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Mapping of Pressure Distributions & Displacements
using ANSA & pnETA

Reinhard Wersching, Audi AG Neckarsulm



Overview

» Mapping of pressure distributions by ANSA

» Transfer the pressure distributions of the bearing’s

Elasto-Hydro-Dynamic (EHD) calculation in the strength calculation
using Abaqus or Nastran

» Mapping of displacements using pnETA

» Automated transfer of displacements from an ADAMS calculation in NASTRAN format
to a stress recalculation
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Mapping of Pressure Distributions using ANSA

One of the results of an EHD calculation for a connecting rod bearing
is the olil film pressure distribution during a single rotation, at any time and any position.

For a FE analysis of the crankshatft, the load pressure distribution should be mapped from
the EHD-mesh to the FE model mesh with the help of ANSA.

Task:

» Step 1: Import in ANSA the Nastran finite element model
» Step 2 : Read the EHD pressures in Abaqus format
» Step 3: Map the results
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Mapping of Pressure Distributions using ANSA

» Initial modeling conditions

» V8 crankshatft:
Nastran model of 2" order HEXA elements

» Bearing:
Abagus model of 1" order QUAD elements
with pressure distribution
from a EHD calculation
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Mapping of Pressure Distributions using ANSA
Step 1: Import the FE model

» FE model in Nastran format

» Generation of a shell model
for the crank pin of cylinders 4 & 8

» A total of 661 CQUADS elements
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» Axial direction: 16 elements

» A total of 2560 elements

Mapping of Pressure Distributions using ANSA
Step 2 : Read the EHD FE-model with the pressures

Shell model of 1% order
quad elements in Abaqus format

» Tangential direction: 160 elements

Audi C )
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Mapping of Pressure Distributions using ANSA

Step 3: Results mapping

» Results Mapping in ANSA

» Deck: NASTRAN>AUXILIARIES>RES.MAP

This function maps data regarding nodal thickness, pressure, initial stress etc.

from an existing solver file to a different mesh

» Right Mouse select "NEW" button to define a new Map Result.

» Double Click / Open "Default Results Mapper"

RESULTS MAPPER

es apja.

Id % | Name

status

1 Default Results Mapper
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Mapping of Pressure Distributions using ANSA

Step 3: Results mapping

» Map Results window: Options tab

Source information

T

STEP Id

Result mapping information:
Pressure, COMMON AREA

v

T~

Position of center point

> connectivity:
current (target) mesh,
where mapping will be applie
= Shell Elements of SET 3
(crank-pin 8)

Orientation of Pressure Load —
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Map Results

Mame: |Default Results Mapper status: ol

Options |Va|idaticn | Align Mesh | User Script | Units |

Source

File Name

ABAQUS / |f12-D2-D?_RWersching_DruclwerteiIungenNETDI_l?BDrpm_PTOT_l[JQfl.inp 3| Preview

Source Pressure STEP Id

Format

[1
Mappings
Enable |Ty|:|e Interpolation Method | Extrapolate | Report | Scale | Target LOAD SET |A
| Material Orientation - - - -
[¥  Pressure COMMON AREA | [w
J Temperature - i
—Mapping Options
Search Distance
[Lavg j|
X ¥ z
[104.6 [0, -47.75

connectivity

[#s3

search

PassThrough ¢

J Re-orient target mesh to match source mesh orientation

[w Map all source PCOMPs into a single Laminate

RN,
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Mapping of Pressure Distributions using ANSA

» Map Results window: Validation tab

Map Results

MName: |Default Results Mapper status: overlap failed £

Options | Validation |Align Mesh | User Script | Units |

—Area

Vi

» Important: Minimal Overlap —
to aid the mapping of the optimal
Area / Region

» Reports: Feedback about
Transformation of Results

» ... before Mapping

» ... after Mapping
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Map Results

Name: |Defau|t Results Mapper status: ol .

