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Motivation M MAGNA

In the early development
process, you want to get
results fast with very short
computing time.

Long load - time histories
prevent this.
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Motivation M MAGNA

With consideration of

* Phase relationship of the
Input channels must be
preserved

 Extreme values should
occur

- Damage should be the
same
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Damage equivalent test time reduction A MAGNA

FEMFAT reference calculation
FEMFAT LAB level selection 5 ) ~
FEMFAT job- and batchfile generation e AN m
Mixing track o\ 4 '"
Generate result . .

ok wbdE

§ FEMFAT LAB]
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Background rainflow counting

M MAGNA

Dehnung

.

- FEMFAT LAB offline
rainflow counting:

— Starts at biggest minimum
Sequenzshift: load data before
minimum shifted to the end of
time data

— Results closed cycles — no
residuum

|IFEMFAT LAB
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Background level selection M MAGNA

¢ FEM FAT LAB -. Le\reISeIe‘(tion | _ O %
level selection -
— Based on rainflow counting

LevelSelection | Create signal] Create Jobfile] dyn. counting limits

Channel  [use [ Channelcombinations | Note |
— Selection of “from / to” values e b
with biggest amplitude (highest oo w5
damage) or with occurrence St 5o

counts (edit with slider control)

Coverage of extreme values

i 20
Min ’— Ji Na. load cycles
Max ’30|— j

Damage ———— '— Oceurrence

50% 0%

Iv Edit Resultdevels

Start calculation

|IFEMFAT LAB

Date: September 22 / Author: ECS St. Valentin © MPT Engineering / Disclosure or duplication without consent is prohibited



Background level selection

M MAGNA

- FEMFAT LAB
level selection

— Level selection for
each channel and
save level for all
channels at the
same time

Rainflow-Matrix
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Date: September 22 / Author: ECS St. Valentin

NI CHO1 - M1_af g _ InputA rsp

Max 1375 [N] ( ) P-P 6109 [N]|
10000 -

00l oy hﬁ,ﬁﬂﬂﬂ_ﬁm I ANWWMWW* 4
L 4 LI / ]I

-1000. I
-20000
-3000 — 1 -
-4000 0

{Min -4735 [N] | | 3

; T 1 ‘—C -

50 00 150 200 T 300 35.01s]

int CHO2 - M2_afy _ InputA rsp

4000. -
3000 0-4Max 3956 [N]. } - I : F—“F’_'B?Gll‘l\ L
N ! ] 1
200 o | PR P T PP TR PRI B W JETIIN PTVITY S N YN P AT AT "
0.01in 919 ] L ha S i A TRy - OV ! T R it T
1000 ! A . ;
0 50 00 150 200 50 300 35.01s]
: |
5000 f b m)
v . = " P Py W YT |
2 = = i L = 1 i e i
o i A — ! I }
— i

00 50 00 15.0 200 250 300 35.0(s]

NI CHO4 - M4_bfx . _InputA rsp
15%” Max 12188 [N] a' T I PP 16214 [N]
40000 | |

00 b e i . " IS - |

Min -4027 TN] - b b ) : " ‘

- ;
50 00 150 200 250 300 35.01s]

© MPT Engineering / Disclosure or duplication without consent is prohibited



Background level selection M MAGNA

Rainflow-Matrix

CHOT-M1_ak - [N] i InputA_rsp.RAI
<=1 cyc.
—— <=2 cyc.
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I <=31 cvc.
-5000.0 bins used = 47
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Background mixing track A MAGNA

- FEMFAT LAB
mixing track

Track mixing PG Track mixing PG
- e n e rate a u S a e teSt Potholes ? DFH AX Devpz oo Potholes 0 DPH AX Devsz oo
Rough road ? Drrax  Drraz = - Rough road 700 Drrax  Drraz = -
p roce d ure Fast8 ?  Dem  Derm oo Fast8 400 Dea  Dogaz oo
Groove ? Drg ax Degaz = oo Groove 300 Drg ax Degaz = oo

— Correlation by means of T Tawet Dn Dun o T Oes D
. Opti.  Dopipx  Dopiaz  -oon Opti.  Dopuax  Doptipz  --onr
damage comparison +

Example (user input): - Result
. Factor: 100 = — Good damage
— Constra| ntS targ et dam age Min. test-time :110h e correlation with
Max. test-time :130h Min 0572 target
1 1 Min./Max. repetitions per maneuver Ve a2 + Testing time as
Val u eS, targ et tl me | nte rval y Only relevant channels selected = = planned
M Y : ) Coverage EV % E! | . _ManEU\_I'GT count
min./max. repetitions e - |

IEEVZAY-Xz) software
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Preperation FEMFAT

* FEMFAT

— Reference calculation

— Define calculation groups
around high damage notes
* Name ,lab....." or ,ecs....”

