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Analysis versus Testing

- “Everybody believes the test results except
the test engineer.
Nobody believes the analysis results except
the analyst.”

“‘We need to get analysis and testing on the
same page”

Mike Racicot, Total Vehicle Analysis Engineer,
GM
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theS artSi m ’ Defining the Future of Virtual and Physical Prototyping
SM

]
<o’ PArtNErship Goals

= Integrate Physical and Virtual Testing to
Create the Analytical Design and Validation
Process

¢ Agree on and support standard interfaces

¢ EDM - Seamless Integration of Component or
Subsystem Physical Test Results into the
Functional Digital Vehicle

- ¢ VTL - Consistent Setup, Test and Analysis
between Simulated and Physical Testing

¢ Expertise in Integrating Solutions for Analytical
Design and Validation Processes

= Bring a New Level of Productivity to Design
A and Development Processes
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Integrated Durability Process =~

reSClrack Full Vehicle Component
est 1rac Test Lab Test Lab

; |

m Seamless transition
¢ from test track to test labs
¢ from virtual to real



sSoftware Gomponents of a
Durahility Solution

EASIC COM’PO.

ADAMS/FullSim ADAMS/Car

AL RIS ADAMS/Driveline

Finite Element
Programm
ADAMS/Engine

FE-Fatigue
GENERIC AL 7O0MO77VE

ADAMS/Flex ADAMS/Tire FTire

ADAMS/EDM Virtual Test Lab
AU 70MO77VE




lechanical
amics

ADAMS/Durability

Reference data from DAC or
RPC lll files and interpolate
during simulations

Save REQUEST data to
DAC or RPC lll files

Export ADAMS results to
DAC or RPC llI files

View header information
and/or data in DAC or RPC
[l files

Plot DAC or RPC lll time
history data and compare
with ADAMS results




View model and
stress/strains in
Pre/Post Processor

FE stress/strains

nCode [

FE-Fatigue

[Load and Material

information

Mechanical
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Post process fatigue
results




ADAMS/Tire FTire

= Tire model for NVH and durability
applications
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Empirical Dynamic Model (EDM) -
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“m Physical Testing Generates Data for Model
Creation

) ¢ Black Box, Characteristic, and Concept Model
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.~s m Support of EDM
¢ ADAMS/View
¢ ADAMS/Car
¢ ADAMS/Pre
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Model Build

Measured Force and Displacement

echanical Predicted Results
Jynamics



—zizo_spline_accel . dal_ride_damper_data force_front velocity _front
= =new_golden_edm_accel : dal_ride_damper_data force_frontvelocity _front

-500.0
Yelocity (mmizec)
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Virtual Test Lab

Dynamic Models of MTS Systems

¢ Mechanical, Hydraulic, and Control Systems
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Interface to Functional Digital Vehicle

Common Pre and Post-processing Utilities
Common Drive Files for Physical and Virtual Tests
Predictive Analysis for Validation Path

Knowledge of Test Lab engineers can be introduced
much earlier in the design process




VTL Application Table

Input

Test Rig Model

Applications

Spindle Loads

No VTL Model

Fatigue Prediction

Actuator
Displacements

VTL — Elasticity
and Kinematics

Validation with Traditional
Instrumentation or SWIFT

of Test Rig

RPC Response File VTL/RPC - Full RPC lteration and
Model of Drive File Creation
Controller and
Hydraulics
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How Do You Manage Your
Durability Process

echanical
Dynamics



The Modal Stress Recovery (M3SR) | :

.+« m Streamlines stress and fatigue evaluation

Last Run Time= 00003 Frame=2 -
Flesible Bodu: biele crankshatt
' MULLD

Stress unitz: newkondm*2

| |“'

Max Shress Node: 7771 at time: 4.9E-002

) Min Stress Node: 20000 at time: 5.0E-002 0.0 0.03 0.04 0.05
" (3eC] 2001-03-14 09:56:54
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m Parameter studies where objectives include
component stresses require switching
between FEA and Mechanical System
Simulation

