v MIN: 1.39 MAX: 30 1e+006__
@® End Safety Fact Sig_m = const. ~| Cycles: 0.0e+00
ndurance Safety Factor | ig_m = cons | yoles Node Label: 4156
(O static Safety Factor BREAK FEMFAT 5.0 Ultimate Strength Endure_SF_A: 1.393 2.8 L
() Stress/Strain Comparison STRAIN Comp 1/5F_A 07178
o Rel.Str.Grad: 0.1006
(7 Degree of Multiaxiality LOQ']O SF_AZ 0.1441 5
Log10 1/SF_A:-0.1441 ) _
6th Root SFA: 1.057
Stress Ampl.: 143.1
Mean Stress: 14.3 22 0
s Str. Ratio R: -0.8182
atan(Sm/Sa); 5.709
LocFatigLim: 199.3 1.9 L
History Charts
Stress :
PW&, 16
1.3
, 1
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M MAGNA

Fatigue Analysis by

Modal Stresses
In channelMAX




MBS + channelMAX
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FEMFAT ChannelMAX provides the possibility of performing parallel integration of

FEM and MBS and operational strength analyses. M MAGNA
Hybrid Models - FE + MBS + channelMAX
P )
(Corr ponent Mode? 4 ) Modal —
IS Coordinates Cingmne] 4
and Y =
(E)HD , Wi
Ozt |
(Co - Simulation) y o Fatigue
\. / e o o G GZI
qn(tf = [ _

é Modal Stresses )
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Prossure [bar]:
0.000 53.3 107. 160, 213.

Lifetime prediction of parts
considering dynamic effects due to

natural vibrations

Channel n
Oh@  On

Additional
Load Cases

\ (Bolts,...)
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HARMONIC + channelMAX
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The modal coordinates and the modal stresses are the basis for a modal fatigue
analysis in channelMAX.

M MAGNA

"HARMONIC + channelMAX

Modal coordinates:
— Const. Sine
— Sine Sweep (lin, log)

Transfer :
functions — Variable Amp and Freq
: FEA:
e o | [0 | reauency ([ > [AONE) [ >
naysts Response

\_ Modal stresses
N\ S

FEA: NASTRAN, ABAQUS, ANSYS, PERMAS
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HARMONIC uses transfer functions to compute a dynamic system’s response in

terms of modal coordinates.

M MAGNA

Analysis Process in HARMONIC

Eigenfrequency Analysis
\l/ — Modal Stresses for FEMFAT
Frequency Response Analysis:
(Unit Loadcase with an excitation of 9.81m/s?)
Mod1 A
4.0E-02
3.5E-02
- 3.0E-02
g 2.5E-02
2 2.0E-02
& 15602 - (20; 2.45E-03)
2 10802
5.0E-03 (120; 1.69E-03)
0.0E+00
0 500 1000 1500 2000
Frequency [Hz]
Mod1 P
180
160 (20; 1.79E+02)
140
B 120
ﬁ 100
ﬁ 80
£ 60
40
20 (120; 3.89E+00)
0
0 500 1000 1500 2000
Frequency [Hz]

7

System Behavior: Input:
Transfer Functions fstart) fEnd, fa» Tmax, -
from FE File: from *.hcf File:

G(jw) ., L= 2-m-f
h(t) = A(w) - sin(a) -t + (p(w))

PN

Optional Input: Output: ... without Optional Input
A(w) — Modal coordinates in time domain for FEMFAT
* ila- Mod1
from *.txt File: 50502
6.0E-02
# freq ampl — 40E-02
END OF HEADER y 20802
10 _1 O_ 2 O.0E+00 Attt
50 20 ® -2.0F-02
= . N
30 40 4.0E-02
-6.0E-02
-8.0E-02
0.0 1.0 2.0 3.0 4.0 5.0

Time [s]
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M MAGNA

Analyses in Frequency Domain
FEMFAT spectral
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Simulations in time domain with long time signals (typically necessary for random .

loading) lead to very high computational effort. M MAGNA

Motivation: Body-In-White I

S — Road excitation :

Signals with
random
characteristics!

s880b.B080.

Acceleration
excitation

Side force
excitation

anregung

"y
L]
"
]
L]
a
"

L
]
......

L]
"
Ll ]
L]
“a
s
L]
"a

Excitation examples: e

* High frequency vibration of firing excitation
 Shaker tests (electronic devices, automotive components)
* Turbulence (aerospace)

» Wind/wave excitation (buildings)

H kM O M = o
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Analysis is performed in the frequency domain using Fourier Transformation,
where the loads are defined as power spectral densities (PSDs).

M MAGNA

Frequency Domain — Fourier Transformation

Load

Load - PSD
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....................... e FT|
_______________ AT

Frequency

/

-

Power Spectral Density (PSD) =
Square of Fourier Transformed Signal =
Mean Value of “Power of the signal”

\

J
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Small displacements and linear elastic material behaviour can be approximated

with sufficient accuracy by a linear relationship. M MAGNA
 Linear Time-Invariant (LTI) Systems
(00]
t Linear Time-Invariant u(t) = h(t — 1 7)dT
f(&) =P | Lnea —» u® (t = Df @
— 00
Output-Signal = Superposition
— s of time-shifted Impulse-
U(t) — h(t) * f (t) x(t) = 8(t) y(,)f;,m Response-Functions

h(t) ... Impulse - Response V\
: | ! Figure 1.10 (a) Input signal x(f) is
0 0

(SyStem = Property) a unit impulse function. (b) Output

signal y(f) is the system’'s impulse
(a) (b) response h(f).

Fourier-transformation:
Convolution in time-domain => Multiplication in frequency-domain

U (0)) =H (a)) F (a)) Advantage:

Simple multiplication in frequency-domain
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In time domain rainflow counting is done for each cutting plane and
displayed for the most damaged rainflow entry on the cutting plane.