» This averaged group damage is
mixed

— Save a sample job file

« FEMFAT LAB will generate the
batchfile
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[& FEMFAT 5.4 - femfat*

Datei Ansicht Berechnung  Optionen Verlagen

S

ChannelMAX

[ Fe-strukuraaten
bGruppsn
Kanale

B2 Werkstofidaten

*’ Knoteneigenschaften
&Emﬂussfaktureﬂ

5 Dus-information
?Berechnungsparamatsr

Scratch-Einstellungen

BASIC
ChannelMAX
TransMAX

HEAT Sehitoglu
SPECTRAL
SPOT Remeshing
STRAIN Calc

Results Manager

= H B [

~

v

L]

Gruppen

Hilfe

Aktuelles Arbeitsverzeichnis: G:Work/__LevSel/__20201028_Schulung

Gruppen bearbeiten

22 -ALL

23 -analyse
24 - LAB_00000!
25 - LAB_00000!
26 - LAB_00000!
27 - LAB_00000!
28 - LAB_00000!
29 - LAB_00000!
30 - LAB_00000!
31-LAB_00000!
32 - LAB_00000!
33 - LAB_00000!
34 - LAB_00000!
35 - LAB_00000!
36 - LAB_00000!
<

Gruppe erstellen

~
& >
024 n1 [ 1mport &2 Undate | | & Alle loschen
025_n1
026_n1 36 - LAB_00000036_n1
027_n1
028_n1 Knotenanzahl: 1
029_n1 Elementanzahl 0
030_n1
031_n1 3
- Liste Export Laschen
w201 H = >
033_n1
034_n1 5
035_n1 @ Umbenennen L Erganzen
036_n1 v

ibearbeiten

Knoten Knoten basierend auf.. Elemente

@ Alle
© Label
O Farbe

O Gruppe:

(O Verknupft mit Elementeniabel:

() Verkniinft mit Flementen in Grunne 36| his R

DETAILED
RESULTS

- [m) x

[FEMFAT|
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M MAGNA

FEMFAT calculation groups

Jolp

Preperat

le we reduced to 27 node groups

IS examp

* In th

=
=}
=}
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Level selection M MAGNA

 Reference time histories

— 3 Tracks
no. name samples time [sec]
1 Track O1.rsp 22528 22528
2  Track _02.rsp 1097728 2196
3  Track 03.rsp 193536 960

— Different sample rate
— 90 Channels
— In summary 1313792 samples and 25684 seconds
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| evel selection

M MAGNA

- Reference (target) damage

3.5000E-02
3.0000E-02
2.5000E-02
2.0000E-02
1.5000E-02
1.0000E-02
5.0000E-03

0.0000E+00

= SUMME

2.0000E-02
1.8000E-02

1.6000E-02
1.4000E-02
1.2000E-02
8.0000E-03
&
B

1.0000E-02
6.0000E-03
4.0000E-03
2.0000E-03

&

’

0.0000E+00

m___ Streckelfps ®__ Strecke2fps w__ Strecke3.

£
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ECS_40180961_n1
ECS_40180787_n1

ECS_40180753_n1
ECS_40177484_n1

ECS_40168355_n1

ECS_40156218_n1
ECS_40155078_n1

ECS_40141637_n1
ECS_40138693_n1

ECS_40128188_n1
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ECS_40112358_n1
ECS_40101625_n1
ECS_40085263_n1
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ECS_40040458_n1

ECS_40040106_n1
ECS_40023646_n1

ECS_40020876_n1
ECS_40007531_n1
ECS_40007421_n1

2
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5
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=]
g
£
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Level selection M MAGNA

[unit] CHO1 - Channel 1 Cut__LS0_txt.RSP

 Output level selection “ =

0.0 —

-500.0

(I nte rface tO F E M FAT P P e Cramete

12000.0
3000.0
4000.0

— ~ 4000 level files et

0.00000 0.00050 0.00100 0.00150 0.00200 0.00250 0.00300 0.00350 [s]

* For each channel one from - to e

I

|

-1000.0 ‘
-2000.0 }
I

T

0

level

0.00000 0.00050 0

[unii]
20800, e

— FEMFAT job file s

B t h f' | 0.00000 0.00050 0.00100 0.00150 0.00200 0.00250 0.00300 0.00350 [s]
— [Uni] CHOS - Channel 5 Cui_LS0_b.RSP
a C I e 12000 0 3 g

~43000.0 e

T T
00150 0.00200 0.00250 0.00300 0.00350 Is]
CHO4 - Channel 4 Cut__LSO_txt.RSP

-54000.0
0.00000 0.00050 0.00100 0.00150 0.00200 0.00250 0.00300 0.00350 [s]
L | . - . | .