¢ no integrated process

¢ parameter studies and optimization on a system
level is too cumbersome

Generate Obtain
Mode Shapes Stress Histories
with FEA with FEA

Obtain
Load Histories

with MSS
Dynamics




Computation
-, W
| The MSR T00|k|t a”OWS Generate
i Mode & Stress
A ¢ Stress computation Shapes
within the ADAMS wih oA
environment l
¢ Parameter studies and
optimization on a
- system level
= No constant switching Lonam et
between FEA and MSS | Historles

= FEA is touched only

é' once

Dynamics
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Step One:

¢ Mesh components ¢

Step Two:

¢ Run FEA to generate mode and (
stress shapes 3
-> data is written to the MNF-file

Step Three:

¢ Run ADAMS to obtain the component
load histories (in terms of Modal

P

Coordinates)
Step Four:

¢ Run ADAMS/PPT to
e compute and plot nodal stresses |

e display and animate components’
stress contours




~vs m Carbody is subjected to more
than 50 load channels
(suspension connection points)

= Traditional approach requires
50 unit load cases to be
analyzed with FEA

Assign load channels
to unit load cases
units ?
polarity?

:I m [ssues: Not automated, error prone

Dynamics



= The MSR and Fatigue

Toolkit

¢ Minimizes data transfer

between FEA, ADAMS,
and FE-Fatigue

¢ Generates consistent
set of information

Computation [
Mode & Stress
Shapes
with FEA
Generate  QObtain Display
stress Load DETETe ]
shapes  Histories Contours
in nCode
format
ADAMS environment

m Possible user error is

minimized

P8 &

m Durability process is

automated

Dynamics

Calculate damage
distribution with
FE-Fatigue from nCode
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Step One: < /
(

¢ Mesh components

Step Two:

¢ Run FEA to generate mode and stress shapes
-> data is written to the MNF-file

Step Three:

¢ Extract the stress shapes from the MNF-file to
nCode’s FES-file
Step Four:

¢ Run ADAMS to obtain the component load
histories (in terms of Modal Coordinates) and
write the modal coordinates into DAC file
Step Five:

¢ Run FE-Fatigue to calculate fatigue damage on
all nodes

Step Six:

¢ Run ADAMS/PPT to display components’
damage contours




Example Process:
Modal Stress Recovery <=

= Computes and plots Stress Components and
VonMises Invariant

= Displays color contours, most critical node and
time step of occurrance

k] i i EE
BB R Time 00005 Frame=2 : _
hle Flexible Bady: biele crankshaft
' NULLAD
) crankzhaft Last Bun

¥ full MNF graphics

f
i f

1 Flexible Body Modify

Graphics




Modal Stress Recovery Example 1/5~

.~s m Start ADAMS and load MSR-Fatigue Plug-In

1 Command Window

| SELECT OBJECT
undec begin
default coordinacs systam default coordinats systens, model 1

undeo end

AR R R R R R R A RN RN NN RN ERRERRRNRRERRNRY
= interface cmd window display=toggle -
& '

pugn load phegn_name = msr

Mechanical
Dynamics

|



=== Modal Stress Recovery Example 2/5—
m Run ADAMS anaIyS|s

Ecink




4 ADAMS Aiew 11.0.0 ol =]
Fie Edt Ywew Buld Srdste Feview Seltng: Tool: Help Stess Hecoveny - Fabgus
Tima= 00500 Frame=51 ?