S/N curve is

M MAGNA

Analysis Technique in Time Domain

o e e Em E e E Em E e e m e Em e E m e Em e E m M e e M m M e e m M e e e Ee m e e e e e e e e e e

\

Structural I Load - Time - History Stress- tensor - Time - History
Analysis: : / Load \ / Stress
E M / MOdaI M _________________
[ N VYAV R |:'> Transient :'>
E M“ Response M\,\N
T A
AN J \
Fatigue | S-N-Line
Analysis: | =
i x : Cutting
'| DAMAGE | (=3 ¢= | RanFlow | &= | ppane
! N Matrix Method

_________________________________________________________________________
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For each associated equivalent stress PSD (result from application of cutting plane

method) a stochastic rainflow matrix is estimated for damage calculation. M MAGNA
Analysis Technique in Frequency Domain
Structu_ral [ Load in Frequency Domain Stress-tensor in Frequency Domain\:
Analysis: E /| Load -PSD N\ /| Stress-PSD ]
: Modal :
: Frequency | —— | [T :
: ::> Response :> """""""""" I :
: Analysis :
: \_ Frequency \_ Frequency/ :
Faicue |
Analysis: | = I
i ~_ p Cutting I
'| DAMAGE |<{T I - | &= V\\ {3 | Plane |
i | S Method :
% PDF: Dirlik, Rayleigh k

_________________________________________________________________________
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Computation time acceleration compared to time domain analysis is a factor of

about 140 !l

M MAGNA

Brake Disc Cover

Analysis in time domain with channelMAX:
* 1.2 million time points

with courtesy of BMW

_U
%
J

Analysis in frequency domain with SPECTRAL:
« 2000 spectral lines  from 0 to 500 Hz

Nede Label: 206069 4
Damage Mfele: 0.0123
1Damage: 81.5

Rel StrGrad: 0.878
8POTdst Res: 0
Log10 Damage: -1.81 o L

Log10 1/Dam.: 1.91
6th Root Dam: 048
8tress Ampl.: 33.4
Mean Stress: 0

Str. Ratio R: -1
atan(Sm/Sa): 0
LocFatiglim: 6.3

Node Label: 305190
Damage Miele: 0.0266
1/Damage: 376

Rel Str.Grad: 1.08
SPOT det.Res: 0
Log10 Damage: -1.58
Log10 1/Dam.: 1.58
6th Root Dam: 0.546
Stress Ampl.: 34
Mean 8tress: 0

Str. Ratio R: -1
atan(Sm/Sa): 0
LocFatiglim: 66.7
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Node Label: 205069

Node Label: 143308
Damage Mfele: 0.0222
1/Damage: 45.1

Rel Str Grad: 0.984
Log10 Damage: -1.65
Leg10 1/Dam.. 1.65
6th Root Dam: 0.53
Stress Ampl.: 12.8

Node Label: 143308 Damage M/ele: 00232
Damage Mele: 0.0116 1/Damage: 43 1
1/Damage: 863 Rel StrGrad: 0.987
Rel StrGrad: 0.874 Leg10 Damage: -1.63
SPCTdetRes: 0 Leg10 1/Dam.: 163
Log10 Damage: -1.94 &th Root Dam: 0.534
t———_—Logw 1/Dam.. 1.94 SBtress Ampl.: 12.8
fith Root Dam’ 0 476 Mean Stress: 0

Stress Ampl.: 315 Str. Ratio R: -1
Mean Stress: 0 atan(Sm/Sa): 0
Str. Ratio R: -1 LocFatiglim: 663
atan(8m/Sa): 0 RMS Stress: 12.8
LocFatigLim: 66.2 Peak Freq.: 175
Zero L Freqg.: 171
Irregularity: 0.978

Node Label: 305190
Damage Mele: 0.0457
1/Damage: 21.9

Rel StrGrad: 1.08
Leg10 Damage: -1.34
Leg10 1/Dam.. 134
6th Root Dam: 0.598
Btress Ampl.: 14.1
Mean Stress: 0

Str. Ratio R: -1
atan(Sm/Sa): 0
LecFatiglim: &66.7
RMS Stress: 14.1
Peak Freq.: 176
Zero L Freq. 170
Irregularity: 0.974

Node Label: 78688
Camage Mele: 0.0703
1/Damage; 142

Rel 8trGrad: 138
SPOTdet Res: 0
Log10 Damage: -1.15
Log10 1/Dam.: 1.15
6th Root Dam: 0 642
Stress Ampl.: 38.7
Mean Stress: 0

Str. Ratic R: -1
atan{8m/Say: 0
LocFatiglim: 67.8
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Mean Stress: 0
Str. Ratio R -1
atan(Sm/Sa): 0
LocFatiglim: 66.3
RMS 8tress: 12.8
Peak Freg.: 176
Zero L.Freq. 171
Irregularity: 0.978

Node Label: 78699
Damage Mele: 0.119
1/Damage: 8.4
Rel §tr Grad: 138
Log10 Damage: -0.924
Leg10 1/Dam.. 0.924
6th Root Dam: 0.701
Stress Ampl.: 165.8
Mean Stress: 0

Str. Ratio R -1
atan(Sm/Sa): 0
LocFatiglim: 67.9
RMS 8tress: 15.8
Peak Freq.: 176
Zero L.Freq. 172
Irregularity: 0.977



Joints and short fiber reinforced plastics can be analyzed. Future Developments .
are methods for the assessment of mixed signals (stochastic + deterministic). M MAGNA

Summary and Outlook

Advantages:

® Fast method (structural analysis, fatigue analysis)

® Load-case superposition in FEMFAT (very flexible)

® Simple combination of different load situations

® Simple simulation chain (no multi-body simulation, reverse FFT not required)

Disadvantages:

® Linear elastic behavior assumed/required (superposition)
® Not suitable for deterministic loads

Conclusion:

®* FEMFAT spectral is a reliable and effective tool for damage analysis of
multi-axially stochastically loaded systems.
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M MAGNA

Joint Assessment in FEMFAT
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M MAGNA

FEMFAT weld

Fatigue Assessment of Welds




The finite element model needs to be built being conform to the modelling

guidelines

M MAGNA

2D shell elements

The joint sheets are also simply
represented as shell elements,
independent of the joint and weld
type. The detailed geometry of
the welds is not modeled.

C 100

m, 92

( ‘ 4 10° | . ;TOP f;
f, L MAT 201 MAT 203 | l
LV m,

Seite 2 Seite1 91
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FEMFAT modelling guideline for...

2D & 3D elements

Modeling of welds in which shell
elements are welded to solid
elements is analogous to pure
shell welds. Stresses in the solid
element are not considered for
analysis.

3D-Element

3D elements

In the current FEMFAT weld
version there are no specific
modeling guidelines for welds
made up of solid elements only.
In some cases it can be useful to
deactivate consideration of the
relative stress gradient influence
in the notch bases of 3D welds.
Node color C200 (or group name
C200) can be used to switch off
the influence automatically for
the respective nodes.

