NOIRDIC

2010 &5 varems
CONFERENCE

A holistic approach to post-
processing of FEA results — Current
trends

Dipl-lng. Vasileios Pavlidis
Customers Service, BETA CAE Systems S.A., GREECE

Dr-lng. Dimitrios Siskos
Software Research & Development, BETA CAE Systems S.A., GREECE




In brief

» |dentification of post-processing challenges

= Post-processing challenges are analysed to related
needs that should be met. These needs dictate the
current post-processing trends

= Examples of addressing these needs with yETA
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The evolution of post-processing
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The post-processing challenges

Repeatedl Communication
post-procedures of results
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Large models & Data sets

The
Challenge

The

Needs

The
Means

The
Benefits

High graphics
performance

New rendering
algorithms optimized
to match platform’s
graphical resources

Easy & fast
interactive handling
of large models

Large models & data sets

Reduced memory
usage

Improved memory
management

Post-processing of
larger models with
limited resources

High reading
performance

Improved reading
algorithms,
optimised for
different formats

Reduced idle time
due to reading large
files (>80 GB) and
data sets

Reduced amount of
stored data

A native binary
format for storing
selected data from
the solver output

1.Reduced storage
needs

2.Significant
reduction of
loading time
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Graphics performance

Platform configuration Model size
gia 3Inée(l}(l;) Core(TM)2 Duo CPU T9400 @ 2.53GHz Nodes: 5293 254
L Shells: 4,705,975

Graphics Renderer: NVIDIA, Quadro FX 3700M

osS: Linux FedoraCore 11 64bit Solids: 599,138

B Pentas : 23376

: Hexas : 370254

Reading "STATE 26 ,TIME 7.49999434E-02"

Reading "STATE 26 ,TIME 7.49999434E-02"
rames per Second: 28.20

ma L

Frames per Second: 28.2051

[l=

\view fps

Up to 8X performance improvement using the new rendering algorithms
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Best possible exploitation of results

The
Challenge

2 § Dig |ntdo :e_slults in
etai
=2
Advanced filtering
capabilities
(eg: identification of
(7]
Qg hot-spots)
D)
s

1.Time saving

2.Better insight of
results

3.No important
information is
missed

The
Benefits
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3D & 2D post-
processing

1.3D & 2D modules
embedded within the
same software

2.Interoperability
between modules

1.Faster & easier post-
processing

2.Information is
passed from one
module to the other
in real time

The best possible exploitation of results

Calculation of new
results by the post-
processor

Calculation tools for:
1.Section forces
2.Linear combination
of solver’s results
3.Calculation of
discretisation errors
4.Tools for calculation
of NVH results
....Other tools .....

1.Time saving

2.More “what-if”
studies conducted
faster & easier
without re-running
the solver

3. Verification of results



Advanced filtering
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Section Forces calculator
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FRF assembly
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Comparison studies

(<)
(@)
05 . .
E= Comparison studies
&
D Reduced memory Evaluation of Reduced repeated Integrate test data
= 0 requirements design changes actions for all
pa models
Smart loading of 1.Calculation & Smart tools for 1. Image/Video
results only for the graphical display transferring matched to
area of interest of differences attributes between model’s view
n 2.Spreadsheet models 2. Video
25 based comparison synchronised
=2 of results with model’s
3.Synchronised animation
models’ animation 3. Video tracking
4. 3D & 2D display
of test results
" More models can be Well justified 1.Time saving 1.Check validity of
o= compared with the conclusions on 2.Easy & smooth FE model & testing
= e same memory design changes processing 2.Exploit test results
&= resources that are not

available from FE
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Reduced memory requirements

How many models can be compared with 4GB of RAM ?

Whole model: _
5M elements 2 models
10 states

Parts of interest:
2M elements = 4 models
10 states
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Evaluation of design changes

