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LS-DYNA Implicit

BACKGROUND
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LS-DYNA is a versatile multi-physics solver package
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LS-DYNA is a versatile multi-physics solver package
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LS-DYNA Implicit

WORKFLOW
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LS-DYNA implicit - Opening for new possibilities

Traditional workflow for multi-disciplinary analyses

Conversion @conversion

Other solver

Other solver

NNNN

LS-DYNA - from explicit to implicit

2020-09-24



LS-DYNA implicit - Opening for new possibilities

LS-DYNA One-code philosophy

o B,
FE-Model

LS-DYNA
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LS-DYNA implicit - Opening for new possibilities
LS-DYNA One-code philosophy

i

LS-DYNA l l
Crash / Static / NVH

occupant durability -5
'H'H‘H‘ safety 'H’H‘H‘

Using LS-DYNA for different disciplines makes it easier for simulation
engineers from different groups to share information and experiences

m
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LS-DYNA implicit - Opening for new possibilities

Multi-disciplinary optimization of a hood

ANSA

PRE PROCESSOR

!

Eigenvalues:
Implicit

~—
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Workflow

Modelling for explicit and implicit analyses

CAD ':>’ANSA®=>

PRE PROCESSOR

Automated meshing,
assembly

Crash load cases

Crash-Regulations: Europe, United Nations, USA, China and India

Instrument Panel Side Windows  Interior Roof Headrests
[Me21, 32,33 ~ MRS, GTRE [MRi2 21, 43. GTRE EARKIVES 216, 216 ,'DM?,H.GTR?
VS 200 T ERMvss 205,226 [EFVSS 201, 205, 204, 205 ElG8 261342010, EERVIVSS 2022
s 15223 - ~ [ GB 11552-2009 7 e [ GE 11550-2009, GB 15063-2006
T N D515 45096 ‘ /’ 1515545
Windscreeen . o ' N .
[LR43, GTRE - - N ! Rollover
[ Fnavss 205, 212, 218 .
ICis 15804 mﬁwssm 216, 2163, 301
Rear Impact
Pedestrian Protection [CIR17, 35, 32,34, &
e 7s/2005, /63172009 s 200, 207,
[CRL27. ETRS \ EGB 11550-2009. ¢
502000 | X
Ezswll;jﬁ 1 18296-2001 20072-2(
IThAs 101
Seat Belts

~ . [MR14 16,17
[ Fravss 208, 208, 210
ET1GE 14166-2013, GB 1
~ 2013, 15083-2006

Frontal Impact R - EEEEERE

\

[MIR12, 14, 16, 33, 34, 84, 137 ; 4 .
[EFvss 203,204, 206209 Bumper — Steering Side Impact  Seats ~Doors
10,301 MRz Wheel [T A9, 135, GTR 14 E:Im,n.zua.m.m [CIRLL GTR L
[ETIGE 11551-2004 . 11557-2011 . [y Fhvvss 581 MRz [EFMVSs 214 [EFVSS 200, 2023, 207, 213,225 [ FMIVSS 206
14166-2013, 14167-2013 [EGB 17354-1988 ey pycs ogs, 2gq (/6B 20071-2005, 1B 11550-2009, 14166-2013, [F16GE 157431995,
G 20913-2007 15 15801 [lGB 115572011 GB/T37337-2018 150632006, 27TES7-2011 15066-2013

015 15135, 15140, A15 096, 055 [ C115 15546, 15138, 15532, 15072 [ 1514225

5 11932, A5 096

Sub-system
verification

Full-car model

{—
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Workflow

Modelling for explicit and implicit analyses

CAD =>’ANSA®=:>

PRE PROCESSOR

Automated meshing,
assembly

Durability load cases
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Workflow and model organization

Using an include file structure

LS-DYNA®

______________________________

[ Control carfB F loadcase]
/ Janabee ca|.— —  Model BC:S Rigid barrier
.............................. § crash |
BiW Initial .
Contacts ] velocity "1~
Connections CCB Impactors
Materials IP
I Subsystem ... !
]
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Rigid barrier crash
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Workflow and model organization

Using an include file structure

. Implicit settings g

:

LS-DYNA®

______________________________

Load cdse
(linear statics) :
BCs! -
-_ —  Model | |
BIW Initia} :
mmmm) Contacts ] velocity--j---------------mmmmee--!
Connections CCB Impactors
I:>| Materials IP
I Subsystem ... !
|
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Torsional stiffness analysis
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LS-DYNA Implicit

IMPLICIT SET-UP

NORDIC
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Implicit set-up in LS-DYNA

Objective: to set-up a non-linear implicit analysis with minimal effort

LS-DYNA is a versatile multi-physics solver. Many different analysis types are
possible.