© MPT Engineering / Disclosure or duplication without consent is prohibited

Finite Element
Modelling acc. to
Modelling Guideline

Solid Weld

With this method, which is
currently only available for
ChannelMAX, the weld roots and
toes are analyzed based on a
relatively coarse volume mesh
with no rounding radiuses by
means of stress interpolation
method. Stresses are compared
to a master S/N curve which is
based on many tests.
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Creating a weld seam mesh with the help of the Modelling Guideline and your pre-

processor M MAGNA
Based on the geometry a mesh is Modell ;
generated. The element size of the 00e mglc(lJ
mesh should be double the minimum FEM we

thickness of the welded plates. SEalliS

The finished definition
includes all parameter

A, (for every node and
ﬂi‘% element) for the weld
o ‘ seam.
DN
L 9l 3l3 C 100
CE
| 2 1 ‘
4 TOP 4 TOP Q_
( '-C[MAT201] [MAT203 | ¢ |
Seite 2 Seite 1 4

The Modelling Guideline includes all necessary information about the weld seam which are
needed to define the weld for the FEMFAT analysis with the Pre-processor. FEMFAT visualizer
uses this information automatically when defining the weld seams. There are different guidelines
and weld databases provided for common standards as EUROCODE, BS,....
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FEMFAT weld

- Methods overview

M MAGNA

Choice of 2 Methods

Stress based

Advantages

Support of many welding seam types

Special notch factors for welding seam
start/end nodes available

Consideration of normal stress
perpendicular to welding seam, normal
stress parallel to welding seam and shear
stress

Disadvantages

No weld geometry parameters considered

Continuous transition between T-joint and
overlap joint must be divided

Advantages
— Less sensitive to mesh quality

— Takes into account weld geometry
parameters

— Continuous transition between T-joint and
overlap joint

Disadvantages
—  Support of 4 welding seam types

— Welding seam start/end nodes are treated
like weld middle nodes

— Consideration only of normal stress
perpendicular to welding seam

May 2021 / FEMFAT Support
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Analysis in FEMFAT weld — stress based M MAGNA

Notch Stress

Structural Stresses Notch Factors

Structural Stresses out of Details are stored in open Notch Stresses are Structural
shell-meshed FE models FEMFAT WELD database: Stresses multiplied by Notch
factors

* Notch factors
*  Weld Haigh-Diagram
«  Weld S/N Curve

WELD Database
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Analysis in FEMFAT weld — stress based

M MAGNA

1. Transformation of the
stresses to a local
coordinate system

2. Calculation of notch
stresses in all
directions

Principal Points
Anisotropic strength characteristics for
welding seams
Stresses perpendicular and parallel to
seam are critical
Transformation to local coordinate system

Normal stress perpendicular direction in notch (in principle):

01 notch = 01 nominal * BL

Normal stress longitudinal direction in notch:

O|,notch = O|,nominal * ﬂ|| = 0| nominat TV * (0L notch — 0L nominat)

Shear stress in notch with a; = (a; + 1)/2:

Tnotch = Tnominal * Br = Tnominar * (BL +1)/2

Weld e.g. MAT 201

Node e.
g. Cl01

B, ...derived notch factor perpend. to the weld seam <« from the database
By ---notch factor parallel to the weld seam «- from the database or estimated
B....shear notch factor «— from the database or estimated.
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Analysis in FEMFAT weld — stress based .
Equivalent Safety Factor / Equivalent Damage M MAGNA

Based on the stresses a damage or safety factor is calculated for every direction. Then a total
result is generated on the base of the formula which is based on the DVS 1608. The weld start-
and end- results are calculated additionally.

« Equivalent Strain Energy Hypothesis using DVS 1608 (standard)

a, = \/ai +af+f-a,-a+a? — D, = a,*err a......Utilization degree
D, ... Equivalent damage
ke -...weighted averaged slope of S/N curve

1 1\? 1\ 1 1\° Soiiis Safety factor
s J\s, + S_|| +f S-S, + S_T fo.. weighting factor for multiaxility (-1 <f < +1)

*  Weld Start and End Nodes using HAIBACH (assessment of stress components individually)

O Equiv. o Oal T 1 1 1 1 g,..-Stress amplitude of the load

R = yAx (2= ) o= MAX (o Admissible st litude (from S/N

OaEquiv. Our ' Oay Ta & S.'S’ S, g,4...Admissible stress amplitude (from curve)
S... Safety factor
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Stress correction and analysis at weld start/end node is done in two directions M MAGNA

Weld start/end is analyzed twice:
1.) Analysis as weld middle node

Notch 1 . . ) . ;
oK « Automatic stress correction in direction 2

and 2' resp.
* Notch factors and SN curves for middle
nodes from weld DB are used for analysis

2.) Analysis as weld start/end node
« Automatic stress correction in direction 1

Notch 2

Position code (analysis output)

EWUTOP Weld start/end notch 1, root, shell top * NOtCh faCtO S and SN curves for Start/end
EWUBOT  Weld start/end notch 1, root, shell bottom nod es from Weld DB are used for an alyS|S
EUETOP Weld start/end notch 1, toe, shell top

EUEBOT Weld start/end notch 1, toe, shell top o =g, ﬁ

NWUTOP  Weld start/end notch 2, root, shell top L,notch L Pl

NWUBOT  Weld start/end notch 2, root, shell bottom o = g - ﬁ

NUETOP Weld start/end notch 2, toe, shell top ||,notch Il 1

NUEBOT Weld start/end notch 2, toe, shell bottom
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FEMFAT weld database content - overview M MAGNA

FEMFAT WELD database

p Must be modifed when introducing a
new joint into the database
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Noctjch fac]:[ors a;le de;tjerminfed f(()jr the rg:le”vantI shget a?ld h)ad-case for unity sr,;[resfs. Theh )
undercut from the radius of Radaj modelling leads to higher root stresses. Therefore, the notc Y
factors must be corrected. M MAGNA

""""" Determine
notch factors
unit stress LC1 base ... in roots:
0co = 1MPa I : e | - Correction of Notch Factors -
g S S
4
NFR = KF =27
1—p*)?
kF=—LP) 675
1+p*(1+0%)
= = = 0,6
Oouter = 1 g=2 0o = 1 L_Pr _06_
QD pr="f=—=0,
/ / * Gouter 1
o = = —_— = 1