1 Flexible Body Modify

Flesbie Body |L.7
Damping Rlatio I““-— W defaut

Diabur Mode 1 Flexible Body Animate Stiess Color Map EX

Pasitioh 1Cs
Mode Mumbet
Frecquency
Cucles
" Enable © Disabls

Fleible Bodi  busde

Gitaphics Siress Aesulls: | vor Mis
= ful MNF grapkics

I ouline

‘"1 AEITTTTRE + 007
| 9 (54T 2E08A5E + 07

May Siress Mode: THE 2l bme: 9 4E-00
Win S tnazs Moda: 20000 at bme: 01

Clese I
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Modal Stress Recovery Example 4/5—

= Compute and store stress/strain components
at selected nodes

Hode o add o eedec] ind

e lind bloedes it |

& et I =gmax [ sgmay ™ sigmaz
prriiar R TE ™ e I laum
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Modal Stress Recovery Example 5/5-

.~+ m Plot nodal stresses

Last_ Bun Time= 0.0003 Frame=2

node_7F

miode_77 _sig_edgw

“J‘
g : Stress Node: 771 at time: 4.9E-002
= Jode: 20000 at hre: 5.0E -002 0.0 0.0z 3 0.04

n Time ] 2001 -03
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Example Process:
Durability Analysis with FE-Fatigu

.~s ™= Computes and displays nCode FLP results within
| ADAMS/PPT

1 Flexible Body Modify

Liamping Fatia 1 Flexible Body Set User Color Countour

Diatum Node ! Simulate Hewiew Seftings T

It file:

W full MNF arap

[ outline

3.0454E -00E

ode: 115




FE-Fatigue Example /10~

.~s m Start ADAMS and load MSR-Fatigue Plug-In

1 Command Window

| SELECT OBJECT

undoc begin

default coordinacs systam default coordinats systens, model 1
undeo end
NN R NN N R RN RN RN R RN RN ERREENEE

interface cmd window display=toggle

pugn load phegn_name = msr

Mechanical
Dynamics
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=== FE-Fatigue Example 2/10

Run ADAMS anaIyS|s

C0ires




.~« m Export stress shape function to partial FES file

I Streszs IF:l':l'l'-.-'F:r_lrl - F-EltiElI_JE!

Strezz-Strain to FES file
----- Mode Shapes

Modal Coordinates
Time Domain Dizplacements

Maodal Loads

\

Flexible Body

Dutput File ghaft-gkin. asc

Modal Strezs

A pply | Cancel




fE-Fatigue Example 4/10

.~+ m Exportload histories (in terms of Modal

I Stresz Recoveny - Fatigue

4 T oo e

Cormpute Modal Streszes tode Shapes

Modal Coordinates
Time Domain Di:5:|:l|-E||::Er|'|Er'|t:E:. _,,-/'/

Modal Loads

\'\

1 Export Modal Coordinates to File
Flexible Body
Analysiz Mame

Output File

Orthonormalized

Mechanical
Dynamics
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.~« = Start nCode software, set working directory,
and select FE-Fatigue task

nSoft Menu

b aripuilation I Statistical Analy=ziz I Clagzifization I

Litilities I Drata Import/E xport I Drata Creation I Dizplay I Reporting Tools

Frequency and Filtering Tools I Fatigue Litilities I Fatigue Analyzers | FE'F-ﬂtiEI'JE[.._EI

CACAP
fatfe fatres fatduty mdm

.‘Ilf

\'\

Mechanical
Dynamics
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FE-Fatigue Example 6/10

S

—
it

.~+ m Specify analysis type

&7 FATFE - Partial to Full FES Completion = =] 3
Jiokr Mame= SHAFT-SEIN
L1 _'t'

Dezcaption | b <tiirg 1
Analysis Type S-M Anslusiz
Shazs Units

-5

54

i d Options

Dynamics



FE-Fatigue Example 7/10

.~+ m Use output from previous ADAMS run as
loading input

Mumber 1 SHAFT-

1) ”Ilr|||:u-'r
& Mumber &
& Mumbe
& Mumbe

1
1
1
1
1
1
1
1
1

B N S T N T R |
_

mber 10 SHAFTS)
HFIIIZ""[11 nH FT

Mechanical
Dynamics



FE-Fatigue Example 8/10

m Select material from database

4F FATFE - Paitial to Full FES Complation - Matarial lapu

- N

vetod  [EETER -] G

b ab=iial name Skiength teduchion [KF]
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Surface Finizh