-19500.0 i
-20000.0 i
-20500.0 ;
-21000.0 I
-21500.0 i
-220000+——— f i

T

0

-22500.0= T
0.00000 0.00050

O —
400
0.0
e
20,0 -"-E-_....
S,

-160.0 ™

0.00100 0.00150 0.00200 0.00250 0.00300 0.00:

0.00000 0.00050 0.00100 0.00150 0.00200 0.00250 0.00300 0.00350 [s]

[FEMFAT LAB|
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Mixing track M MAGNA

* Loop 1

Owverview result:

— Determine mathematical optimum
Std. dev.: 0.0137
® Result: Similarity value: 0.0141
Min 0.981
Reduction from 1313792 samples to 3178 (413 /1) = Lo
296 different level pairs eifie |28
Rel. damage between reference and result: B
* max: 1.040 Loso
« min: 0.981 P
- Mean 1.010 o
1.000
0.990
0.980
0.970
0.960 I | I | |
0.950
@@ @@@ o @ @&@“@ & &c@ @@QQ@Q@@*’@@“}Q@ & @@ P @(’@ @” P&
O S S S S A A S S &v o %o/ & & éﬁo/ & o p/
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Mixing track

* Loop 2
File selection

— Extrem value coverage
— Channel weighting
— Limit time (samples)

Change number of
file repetition

— Insert common divisor
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Mixing tracks - u]
Pre-selection | Ming tracks | User input  FEMFAT-Mixing }
No. of channels: | 27 comm. div.: |10 Target time Target time | 1000 ¥ Optimize Min-Max deviation I” Ratio dB
EC5.40007531n1  [ECS40020876.n1 [ECS.40023646.n1  |ECS.40040106n1 [ECSA0040458nl  [ECS40042832n1  [ECS 4004393501

16 | VW_Levelselection_LS1073.fps 2378807 3213707 1.8974e-07 1.9154e-08 6.5540e-09 2.6493-09 3.1425-07

17 | VW_Levelselection_L51088.fps 2.7992-05 1.3335¢-05 3.7018e-06 1.0283e-07 1.6191e-07 2.2850e-07 2.4028e-05

18 | VW_Levelselection_LS1092.fps 1.5249e-05 2.5798e-07 2.2195e-07 2.0019e-10 1.1943e-10 3.7867e-10 1.1432e-05

19 | VW_Levelselection_LS11.fps 2074305 2324508 9.9121e-07 3.2399¢-09 5.0871e-09 2.5942¢-09 1.6696e-05

20 | VW_Levelselection_LS1100.fps 1.6212e-11 7.5339e-08 4.8030e-10 9.4610e-09 3.2170e-11 3.3703-10 3413811

21 | VW_Levelselection_LS1110.fps 1.0513e-05 7.5667e-13 1.5320e-06 6.0514e-07 5.8524e-09 2.6767e-08 7.0672e-06

22 | VW_Levelselection_LS1111.fps 2.0880e-05 1.5600e-09 1.3769¢-06 5.3480e-10 2254309 4.8181e-08 1.6682¢-05

23 | VW_Levelselection_LS1115.fps 2.1380e-07 1.5208e-09 1.1365¢-06 5.2526e-10 1.6786e-10 1.3709¢-08 6.1766e-08

24 | VW_Levelselection_LS112fps 2.6206e-06 3.3320e-09 1.3131e-07 6.2974e-08 2.9041e-10 8.8974e-10 1.5245¢-06

25 | VW_Levelselection_LS113.fps 3.7677e-12 9.5082¢-09 2.6499e-07 3.6067e-11 2.3305-09 6.7461e-09 1.6729¢-11

26 | VW_Levelselection_LS1130.fps 1.0188e-07 8.3857e-10 1.7002¢-08 1.2541e-07 1.1219e-08 8.0542¢-09 3.9534e-08