Oinner 1

o 2
NFT=—=-=2,0
O 1

NFR ...notch factor root
NFT ...notch factor toe

Oinner = 1 o=4
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Notch factors are assigned to different material labels acc. to modelling guideline M MAGNA

—— Assessment Points

Update weld

\
\
t
1

\
\
{
1

database

4
%// =

AN
|
MAT 605
\
MAT 606

Assessment ' ToP ToP

Element .
" MAT601 \ MAT 603 -\ \ ToP \ ¥Top
® UT: Toe TOP \ \
® WT: Root TOP C 100 C 100
WB: Root BOTTOM
® UB: Toe BOTTOM MAT | UTL1 | UTL2 | UTL3 | uBL1 | uBL2 | UBL3 | wTL1 | wTL2 | wTL3 | wBL1 | wBL2 [WBL3
... up to 4 assessment 603
points per element 604
605
606
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WELD — Sensitivity Analysis
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FEMFAT weld Sensitivity Analysis: Weld Geometry Definition

M MAGNA

different quality classes for geometry parameters

different fatigue results

v

Computation of Sensitivity Factor

Parameter —
T-Joint 90°

Better Quality
(Quality class B)

Example: T-Joint 90°

n=dh

.

Weld gap

Standard Quality Worse Quality
(Quality class C) (Quality class D)

Degree of weld penetration - n 100%
Seam thickness - a 15t
Seam inclination angle - a 110°

Omm

Weld gap (at 3mm thickness)

50% 0%

t 0.7t
100° 90°
0.5mm 1.5mm

-> Determination of notch factors for weld database (total 9 databases)

© MPT Engineering / Disclosure or duplication without consent is prohibited
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FEMFAT Weld Sensitivity Analysis: Supported Weld Types o
YAl PP yP M MAGNA
« Butt Joint n
* Lap Joint Only one sided joints for steel.
. T—ioint90° — Double sided joints or aluminum
—Join welds are not supported.

« T-—joint45° _

—— — . : |

' \ Sensitivity ; .’

Analysis
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FEMFAT Weld Sensitivity Analysis: Example

M MAGNA

Results for varying geometry parameter ‘Degree of Weld Penetration’

Endurance Safety [-]

Better quality

Standard quality

Worse quality

3.88
(N6836)

1.38
(N6836)

0.63
(N6836)

May 2021 / FEMFAT Support

E - Spig ~ Ssmanr _ 3.88—0.63
sens S 3.88

big
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High Sensitivity to
variation in degree of
weld penetration

=0.84



SolldWELD
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Workflow (at least a FEMFAT 5.2 MAX license is presumed)

Volume mesh creation

Creation of a volume
meshed FE model of the
weld joint. The toes and
roots are not rounded in
this case, but are instead
angular. The FE mesh
here must be refined
locally in a general fashion
in the vicinity of the weld
toes and roots (at least
three elements over the
sheet thickness).

May 2021 / FEMFAT Support

Save nodes of toes
and roots in
sets/groups

The nodes on the edges
for toes and roots must be
saved in groups (sets)
using certain naming
conventions. These sets
are used in FEMFAT to
identify the solid weld
seam nodes that are to be
analysed.

Finite Element
Simulation

N

Finite Element Simulation
can be done with each
solver that is supported by
FEMFAT. It is essential to
have the groups to further
process the data in
FEMFAT.

Stress interpolation
method using Master
SIN curve

Weld nodes

Point for
assessment

h !

o@
RS
W
eb

The analysis is performed
using the critical distance
method, which has been
modified for coarse FE
meshes (element length <
t/3). Analysis data, such
as a master S/N curve,
sheet thickness influence,
assessment distances,
etc., are stored in the weld
database.
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Calculation of the
safety factor or the
damage

Creation of the MAX
scratch files (*.fms) for a
node group, which also
contains enough nodes
in the vicinity of the
assessment depth for
root and toe. Enable the
WELD module switch.
Calculation of the safety
factor or the damage. Itis
possible to perform both
base material and shell-
based WELD and SPOT
analyses at the same
time using SOLID WELD
assessment.



In cooperation with ANSA and SimLAB an automated process of modelling a .
welding seam was developed. M MAGNA

Volume mesh
creation

1. Define the connection lines between
the sheets.

2. Define the geometry of the cross
section of the seam.

3. The geometry of the sheets and the
seam is combined to a meshable
volume.

4. The mesh process is fully automated
including the correct element size and
group information for FEMFAT.
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The nodes of the SolidWeld groups are analyzed twice. A\'\ MAGNA

The first analysis is required to determine the direction of the
critical cutting plane. Here, the node is analyzed as a conventional =i

solid node with the default material data assigned to the node, MasterSIete
however, the results are not saved.

In the second analysis as a SOLID WELD node, the stress is
determined at a certain depth in the direction of the critical cutting
plane which was determined in the first analysis.

Default values: ap = 0.0 mm (extrapolation onto the surface).
ap= 0.1 mm
a; = 0.5 mm

Surface vector

1 a=0 or ay=a,, then osw = 64 (no extrapolation).

SolidWELD node

Projection of the
surface vector on
the critical plane




Welds with reference radius
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Workflow of a FEMFAT weld assessment using solid model and reference radius A\'\ MAGNA

Finite Element
Modelling using

Reference Radii for
root and toe

Finite element model with
rounding radius at the root
and toe notch.
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2
Material assignment
and definition of groups
named C200 for nodes
RUEREGITIS

Assign appropriate material to
the nodes in the radius.

——

€200-C299 '
N :

O

Definition of groups C200 —
C299 to switch off the
gradient influence etc.
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3

Fatigue assessment
using FEMFAT basic,
max or spectral

FEMFAT results in root
and toe




Assign material for nodes in radius A\'\ MAGNA

2

Material assignment
and definition of groups

named C200 for nodes

Reference radius of r=1 mm orr =t/10 ; in the radius

...material_database/iron/General_Structural_Carbon_Steel/

ASTM-50 rims_root TZS userdef Haigh.ffd
ASTM-50 rims toe TZS userdef Haigh.ffd

Reference radius of r = 0.05 mm :

...material_database/iron/General_Structural_Carbon_Steel/

File View Analysis Options Templates Help

steel_r=0_05 mm_TZS.ffd.ffd ©® &8 B oo e e

ChannelMAX Nede Characteristics
I = entities Group Selection

i Groups
B cnanns nce2 20-C200
T\ aterial Dat nce3
C=qMaterial Data 16 - Influence4 Number of Nodes: 476
5
\ 4# Node Characterisics :;: : :z:: Number of Elements: 0
€200-C299 ' & inuence Factors 19~ DETAILED RESULTS
i Ry [=2Z1p T CheckNode Label 8909
i b O 1 Strain Gage Data 4 1, I3
4
‘/ O 7 Analysis Paramsters Assign Node MaterialiCharacteristics
2 % Scratch Setling Material I4 -steel r=0.05 mm Mean-Spr E
Surface Roughn : 140.000( [um)
Bouwut i -G_AICUATITA)  Alu
Technological Size at 3D Nodes 3-GG30 Graug glatte
BEpSt Range of Dispersion (10% to 90%). admda Ut A U N ACENREEE]
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Deactivate gradient influence automatically A\.\ MAGNA

2

Material assignment
and definition of groups

named C200 for nodes
in the radius

Put nodes of reference radius in groups
named ,C200° - ,C299" ——.