Minimal Overlap: [50.0 =

—Results

J Fail if Results are not available

—Ermor Distribution

COMMONAREA /| Draw | ) Scalar ® Vector

—Reports

| Mothing to report

Options | Validation |A|ign Mesh | User Script | Units |

—Area

Minimal Overlap: [50.0 =

—Results

J Fail if Results are not available

—Error Distribution

COMMON AREA

jl Draw |® Scalar _' Vector

—Reports
Overlap = 100.00% = 50.00%, OK

Mapped Pressure Report:

Resultant Force and Moment Components [Fx Fy Fz Mx My Mz]
Source: Fx= 0Fy=-8.09+04 Fz =4.72e+04 Mx = -3.86e+06 My = -4.95e+06 Mz = -5.49e+06
Target: Fx=-0.144 Fy =-8.01e+04 Fz = 4.67e+04 Mx = -3.83e+06 My = -4 9e¢+06 Mz = -8.41e+06
Error:  Fx: 0.000% Fy : -0.937% Fz : 1.015% Mx : -0.937% My : -1.085% Mz : -1.001%

SO
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Mapping of Pressure Distributions using ANSA

Map Results window: Align Mesh tab

Align the source with the target mesh

Transformation Matrix:
Table for units® and position
transformation

Coordinates can be derived
interactively:
Select Manual Position —

Mame: |Default Results Mapper

Map Results

status: overlap failed .

Options | Validation | Align Mesh |U5er5cript | Units |

—Options

J Apply symmetry on source

[w Align source mesh with target
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Apply symmetry on the source pa

_ | auto align

_| Recalculate for every application

—Transformation Matrix
Tu Tiz Tz T
1. 0. 0. 0.
Ta Tz Tzs Tas
[0 1 [0 [0
Ta Taz Tas Tas
o o 1 o
Ta Taz Taz Tas
o o o 1
Reset Matrixl —> Manual Position |

Preview F'u::sitiu::n|

Audi
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Mapping of Pressure Distributions using ANSA

» Manual Position: Interactive tab

Target

Manual Position
| = [ Showsource [ Show target

Transformations | Interactive ‘

Coord
distance 1.
angle 30.

Translate Rotate

X axis | =] | =]
Y axis & =] & =]
Z axis =] &=

# | Action

Source oK Cancel
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Mapping of Pressure Distributions using ANSA

» Manual Position: Interactive tab
Source mesh aligned with the target mesh

Manual Position Ed
« > v Show source [ Show target
Transformations | Interactive |
Source
Coord | Distribution
distance | 47.75
angle | 30.
Translate Rotate

X axis | =] | =]
Y axis | =| | =|

0.

Z axis ﬂj ﬂj - 2651
|

— -53.01

# | Action | | 0.5
1 Initial Position 106,

2 Interactive Translate -

3 Interactive Translate -132.5
4 Interactive Rotate -159.

5% Interactive Rotate ¥ - -1855

- -2121

-238.6

Ok Cancel
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Mapping of Pressure Distributions using ANSA

Map Results

MName: |Default Results Mapper status: i_‘|
» Back from Manual Position Options | Validation | &lign Mesh |User5cript [ Units |
The transformation table is updated [ Options
J Apply symmetry on source
[v Align source mesh with target |Applysymmetr'_.r on the source part before any
J Auto align

J Recalculate for every application

—Transformation Matrix

Tn To Ta T
1. |0, |0, 0.
Ta Tz Tz Tas
0. o5 |0.866 0.
Ta Tz Ta T
0. |-0.866 los |o.
Ta Te Ta Tu
[105. o |-47.75 1.
Reset Matrix Manual Position

Preview Position

Comment

» Press OK to conclude

the RES.MAP Setup \)
oK Cancel
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Mapping of Pressure Distributions using ANSA

» Very Important: activate Results Mapping by RESUILTS MAPPER
Right Mouse Click on "Results Mapper" and €| cls al= E-u

n n T
select to Apply | Id | Mame status | ?| /] \l-JI
1 Default Results Mapper ok
Show
» Check the Status Hide
and the Reports >how only
Mew
x '
Edit
Mame: |Defau|t Results Mapper status: ok ks
Modify
Options | Validation | Align Mesh [ User 4eript [ Units |
Copy
—Area
Delete
Minimal Overlap: [50.0 =
Invert Selection
—Results
| Fail if Results are not available Clear Selection
—Error Distribution Save List
COMMON AREA jl Draw |® Scalar _} Vector
Reference
—Reports
Send to -
Overlap = 100.00% = 50.00%, QK
Mapped Pressure Report: [ Apply ]
Resultant Force and Moment Components [Fx Fy Fz Mx My Mz] Erase
Source: Fx= 0Fy=-8.09+04 Fz =4.72e+04 Mx = -3.86e+06 My = -4.95e+06 Mz = -5.49e+06
Target: Fx=-0.144 Fy =-8.01e+04 Fz = 4.67e+04 Mx = -3.83e+06 My = -4 9e¢+06 Mz = -8.41e+06 Beset Matrix
Error:  Fx: 0.000% Fy : -0.937% Fz : 1.015% Mx : -0.937% My : -1.085% Mz : -1.001%
)
|[RESULTS _MAPPER [total 1  [selected 0
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Mapping of Pressure Distributions using ANSA