Results comparison between models with non-compatible mesh

=
Stress field on Model 1 - No Holes

Difference between Stress fields of Models 1 & 2

>77.7

142 Model 0 in Wireframe - Reference Model
<1.5

p
i

o
>98.4745 T

84.4067

70.3389

56.2711

42.2034

28.1356

14.0678

<0

Model 1 - Separation Plot




Evaluation of design changes

Multi Model,State Statistics
Id State 1 State 2 State 3 State 4 Max Max at Min Min at =
Model 0 Model 1 % Model 0 Model 1 % Model 0 Model 1 % Model 0 Model 1 % =
31 475 484 1.81 445 489 9.79 475 496 4.31 475 496 4.31 495.916 Model 1,State 3 445.056 Model 0 | 34
44 477 601 26.1 501 592 18.1 502 492 -1.97 502 492 -1.97 601.148 Model 1,State 1 476.743 Model 0
45 424 456 7.5 376 436 16 437 382 -12.5 437 382 -12.5  455.595 Model 1,State 1 375.803 Model 0
48 793 651 -17.9 945 669 -29.2 749 603 -19.4 749 603 -19.4 945,093 Model 0,State 2 603.182 Model 1
51 330 296 -10.4 316 282 -10.8 320 285 -10.9 320 285 -10.9  330.273 Model 0,S5tate 1 281.888 Model 1
52 249 272 9.48 255 262 3.04 250 277 11.1 250 277 11.1 277.466 Model 1,State 4 248.54 Model 0
59 947 950 0.304 910 858 -5.74 914 759 -16.9 914 759 -16.9  949.689 Model 1,5tate 1 759.071 Model 1
60 947 902 -4.77 832 834 0.213 714 919 28.7 714 919 28.7 946.93 Model 0,State 1 713.583 Model 0
65 336 333 -0.927 314 291 -7.08 301 290 -3.44 301 290 -3.44  335.68 Model 0,5tate 1 290.444 Model 1
66 360 301 -16.5 292 298 2.27 281 310 10.2 281 310 10.2 359.991 Model 0,State 1 281.45 Model 0
71 405 435 7.45 410 499 21.7 423 544 28.7 423 544 28.7 543.808 Model 1,5tate 4 405.037 Model 0
72 478 570 19.3 456 596 30.7 458 587 28.2 458 587 28.2 595.673 Model 1,State 2 455.742 Model 0
73 454 466 2.62 510 480 -5.91 599 503 -15.9 599 503 -15.9 598.667 Model 0,State 3 453.837 Model 0
76 419 491 17.3 423 508 20.1 418 512 22.7 418 512 22.7 512.417 Model 1,State 3417.648 Model 0
77 405 563 39 370 470 26.9 449 533 18.8 449 533 18.8 562.557 Model 1,5tate 1 370.02 Model 0
122 683 886 29.8 632 753 19.1 786 808 2.82 786 808 2.82 885.919 Model 1,State 1 631.891 Model 0
123 421 640 52.2 750 724 -3.42 547 803 46.8 547 803 46.8 803.142 Model 1,5tate 4 420.761 Model 0
149 769 744 -3.24 692 735 6.28 646 539 -16.7 646 539 -16.7 768.669 Model 0,State 1 538.82 Model 1
150 358 367 2.57 390 372 -4.67 391 406 3.83 391 406 3.83 406.077 Model 1,State 3357.971 Model 0
183 336 343 2.01 340 359 5.62 352 370 4.95 352 370 4.95 369.534 Model 1,State 4 336.404 Model 0
1000 0 499 0 0 508 0 0 501 0 0 501 0 508.29 Model 1,5tate 20 Model 0
Min 0 272.112  -17.92650 262.248 -29.18330 277.466  -19.422 0 277.466  -19.422
Minatld 1000 52 48 1000 52 48 1000 52 48 1000 52 48
Max 946.93 949.689 52.198 945.093 857.897 30.7039 913.572918.502 46.7661913.572918.502 46.7661
Max atld 60 59 123 48 59 72 59 60 123 59 60 123
sum 1.01E+04 1.12E+04 164 1.02E4+04 1.1E4+04 113 1E+04 1.09E4+04 113 1E+04 1.09E+04 113
T I = i
Al | Invert| Visible| Pick| Filtering: | 7 %
Models: all _fl Show: Visible All Entities _fl Stat: Max Function 7| States: Selected 7| Cycles: All o




Valldatlon & mtegratlon of test data
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Communication of results

The
Challenge

The
Needs

The
Means

The
Benefits

Real time
information in clear
form

1.Real time
annotations

2.Results in
spreadsheets

3.Various options
for results
identification

1.Better insight of
results

2.No missing
information

Communication of results

Reporting

1.Embedded report
composer
2.Standard report

1.Time saving
2.Easy & fast filling
in of reports

Exchange
information with
the pre-processor

1.Input assembly
information

2.0Output of critical
areas for pre-
processing
modifications

1.Time saving
2.Error-free transfer
of information

Collaboration with
other users

1.Free viewer for
project files

2.Client-server
scheme for the
post-processor

3.Output in 3D-XML,
VRML

Fast, accurate &
effective knowledge
transfer
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Reporting