(0200-0299 /"
’/" ‘\ i

/'/ i O
e

Switch on FEMFAT weld.

During analysis, for the nodes in the group C200-299 following influences are ignored
(if WELD is ON).

Influence Factors

—Gradient influence [ General Factors | Surface Treatment] WELD |spoT |
—Mean stress influence on slope e ’
—Mean stress influence on cycle limit g s S ..
—Surface roughness WELD Database

—Mean stress rearrangement (PLAST) O i e e e e
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WELD — Example
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M MAGNA

With shell-solid couplings, only the shell side is analyzed, which typically has the

smaller sheet thicknesses and is therefore critical.

Longitudinal Member: WELD assessment under multiaxial loading

Time

Histories:

Load

Stresses from

Unit Loadcases:

Shell-Solid

Shell-Shell

© MPT Engineering / Disclosure or duplication without consent is prohibited
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Select between weld types/seam shapes from the imported WELD database. A\.\ MAGNA

Definition of weld seams for the fatigue analysis

\ﬂsualizer5.4.1-...imCo\Mod > \“‘ Qé‘ai‘ﬂ.‘ﬂ’ml 'J‘l" |[FEMFAT

Lagint
o ﬁ{’ ’Q““““

S

WELD Definition

= Weld Type/Seam Shape Weld Seam

# BUTT-JOINT } S Name: [Seams ] &ﬁﬂﬂ

+ EDGE JOINT
&> | 106 - simple weld start non-boxed -
= T90-JOINT | s -
] |-1D1 - simple weld end non-boxed j

oublet € : : Welding Finish: | nnnnn 1 j | 1
HV-5eam =]
DHV-seam .’;_é | AT 57 ¥ Assessment of welding seam end
DHY-5eam [~ Ignore PID changes at welding seam end definitions

One-sided fillet weld with clearance (JSAE)
HY-seam, 80% penetration
One-sided fillet seam without root undercut ¥ Seam checked by user

HY- ith fillet weld -
seam with fillet wel = Length: |156.923 o

¥ Ignore sheet intersections at welding seam end definitions

Weld definitions are saved in the *.wdf file

Automatic weld definition by

« XMCF file in FEMFAT visualizer
« WELDseamScanner
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If the FEMFAT Result Manager is used to combine results, the results of all .
assessment points (Root, Toe, Top, Bot) are combined separately. M MAGNA

Longitudinal Member: WELD assessment under multiaxial loading

Visualizer 54.1 - __imCoWod¥ghevrerétiSiarab, L S\EEMPATS_temialinngittdinet e ..-.:‘lﬂgy;"gégé‘g})ﬁ,,;é;gf
MIN: 1e-030 MAX: 3.68e-007 “:&#ﬁ&#&#““““‘x&‘%&%}%%% 3.68e-007
Sedliitiisesiaeiers - 4
NSNS S i
Node Label: 5130 ““\\\“\\\“‘“« Sl “‘\' g 3.68e-008
Damage M/mod: 1.275e-008 “:&&8&@@@“‘(% -
1/Damage: 7.841e+007 BTSRNNets.
Rel.Str.Grad: 0 “‘&“&#&““‘“ 3.686-009
Additional o0 e T
rformation fo S e
WELD nodes. gﬂtt:aga?itcr)esls:_? “““‘i~ N f
atan(Sm/Sa); 0 N ' ] 75 3.68e-011||
LocFatigLim: 109.3 ok — '='!5%.'..‘p \
_______________________ L) 4{9’ Y
_ \ Most crit. finite weld seam (From.To) - 5130,5123 ‘% = "’,’fi&(‘%"’E&l“‘\ 3 680.012
The detailed Damage: 1.275¢-008 SN S eseateEar® . WL
Most important ElemLab; 4564 k ] "'-a" ““"\\
output can be Type: 206 === ﬁﬁﬁg““" \
found n the e e R
protocol file Position: NWUTOP// ‘}?"-"‘""“i‘“‘-“‘ L
NN RO T A T 16030 L
(*.pro) " Nagpt (RS s e e S aeue. |
v SR (ioeeseate )
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M MAGNA

FEMFAT spot

Fatigue Assessment of
Spot Welds, Rivets, Nalls




The connecting element is crucial for conducting a FEMFAT spot analysis. M MAGNA

' Workflow for spot-weld analysis

Fatigue
assessment using
a FE-solver BASIC or MAX

Initial FE-Mesh Implementation of FE Analysis using

without weld spot the FEMFAT
definition ~SPOT element”

In contradiction to other FEMFAT modules FEMFAT spot requires an implementation of the
connecting SPOT element. Depending on the method a desired connecting element has to be
implemented. Then a FEA has to be performed before the fatigue analysis.

Original Body In Implementation of FE-solver FEMFAT Damage
White Model the Spot-Joints Results
compatible
FE-solver
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Mind the rules for connecting elements when the force based concept is used in

order to obtain suitable results.

‘The choice of analysis method is dependent on the existing joining technique

[ Choice of 2 Methods ]

Structural stress of sheets

For M,
\ Fu M,

Force between sheets

Advantages
— Accurate

— Fast fatigue analysis
— Easy postprocessing
— Spot and rivet assessment

Disadvantages
— Higher meshing effort

May 2021 / FEMFAT Support

. Advantages
— Easy preprocessing

— Easy repositioning
— Various connection models

. Disadvantages
— Problems with certain loading conditions
— Mesh dependent
— No rivet assessment

© MPT Engineering / Disclosure or duplication without consent is prohibited
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Creation of SPOT nuggets can be generated by FEMFAT Spot Remesher or .
Preprocessor (e.g. ANSA). In FEMFAT different stress selections are available. M MAGNA

Stress based option

Minimum 2 inner elements are needed!
Maximum 64 outer elements can be used!