27 | VW_Levelselection_LS1136.fps 3.6279e-06 1.3459e-06 8.2652¢-08 1.6862e-06 2.3011e-07 2.2341e-08 2.2811e-06 v
< >
Overview result: FEMFAT-Damage values

Result Value Load Target

Calc. timein h: 0

Load single fies

Std. dev.: 142

Similarity valuer | 1.1 Analysis

Min B Calculate damage

Max 53

Mean 0.857 Select channels

Combine fi
Used files 4 Lozd selected channels \ Save selected channels \ Akt omeine fles
7 ...Parameter input

used channels 27 e pi

Computation of collective

‘ Summary output in Excel

‘ Don't show not used files ...Default
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Mixing track

M MAGNA

* Result

— Reduction from 1313792
samples to 2598 (506 / 1)
— 25 different level pairs

— Rel. damage between
reference and result:
« max: 1.000
* min: 0.94
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[uni] . CHO1 - Channel 1, ! _Vi_Levelselection_1885Dateien_KOL52 RSP
Spelecton_[600atelen KOLSZ ACE
600.0—3 hax 746 [Uni) | I I ¥ i P-P 1488 [Uni]
400 | 0 N (|
0 T O O | |
2000 WU g TNy o e gy L
et T ) L I i
5000 Jiin 744 [Uni) i { } {
T
0.00 0.20 0.40 0.60 0.80 1.00[s]
[Unif] CHOZ - Channel 2 __WW_Levelselection_18860ateien_KOLS2 RSP
10000.03Max 12764 [Unit] [ PP 20042 Uni]
5000 '-“,l ‘
o Y MTMMWﬂWM A 3
-5000.0 ‘mmzws; i) ¥ ¥ 1 ¥ ! i m
0.00 0.20 0.40 060 0.80 1.00(s]
\
1000.03 I I
500.0- | ‘
0 1 i
500
aonpo b — A0 1 IIAYYY] i i
-1500.0- | |
T T
0.00 020 0.40 o080 0.80 1.00[s]
uni] CHO4 - Channel 4| __V¥i_Levelsclection_1888Dateien_KOLS2.REP
EEEEEE* Hax 33333 [Uni H il } ¥ N i } ¥ P-P 55713 [Uni]
100000 B — il i I 1 | Y
oo b WA | i
PO 1l A A Y W
-20000,03Min -22380 [Uni] | 'l | I WAV If
T T
0.00 020 0.40 o080 0.20 1.00[s]
i . OLSZRSP
L |
|

500,03,

1000.

500

i

-500.

0

[FEMFAT LAB]

00 020
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Mixing track

- Result damage abs. / rel.

3.5000E-02
3.0000E-02
2.5000E-02

2.0000E-02

"
< o o
(] N B p K ; a7 ;
S
& E '\Sﬁo “ @""3’ i <e§5g)

QO £\
& 8T T
P A

%
(-
@D

1.5000E-02
1.0000E-02
SIS AT
oot [ m N
ST TR RN E F R S

;

&

h““b
Q,dg Q/r‘?

&
&

o N i) ia)
@ugy @é‘_,/ 6@,@/ \’{:@/ .

Foet ¢ ¢
S S S

mTARGET = Result/Teiler 96

1.100
1.050
0.900
0.850
0.800
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oY oF JF P ¥
& & & & &S
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mmmm Rel. Schadigung == == Max == ==Min
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ECS_40180961_n1
ECS_40180787_n1
ECS_40180753_n1
ECS_40177484_n1
ECS_40168355_n1
ECS_40155218_n1
ECS_40155078_n1
ECS_40141637_n1
ECS_40138893 n1
ECS_40128188_n1
ECS_40121378_n1
ECS_40121044_n1
ECS_40118529_n1
ECS_40113208_n1
ECS_40112358_n1
ECS_40101625_n1
ECS_40085263_n1
ECS_40078895_n1
ECS_40063099_n1
ECS_40048935_n1
ECS_40042832_n1
ECS_40040458_n1
ECS_40040106_n1
ECS_40023646_n1
ECS_40020876_n1
ECS_40007531_n1
ECS_40007421_n1




Conclusion
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Conclusion M MAGNA

 FEMFAT compare calculation

— The combination of different levels returns an increase in the damage.
Amplitudes(the from of one level pair to one to of another level pair is
typically higher then the highest from - to level in single level pairs)

— A higher reduction of input level pairs results in a higher damage in the
selected nodes

— Typical time reduction factor between 500 and 1000 in stochastic time
histories
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~ DRIVING EXCELLENCE.
L INSPIRING INNOVATION.
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