Report Compaoser
Report Slide Insert
£ HTML 2 | e
cos ofso|wl| Bl2s 8] /| HE]e wDEY standard Model R
with user selectable contents
i-Image 1 int Forces
i Textbox 1 * -
#Line 1 .
! Toxtox Model:0 /usr/peopleftitanas//OP2/GPFORCE/car1.0p2
Meta Viewer 1
'T“;jgif“ SUBCASE 1 ::LOAD1: SUBCASE 1 (CYCLE 0)
Deformation: Displacements, Translational
& Scalar: Stresses,Von Mises,Max of Top Bottom,Corner
P fr sises asos
5 a8 coona e
£ b T —
w0 [ sasry e >17.3600
15.1909
Results and related information have been 13.0209
saved in a project file. The project file is loaded 10.8508
in HETA Viewer, which is embedded in this 8.68075
PowerPolnt presentation. The animation and 2 g}tggs
contour plots are presented live through uETA 21706
Viewer, when in slide view. <0.000554926
[Bord m Spreadsheet - 4 ancel
Filg —— Font o Sty
EI @ [AR PLShankeis =] [0 3 EI Ig gl E !I 7 Grid _ GellBorder
- =T — ¥ Headings NoLine = g
1= 5 I (et 5 P |
S| -max(B2:810) -
A [e [c [o [ [F G ] €
L Max :: C1 AtzC2 Min: C3 Al C4 Mid Name =C18
R EES 2041600 162167 5865 162636 Matt
ENEY 1260.317 91509 3039 91459 Matt
4 |59 964.500 92888 9,649 93547 Matt Model Info
8 122 908.560 146073 2039 146140 Matt po
ERES 755.929 27891 81.161 27949 Matt Parts
7 _|e0 728.838 94677 20.582 94658 Matt
8 [ 140 624.200 191391 2077 191390 Matt PSalid PShell Back to Model
ENE 602.360 92256 54.767 92228 Matt
[10 | 151 602.211 195565 10.835 198745 Matt PSolid
[11 ] <
;!‘ - | LIJ MinDispY  MaxDisp¥  MinDispZ MaxDispZ MinDispT MaxDispT MinFunction MaxFunctic
\ Sheet! f &7 f
0439301 00165405 0.0374756 188143 0.170418 199328 0030124 17.3818
ﬂl 0.431876 -0,00808424 -0.225768 0.42700Z2 0.114133 0483323 0.00548075 40.4092
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Communication with the pre-processor
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Repeated post-procedures

The
Challenge

The
Needs

The
Means

The
Benefits

Repeated post-procedures

Automation of
repeated interactive
actions

1.Shortcuts & macros

2.User toolbars &
Toolbar Designer

3.Actions
synchronised with
states

Fast & effortless
interactive post-
processing

Automation of
standard complicated
procedures

1.Sessions & session
editor

2.Scripts & script
editor

3.User toolbars &
Toolbar Designer

1.Time saving
2.Avoid tedious
interactive
procedures
3.Error-free outcome
4.Allows easy &
extensive
verification of the
post-processor

Integration within
optimisation cycles

1.Optimisation set-up

2.Standard ASCII
format for exporting
design responses

1.Fast & effortless
coupling with
optimisers

2.Integration within
the optimisation
cycle is independent
from the optimiser
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Automation of standard procedures

Hit Points File
runl.dsy : Pedestrian positioning : STATE 1 |

sTIME 0.00000000E+00 Directory Containing Hit Points Results Files

Directory for Images/Videos/Report

File Format

- PAMCRASH ~ LSDYNA ‘
Unit System |

Node Id on Head

~2D Post Process of Hit Points Results
Contact Id between Head & Bonnet

HIC Safe Limit HIC Critical Limit
] 4

Calculate HIC / Plot Contact Forces & Displacements |
3D Post Process of Hit Points Results ]

- Bonnet
Model Id Group Name
i i
~Vehicle X ¢
~ POSITIVE « NEGATIVE ‘

Create Videos & Calculate Deformations |
Custom Post Pracess of Hit Points Results
Session for each Hit Point

Custom Post Process |
Help |

OptimizerSetup
~Response Variabless ———————————
Responses
O
Add |

Print Response Values
Update Response Values
Current | Al

Renr

Current | Al
Rename Response
[ 4
~History Variables———————
Histories

Add /|

Print History Values
Update History Values

Current | Al
Remove
Current | Al

Rename History
[ 4

Export Session |




Conclusions

= General rule: “Get the most out of the available results in
the fastest and easiest way”

* The post-processing requirements are diverse

= Performance will always be a challenge following the
continuous increase of models size

= Everything that can be automated should be automated.
Analysts should spend their time only to real engineering
thinking

= Reporting capabilities of post-processors become more
and more important
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