Suifaces Trestment

ursg 1 0200 Scale facho



FE-Fatigue Example 9/10

m Run Fatigue Anal_ysis

47 Superposzition 36 % complete. M=

& Global Results - Ten Most Damaged Nodes EI

m
3 |:|-
|] 037
0.048
Z0M1EB 014
2197ER 0,020
4.746ER 0.029
h.7BdER 0.0693
B311ER 0.246
B3TTER 0.24 9.63E-3
1.027E7 0198 0.0787
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)
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1 Flexible Body Modify

Flesiale Bady shall

Dempng Aatio Lk W defaul

Diatum Node

Muade Muiribest
Fregquency
Ly

" Enable & Disable

Graphics
= full MMF graphice

I outine

1 Flesible Body Set User Cobor Counour

Input He

007

444444 007

1,01 646EEEETE 006
1. 36552 BEEEESE 006
1S9 111E 006

Wt Nodec 115

4 ADAMS Miew 11.0.0
File Edt View Buld Sinusle Feview Seftings Toos Help

{_Run

Time= 0.0000 Framea=1

Siress Recoveny - Fabigue




.~s» m ADAMS 11.0

= Operating systems
¢ Windows NT 4.0 and Windows 2000
¢ |IRIX 6.5 32 and 64 bit

= NASTRAN 70.5 and 70.7
= ANSYS 5.6 and 5.7
- m FE-Fatigue 2.0

A

Dynamics
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summary

The MSR and Fatigue Toolkit allows stress
and fatigue evaluation within an integrated
environment

Switching between different tools is reduced
to a minimum

Process improvement in terms of efficiency
and quality

The Modal Stress Recovery Toolkit is
available free of charge for all
ADAMS/Durability users

¢ preview of 12.0 functionality



Integrated Durability Process

oY Full Vehicle Component
- N €S rac Test Lab Test Lab

\

; |

m Seamless transition
¢ from test track to test labs
¢ from virtual to real

= nCode, MDI, and MTS are available to
accelerate the integration process
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= Principles of Modal Stress Recovery




Principles of Modal Stress Recovery

o\

- Assuming that the reduction of the full set of Mode Shapes of the Flexible
Body to a sub-set is correct and comprehensive of all the required effects,

the Stress Distribution related to the body deformation can be calculated as:

Stress Mode Shapes Method

lo)=[@,]-{r)

[¢0' ] = [{¢a }1 >t+es {¢0' }P+S ]

ortho-normalized Modal Stress Matrix

{¢0' } ...P+S (P=number of Normal Constrained Modes S = number of Static Correction Modes)

{¢u } ...P+S (P=number of Normal Constrained Modes S = number of Static Correction Modes)

{p} Vector of Modal Coordinates
{0'} Stress Component Matrix

Mechanical

Jynamics
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=  FE Calculation
¢ Component Mode Synthesis, Craig Bampton
e Normal Modes
0 e Static Correction Modes
e Residual Vectors for Distributed/Inertial/Thermal Loads
¢ Modal Stress (and/or) Strain Tensors
o .mnf file gene¥ration
m Flexible Bodies in ADAMS
¢ Correct Mechanism Dynamics
¢ Correct Internal Deformations in the Flexible Component
- ¢ Correct Boundary Loads and Constraints
¢ Modal Coordinates

m  Stress/Strain Computation

¢ Combining Modal Coordinates with Modal Precomputed (Stress/Strain)
Tensors

¢ Post Processing in the most popular FE graphic programs and in ADAMS
e Stress/Strain Time History
E[ | e Stress/Strain Animation

Mechanical
Dynamics



Principles of Modal Stress Recovery -.

Material

Young Modulus
(N/m?)

Steel

PANEN]

Mechanical

Dynamics

ANSYS

NRRRNEN &

Stress K,
(N/m?)
ANSYS
Node 887 580
408 2.192
ANSYS
Node 404 870
4040
ADAMS
Node 873 400
408 2.164
ADAMS
Node 403 600
4040
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