Shell Elements

for Evaluation Oe. ... Equivalent stress

. Signed v. Mises
® O, = SIgn (O'r ) O Mises Stress

— 2 2 2
O Mises _\/O-r T Oy _(O-r 'O't)-32'

Node C120

e O, = O Normal Stress Radial

Aj Local Coordinate System
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FEMFAT uses the stress components at the top and bottom of the shells to identify
the loading type — here an example for pure shear.

M MAGNA

Extreme load case: Pure shear load is applied

May 2021 / FEMFAT Support

30

20

10

-20 |

-30

15

10 |

-10 |

-15

radial stress

! e~
\;/, ~ /
| | | | | > |
LN
_-Z 3 4 5 6 T8

-10 |

node number

shear stress

— — — —shell top

shell bottom

— — — —shell top
shell bottom

node number

15

tangential stress

10 |

-10 £

-15

— — — —shell top
shell bottom

8

nodes for evaluation

7 shell elements for evaluation
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Depending on the loading type different S/N curves are used for analysis. A\.\ MAGNA

Selection of the appropriate S/N curve

Cross-tension load Y |

5000

\
\\
52000 ——
% \\\\\
Q. —
= 1000 —
[g+]
'% Pe—
S —
500 \ A \\\
4 \
\\
\\\
T
1.10 10 1.10 2.10
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Material :St05
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New SPOT database (xml format) allows flexible definition of spot joints.

M MAGNA

Concept of FEMFAT spot database

» SPOT stress based assessment:

FEMFAT SPOT-Database

<info >

May 2021 / FEMFAT Support

The FEMFAT analysis is based on the stresses of the outer
nugget elements.

standard spot nugget <spot_sheet stress>
standard rivet nugget <rivet _sheet stress>

extended spot nugget
<spot_sheet_stress_extended>

SPOT force based assessment:
The FEMFAT analysis is based on the forces
of connection elements.

spot elements for force based assessment
(CBAR,CBEAM, CHEXA, CWELD,
soon: Abaqus Fastener) <spot_sheet force>
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SPOT — Super Elements
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Detailed FE-model leads to accurate stiffness and stress results. Assessment of

stresses with one master S-N curve independent from load type and direction.

M MAGNA

Workflow: Usage of Super Elements

BIW sheet structure with
hexa elements connected
by RBES3 to sheets

Applicable to all types of spot joints
(spot welds, rivets, nails, ...)

May 2021 / FEMFAT Support

Replace hexas by
super elements
connected by 4

nodes/sheet via RBE3

Pre-Proc

R
N~

Database with
super elements Post-

and stiffness processing
matrices
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SPOT — Example
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Rivets can also be evaluated with different material pairings. The new Rivet

Advanced method even offers the possibility to evaluate for punch rivet failure. A\.\ MAGNA

Longitudinal Member: SPOT assessment under multiaxial loading

Stresses from Load-Time
Unit Loadcases: Histories:

AT
v
A

v

L7

Rivet St-Al

2%
LT AT AT v

{777
INEENEN

L7

7
L7

L7
77

%
2%
7

L7

o

0%
3
f

(P
‘:::

ANy ssnus!

(]

Spot Al-Al

(l

"

e

S

RN

o
LS

o

=X
X

[ T 77T
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By default, the most ‘critical’ result is mapped to all nodes. The results analysed for
the outer nugget nodes are mapped to the inner nodes for the ‘detailed’ view. M MAGNA

Longitudinal Member: SPOT assessment under multiaxial loading

Visualizer 5.4.2 - C\FEMFATworkshop\04_JojntAssessmentyd_femfat\member.fps (analysed with FEMFAT 5.4.2) _
RESULT: Damage I FEMFAT
SCALE: LOGARITHMIC

MIN: 1e-030 MAX: 3.68e-007

Node Label: 9623

Damage M/mod: 1.471e-010
1/Damage: 6.797e+009
Rel.Str.Grad: 0.6872

Log10 Damage: -9.832

Additional Log10 1/Dam.: 9.832
: 6th Root Dam: 0.02298
Information for Stress Ampl.: 40.53
Mean Stress: 2.702
SPOT nodes. Str. Ratio R: -0.875
atan(Sm/Sa): 3.814
LocFatiglim: 115
:j'“_“t“'é """"" H 3.68e-011
oint:
i CenterLab: 21659
The detailed qutput Location: ton
can be found in the Angle: 75
. Elem Label: 75398
protocol file (*.pro): Prop ID: 3001000

std_spot_stress_fatigue_data_alu/ I

Joint 8
Connector Element(s): 75374
Stress based Assessment
NodeLab CenterLab Damage Loc. Angle Amplitude MeanStress ElemLab PropID FatigueID
9623 21659 1.471e-010 top 75.0 4.053e+001 2.702e+000 75398 3001000 std spot_stress_fatigue data alu
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M MAGNA

FEMFAT + ClaRP

Fatigue Assessment of
Adhesives




Several calibration loops were required to create the new material file for .
adhesives based on a master S/N curve. M MAGNA

Way to Fatigue Assessment of Bonded Joints

1. Analysis Concept & Strength Data

Master S-N curve:

FOSTA [1][2] [3] [4]

'f!

FOSTA [1][2] [3] [4]

Validation S-N curves:
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Tests have shown that the fatigue analysis leads to conservative results in locally .
stressed areas. Therefore, a new method for damage assessment was developed. N\ MAGNA

Workflow for Fatigue Analysis and Damage Assessment

FE Model e.g. BIW » 1310 Adhesives in BIW

180 Virtual Crack Zones (VCZ) at
133 Adhesives with D,,,,,, > 1

FE Analysis linear, static

VCZ —

Adhesive

Fatigue Analysis |FEMFAT »

Damage Assessment » 20 critical VCZ with ay > 1
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The groups shown here are used in FEMFAT. After fatigue analysis, adhesive .
layers must be defined for ClaRP using element sets. M MAGNA

FE Mesh & Groups
Generate the Adhesive Sets:

Meshing: by ANSA Connection Manager, Adh_ELE:
HyperMesh Connector, ... Hexa elements
of adhesive
\\\ \\ \\ \\
k ‘ : : Adh_GRI_all:
All nodes of
RBE3-hexa-RBE3 adhesive

- for all Adhesive Adn_GRI_mid:
X _— Seam Lines Nodes in middle
& plane of <

\ SIS =it adhesive
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Adhesives are analyzed in the middle plane of the layer. Furthermore, specific

settings and material files must be used.