» Result for bearing #8

Pressure is reversed

236.73
183.92
15111
78.302
25.491
-27.32
Source -20.13
-132.9
-185.8
-238.6

Target
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Mapping of Pressure Distributions using ANSA

» Result for bearing #8
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Mapping of Pressure Distributions using ANSA
Example: Stiffness calculation of a crankshaft

» Deflection is the result of the lateral force on the crankshaft pin from the EHD calculation

Stresses,Signed Max Principal.,Max of Top Bottom,Corner : Zapfen 8: EHD-Druck 92KN, Scale 50

—

4 \ N {.’ "2 i
)2
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Mapping of Pressure Distributions using ANSA
Summary

» The RES.MAP tool of ANSA is relatively easy to use

» After making the calculations for bearing #8, it was possible
to use the same result by easily repositioning for bearing #4

» Different FE models are not a problem:
neither the solver (Nastran or Abaqus, etc)
nor the element length or the position in space

» The tool can be used for mapping EHD-results on plain bearings,
e.g. in the crankshaft pin bearing area calculation or
in examining the crankshatft strength in detail
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Mapping of Displacements using pnETA
Overview

» Mapping of displacements using pnETA
» Automated transfer of displacements from an ADAMS calculation in NASTRAN format
to a stress recalculation
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Mapping of Displacements using pnETA

Task:

» The process of examining the strength of a crankshaft is based on an ADAMS calculation

» The results of the engine run are, among others, the modal coordinates of all modes in the
time domain of the calculation

» These Modal coordinates form the input for the calculation of safety:
the most important calculation

» Perform a stress [reverse-]calculation based on the displacements
of two crankshaft revolutions (i.e. 4 cycles of a 4 stroke engine)
at a specific rotation speed

This presentation describes the process used in Audi

7 > S \
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Mapping of Displacements using pnETA
V8 TDI Crankshaft

B
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Mapping of Displacements using pnETA
V8 TDI Crankshaft

W24_Genlll_7? Time= 0.5813 Frame=19395
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Mapping of Displacements using pnETA
Old Workflow: Stress reverse-calculation of a linear model

L FEM -NASTRAN }

CMS-Reduction fl\/lodalCoords.dat\
generated by EHD
JL — / MATLAB script:\
- ~ EHD Gu(t) e transformation of
Component modes modal coordinates to
. f * q,(t) /,/\1 /H\ \ nodal displacements
i i s by mode shape vector
ha j‘> M - : :> and summation
dynamics : i a - N\
an(t) - )= Z:“Xi G () NASTRAN

K “ j i static

Uy (t) = i uy, - g, (t) > analyses

n
A . A ~Yuz -q
ADAMS/Flex UNIX script Uz (t) ;UZ. 0 (t)
toolkit separation of nodal :> -
writing of mode displacements to components Ivt\)lgginnggssi:ﬁ)étﬁre G(t)
h * ux;, uy;, uz; for each mode i _
SRR g \by displacements ./ \_ J

RN
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Mapping of Displacements using pnETA
New Workflow: Stress reverse-calculation of a 2" order model

FEM -NASTRAN
Reduction

|

|

/ Component modes \

)| ADAMS |

ADAMS/Flex

toolkit
writing of mode

shapes to *.rpt

)

EHD

t v

d,(t)

da(t)

dynamics

-

/I\/IodaICoords.dat\
generated by EHD

Gn(t) -

UNIX script

separation of nodal
displacements to components

ux;, uy;, uz; for each mode i

R. Wersching, Audi AG, Mapping von Druckverteilungen und Verschiebungen mittels ANSA
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nETA script
Displ. Mapping from
1st to 2"d order model

/MATLAB SCI’iDt:\

transformation of
modal coordinates to
nodal displacements
by mode shape vector

and summation

UX (1) = Y %, 6,(0)

UY® =Y 0, a 0

UZ() =Y uz, -4, (0)

writing script for

loading structure
\by displacements

Vorsprung durch Technik N _J( S
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Unix Script
SPCD-Load-Files
for NASTRAN

iy

M)

NASTRAN
static
analyses

o(t)

- /
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Mapping of Displacements using pnETA
New Workflow: Stress reverse-calculation of a 2" order model

» Generating a linear and a non-linear (2" order) surface model in ANSA

\4

Generating a ". * rpt" Ascii file containing the mode shapes,
using the ADAMS / Flex Toolkit — program