M MAGNA

IEEYIEZNE - Minimum Input & Analysis Run

Groups:

Manage Groups

|9 - Adh_ELE(MOD.)

9 - Adh_ELE(MOD.)

10 - Bahn_Adh_ELE

11 - Bahn_Adh_GRI_all

12 - Bahn_Adh_GRI_mid(MOD.)
20 - BM1496Y_Adh_ELE

21 - BM1496Y_Adh_GRI_all

22 - BM1496Y_Adh_GRI_mid(M!
30 - SiPo498_Adh_ELE

31 - SiPo498_Adh_GRI_all

32 - SiPo498_Adh_GRI_mid(MC

Analysis Parameters:

Analysis Target

Node Characteristics:

Group Selection

|9-Adn_ELEMOD.) |

Assign Mode Material/Characteristics

Material: [1- sikaPower 493 ~|

Surface Roughness: |Defau|t (= 1gm) v|

Technological Size at 30 Nodes: 7.500| [mm]
Range of Dispersion (10% to 90%): 1.260

Filter Type

(® Damage MINER Modified
(") Endurance Safety Factor R = const.

() Static Safety Factor BREAK |FEMFAT 5.0
() Stress/Strain Comparison  STRAIN Comp

() Degree of Multiaxiality

Global Parameters Analysis Filter Cutting Plane Parameters

Stress Selection

(® Absolute Stress Limit [N/mm2)
Stress Filter Limit

J () Relative Stress Limit [%]

[ Advanced

Cutting Plane/Mode Filter
() 2D-Stresses, Surface Nodes

(_) 3D-Stresses, Surface Nodes

Automatic

(® 3D-Stresses, All Nodes

May 2021 / FEMFAT Support
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Add Nodes of
to Elements of
to create the Analysis Group

Add to
for separate analysis of the adhesives

Assign the available Material

to the Analysis Group

Select

Set to

Select
(for MAX only)



ClaRP has a GUI mode for creating new jobs and performing the analysis. If job
files are available, batch mode can be used for process automation.

M MAGNA

— Minimum Input & Analysis Run

GUI mode:
1. Select FE Entities:

Material parameters I | ' e ,[
from test are saved in | ! [P | / - |
‘ -
|- w

the ClaRP database:

Batch mode:
Job File (*.crp):

i ClaRP 21.1 - X
== H @ ©o =
FE Entities  Fatigue Results Fracture Analysis Test Data
FE-File | NASTRAN Bulk | [ A1 femodbody dblnag || Browse

2. Select Fatigue Results:
i ClaRP 21.1 - X
= H ®© 0 =

FE Entities Fatigue Results  Fracture Analysis  Test Data

DMA-File | I-DEAS MS Universal v| [ A3femfatibody.dms |

Browse

Version: ClaRP 21.1

# FE

FE File: ..\..\1l femod\example.nas # file path

# FF

FF File: ..\..\3 femfat\max\example.dma # file path

Run the job (*.bat, *.que, ...):

3. Save H & Run = the job

May 2021 / FEMFAT Support

T —
set CP=CALL "C:\path2\software\clarp\win\ClaRP.exe"“

T —
$CP% --crp C:\path2\projects\projectl\jobl.crp

$CP% --crp C:\path2\projects\project2\jobl.crp
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The ClaRP report file gives a clear overview of the critical areas. The output can .
be sorted by different results. M MAGNA

Assessment result in the report file (*.rrp) A
Computation time: 14s

ANALYSTIS REPORT Virtual Cracked Zones Data
Program . ClaRP Virtual Cracked Zones Types ... combined types are possible
Version . 21.1 ci ... D>1at i corner nodes X
Date : Di Apr 13 16:31:22 2021 ei ... D>1atiedge nodes x
Analysis Content : Adhesive Layer Assessment on FE-Structures mi ... D>1at i middle nodes
... based on Fatigue Analysis Results from FEMFAT
Notice
Comment In Scope
Adh. ID Zone ID Zone Type Dmax Node ID(Dmax) Asse. Mat. Equiv. Len. Utili. Deg. ClaRFP Res.
General Tnput Data 85 3 c2e3 1.578E+04 4260471 SP493 3.53003E+00 1.66476E+00 not OK
117 3 c2e3 1.057E+04 4363734 SP493 3.51498E+00 1.65767E+00 not OK
2 1 c2e2 2.378E+02 4398927 5P493 3.33234E+00 1.57153E+00 not OK
Cl1aRP Input 121 1 c2e2 4.228E+02 4474239 SP493 3.22838E+00 1.52250E+00 not OK
C:\FEMFAT\body\ 4 \body.crp 26 1 c2e2 2.752E401 5477385 SP493 3.21192E400 1.51474E+00 not OK
12 1 c2e3 4.935E+03 5572658 SP493 3.14312E+00 1.48229E+00 not OK
C1aRP Database 42 1 c2e3 3.153E+03 5570711 SP493 3.13976E+00 1.48071E+00 not OK
C:\FEMFAT\body\ 4 \body.drp 89 3 c2e2 2.231E+02 4328595 SP493 3.01723E+00 1.42293E+00 not OK
118 1 c2e2 8.232E+01 4435071 SP493 2.90110E+00 1.36816E+00 not OK
ClaRP Allocation Table 40 1 c2e2 1.911E+01 5616679 SP493 2.89957E+00 1.36744E+00 not OK
C:\FEMFAT\body\ 4 \body.drpa 116 1 c2e2 1.083E+01 4356714 SP493 2.77718E+00 1.30972E+00 not OK
33 1 c2e2 1.967E+01 5643278 SP493 2.76410E+00 1.30355E+00 not OK
FE Tnput 7 1 c2e5 4.102E+02 5641541 SP493 2.75993E+00 1.30159E+00 not OK
C:\FEMFAT\body\1 \body dbl.nas 46 1 c2e5 1.902E+02 5643488 SP493 2.42202E+00 1.14222E+00 not OK
- 15 3 cle2 3.098E+02 4329963 SP493 2.36398E+00 1.11485E+00 not OK
FEMFAT Result 49 1 c2e2 4.111E+01 5570918 SP493 2.36396E+00 1.11484E+00 not OK
C:\FEMFAT\body\ 3 \body.dma 124 3 c2e2 7.393E+02 4388406 SP493 2.35127E+00 1.10886E+00 not OK
50 5 cle2 3.005E+01 4440378 SP493 2.26355E+00 1.06749E+00 not OK
Status 45 2 cled 7.585E+01 5643932 SP493 2.18922E+00 1.03244E+00 not OK
Analysed Adhesive Layer Planes 3 1 c2e6 9.527E+01 5642828 SP493 2.18041E+00 1.02828E+00 not OK
Fatigue Analysis .eveeiiiienenrcrirrnnsnnssnannns Middle Plane 50 3 ed 1.598E+02 4440198 SP493 2.05837E+00 9.70725E-01 OK
Fracture Assessment . . Middle Plane
Scaling Linear
Report
Zones per Layer All -
Sorting .... . Utili. Deg. - 20 I Z
Number of Load Cycles 1 P "T Crltlca’ Ones
. ! .
R = with ay > 1
Damage from Crack Initiation .................... 1.0 [-] - ' ! o
~~—
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Adhesives — Example
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Some adhesives have very different material properties. The linear static values .
used in the FE analysis should be consistent with FEMFAT. M MAGNA

Longitudinal Member: Adhesive assessment under multiaxial loading

Stresses from Load-Time
Unit Loadcases: Histories:

Adhesive Layer
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For the evaluation of adhesive layer nodes, detailed results can be requested in
FEMFAT. Repetition Factors can be considered in ClaRP.

M MAGNA

Visualization & Detailed Investigation

Visualizer 5.4.2 - ... JointAssessmeni\3_femfabimember fps (analysed with FEMFAT 5.4.2)
RESULT: Damage

SCALE: LOGARITHMIC

MIN: 1e-030 MAX: 1.14e-006

Node Label: 28901
Damage M/mod: 1.140e-006
1/Damage: 8.769e+005
Rel.Str.Grad: 0.1319

Log10 Damage: -5.943
Log10 1/Dam.: 5.943

6th Root Dam: 0.1022
Stress Ampl.: 14.74

Mean Stress: -0.4755

Str. Ratio R: -1.067
atan(Sm/Sa). -1.848
LocFatiglLim: 13.72

|IFEMFAT

1.14e-006

1.14e-007

1.14e-008

1.14e-009

1.14e-010

1.14e-011

Failure criterium: Zone
Damage limit for crack initiation: 1.0
Middle plane analysed separately: yes

PLAST: Mean
4.0
? 32

x middle plane [ 24

ay: 1.018
Degree of
Utilization

ay >1
(ﬁ‘ep = 5e6)

— critical!
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M MAGNA

Assessment of short fiber

reinforced plastics
In MAX

iIn SPECTRAL (from 5.4.1)




Since a separate mesh is used for the injection molding simulation, the fiber .
orientations must be mapped onto the FE mesh before the FE analysis. M MAGNA

Motorcycle Luggage Rack — Workflow with courtesy of BMW

Geometry Injection Die Cast Finite Element

Simulation : Analysis (FEA)

(CAD-Data) anisotropic material data

Material data/ Influence
factors

Load-time-history / Load
spectrum

Fiber orientation | = Stress gradient

Environment Temperature, etc.
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In FEMFAT the local material parameters will be analzed in the main directions of
the anisotropy by inter- /extrapolation between given material data (parallel/ perp.). A\\ MAGNA

Motorcycle Luggage Rack — Results

* FE-Model for fill simulation:
~ 1,3 Mio. Elements

Fiber Orientation Tensor « FE-Model with mapped data:

(Component a,) Max. ~ 400.000 Elements

S, Max. Principal
(Avg: 75%)
.416e+08

.600e+08
.394e+08
.189e+08
.832e+07
.776e+07
.720e+07
.663e+07
.607e+07
-4.487e+06
-2.505e+07
-4.561e+07
-6.617e+07
-8.673e+07

Calculated
lifetime
26.000 cycles

Test of five components yielded load cycles between
46.000 und 96.000 until crack initiation.

Analysis without considering anisotropy delivers
2.000.000 cycles = 30 times too optimistic!
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M MAGNA

FEMFAT laminate

In channelMAX




The fatigue assessment need to be done in several directions and therefore all this
material data must be known from test. M MAGNA

Fatigue assessment of different load directions

Fatigue Assessment for Fatigue Assessment of Normal Fatigue Assessment of Shear
Fiber Fracture Stress for Inter Fiber Fracture Stress for Inter Fiber Fracture
(FF) (IFF) (IFF)

To1

-R° R ‘R, R, R Ry
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LAMINATE can only be used just in the combination of Abaqus (SHELL/ SOLID .
SECTION, COMPQOSITE) and channelMAX. M MAGNA

Fatigue assessment of different load directions in plane

Cutting plane « Necessary material data for fatigue analysis:

T — S-N curve is interpolated between normal and shear
.:::s H{ 21 — Static strength depend on load direction and are taken
o, cee’ from Puck’s curve
L

— Haigh-diagram is interpolated between normal and shear

Modus/mode C

7, * Input number of load directions
Modus/mode A

ol « Rainflow counting of stress vector projected on
each load direction (red lines)

1"'pru * Hﬁ”Rm

« Linear damage accumulation for each load direction.

t * Additional parameters p,,‘'and p ¢ have to be
specified, default values for CFK acc. VDI 2014

- pyt=0.35
- pyf= 0.3

I GM
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FEMFAT Homepage www.femfat.com A MAGNA

I A ZRN software PRODUCT INFO EVENTS/NEWS SUPPORT DOWNLOAD

International Contact

FAQs FAQs

General
Input
Installation
Material
Module basic

Module heat

General

Module max
Module spot
Module weld

Output

Webinar

Module basic
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http://www.femfat.com/

FEMFAT Homepage www.femfat.com

M MAGNA

May 2021 / FEMFAT Support

FEMFAT software PRODUCTINFO  EVENTS/INEWS SUPPORT  DOWNLOAD
FEMFAT

Software & Release Notes

Documentation

Getting

Getting Started

FEMFAT LAB Started

Papers

Flyers
Getting Started

BASIC, HEAT, SPECTRAL

BASIC

HEAT

SPECTRAL

MAX Transient

MAX channel
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