Execution of the Unix script "transform_macro.sh"
Execution of the Matlab script "recovery_solid.m"
Execution of the script uETA "Map.ses"

Execution of the Unix scripts "meta_spcd.sh"

v v v v v

Running the Static analysis with Nastran

R,
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Mapping of Displacements using pnETA
Creating the RPT-Files with the Mode Shapes

1ADAMS Flex Toolkit

ry_cranikshaft. mnf i

Generate a report for the selected compaonents i

A
11711

O Invariants 1
O Invariants 2
O Invariantz 3
O Invariants 4
O Invariantz 5
O Invariants 7
O Invariants 8
O Invariantz 9

r
r
r
-
r
r
I
I

The "*. Rpt" Ascii file contains the mode shapes of the crankshaft, but only the positions of
the surface nodes and only the corner nodes, when 2" order elements have been used.

R. Wersching, Spannungsriickrechnung auf Basis der ADAMS MKS-Simulation — Audi m
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Mapping of Displacements using pnETA
Unix script "transform_macro.sh"

»  Unix script to generate modal components for the Matlab script "Recovery_solid.m".

> Input

> From ADAMS / Flex Toolkit

»  Output

» A *.txt file for each mode and each component: X, y, & z

R. Wersching, Audi AG, Mapping von Druckverteilungen und Verschiebungen mittels ANSA Audi C
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Mapping of Displacements using pnETA
MatLab script "recovery_solid.m"

»  Macro for the transformation of modal coordinates to nodal displacements and
generation of the Nastran deck

> Input
»  Engine revs-per-min (rpm) and definition of the angle step
»  File with modal coordinates (directly from ADAMS)
»  Files of mode shapes for the three components X, y and z (from unix scripts)
»  Output file type (NASTRAN, ABAQUS, PATRAN)
»  Output - PATRAN

»  Adirectory with the surface node displacements in PATRAN format for every
loadcase of the engine cycle( 2 revs equals to 720° crank angles): for a time step of
3° of crank rotation 240 text files are output

» These displacements can directly be read and animated in uETA for the linear model

7 > S \
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Mapping of Displacements using pnETA
Animation of Displacements

0:W24_Surface_Stress_linear.bdf : Scale Factor 50: Stress Recovery: 2000 rpm ::
2500100000 :: 2600100001

R. Wersching, Audi AG, Mapping von Druckverteilungen und Verschiebungen mittels ANSA Audi
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Mapping of Displacements using pnETA
META script "Map.ses"

>

30

The stress calculation is necessary for the 2" order FE model because the safety
calculation of this model will follow and is based on the same 2" order elements

The META Map.ses script was developed which includes the following steps:
» Reading the 1% order (linear) surface model (Model 0)
» Reading the 2" order surface model (Model 1)
» A group “Group_Surface” is defined for both models with the same name
» Loop over all load cases

» Reading the displacements for model O

» Mapping the displacements to model 1
groups modelmapresults nocheckprojnodal 1 0 current Group_Surface Group_Surface 10

» Save the displacements for each timestep for both models in a CSV format file: for
a 3° angle step, 240 files are the output.
File Contents: Model, Node ID, x-dis, y-dis, z-dis

» Ready!
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Mapping of Displacements using pnETA
Unix script "meta_spcd.sh"

» The Unix script reads each displacement file written by the META session Map.ses in CSV
format file and outputs them in NASTRAN SPCD format for each time step in a single file

> Stresses are calculated for the 2" order model for one crankshaft cycle and for the
selected engine rpm

» This calculation is based on the forced displacement of the surface nodes

» The size of the .op2 file output by NASTRAN for a V8 crankshaft with 240 loadcases
Is approximately 150 GB
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Mapping of Displacements using pnETA
Animation of stresses

0:Spannung.op2 : Stresses Signed Max Principal.Corner : Scale Factor 50 : :
SUBCASE 2 :KURBELWELLE W24 AL750 2000 1/MIN / LASTFAELLE 1 BIS
144: CRANKANGLE 5.0: SUBCASE 2

[MPal

>270

210
150

20

30

-30

-90

-150

-210

<-270

A?x
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Mapping of Displacements using pnETA
Summary

» We were able to generate a workflow that makes it possible to calculate the stresses at
any point in the crankshaft at any time, based on the ADAMS results

» Using the Results Mapping capabilities of META, the stresses of 2" order models can now
be calculated and thus improve the accuracy of the results

» Many hanks for the support from Thessaloniki and, here specifically,
to Emmanouil Kastrinakis
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