/ Simulation

w0 Force us. displacement comparison, 2012 Toyota Camry
u
70

Loads & BCs
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Implicit set-up in LS-DYNA

In order to help the user getting started with Implicit analyses in LS-DYNA,
the Guideline to implicit analysis was developed

L) ey fovnAa v & ImplicitPackage_200910.zip

[ 2 overview o=

[] 31LS-DYNA database W F'ackagE_EDD91D

cards for different analysis
types

[ 4 Set-up of some E}c:ar‘r'lp|E5.
common impl Ctﬂﬂa'fSS . . . s -
— Guideline for implicit analyses using

[ 5 Element types LS-DYNA Frequency_domain

[ 6 Contacts for implicit
analys

yses Guideline
[ 7 Material models
[ & Other implicit analysis INCLUDE_F'LES
types
ﬂ 9 Modifications of control
(a:d settings RESTAH—I—
[l 10 References

[:] 11 Revision record

[:] 12 Appendix A: Rubber
modeling for implicit

an
[ 13 Appendix B: Restart of

analyses
[:] 14 Appendix C:

Troubleshooting

convergence problems
[ 15 Appendix D:

v

Converting an implicit
model to explicit

[1 16 Appendix E: Converting
ez I |
Available for DYNAmore Nordic customers from files.dynamore.se>ClientArea

The focus of the “Guidelines for implicit analyses” is how to set up the
analysis as such, and to guide in choice of elements, contacts, material
models etc. Also provide a suggested starting point for control cards settings.
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Implicit set-up in LS-DYNA - Control cards

Identify analysis type and select control card include file
In many cases, *CONTROL TERMINATION is the only required additional control card

Note! LS-DYNA implicit is always either purely non-linear or purely linear!

Use an include file structure! Then the control card include files from the
Guideline may be used directly.

| Include files Add keywords: )
Analysis type |control_cards_. .. database cards ... *CONTROL IMPLICIT ...
Linear static [Linear.key static.key
Non-linear static [ronlin.key static.key
Linear buckling | M static.key BUCKLE
Non-linear arc.key static.key
postbuckling
Eigenfrequency D static.key EIGENVALUE
analysis
Linear transient modal|l. inear . key dynamic.key MODAL DYNAMIC
dynamics
Frequency domain linear.key
analyses®?
Non-linear implicit nonlin.key dynamic.key DYNAMICS
dynamics

Notes: (*) *CONTROL_TERMINATION must always be added. (1) Can be part of both linear and non-
linear analysis. (2) Frequency response functions, steady state dynamics etc.
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Implicit set-up in LS-DYNA - Control cards

Identify analysis type and select appropriate control card include file.
= In many cases, *CONTROL TERMINATION is the only required additional control card.

Use an include file structure! Then the control card include files of the
Guideline may be used directly.

Control
Main keyword file,

cards

with contacts, bondary
conditions etc.

Database
cards

1]

/ Material
/ data
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Different ways into the world of LS-DYNA implicit

Solution Explorer

BRI \uitiphysics Solution]
£} O] pretens
3 du#+ Structure
-#Q, Analysis
Ewtg® Mechanical Analysis
vk Nonlinear Implicit
7 [ Integration
753 Solver
#At Time Step
- %5 Model
) vy Parts
# Shell Parts
B A Beam Parts
# front grabhandle
&y Solid Parts
# A Initial Conditions
o+’ Prestress
Bt Solid Groups
foofyf grab handle
2 fundament
#¢ Boundary Conditions
#5, Contacts
o +## Tied Contacts
Lt global tie

s Tie diagonal

JaJoydxa uoln)os

LS-DYNA
Implicit

IbOhvnna
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Different ways into the world of LS-DYNA implicit

The Solution Explorer in LS-PrePost

.
M ‘ F | I e M enu : LS-PrePost(R) V4.7.0 (Beta) - 19Feb2019(10:38)-64 bit
e SC. ew P

=
A= Multiphysics Solution ?_!] 0
¥ 1 prestn '«g
¥ e Structure
o
v «Q Analysis L
< v¢® Mechanical Analy: 5
kg ke Nonlinear Implicit L~
v | Integrat;
747 Solver
-

- Model Tree

¥ A Beam Parts
¥ S front grabhandle
< w$ Solid Parts
¥ v floor_solids
W <% Solid BOLT
v WY sleeve
« @ Body Constraint
¥ % 16 mm bolt

A
L E ABdS VeV F| [

g #%mO\[F[T

Canvas
N ¥ 4

|
Function Buttons

¥ Unit Sy m
Time  secon d T
Length mm
Mass tonny
Temperat Kel
b Advanced

Property Editor

Solution X

L BP0 e 0o View Buttons | « —
> }8(

;1
Auto center the model in the window (Ctri+A) Fast Renderer
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ANSA Implicit toolbar

Help with model check and set-up

*1a/EXPL{run_expl.key.ansa)

X

| D Search Functions and Fitters

&5 v

b e @ < ) <& [E>

0:run_expl.key, Current Part: NO PID ELHMNTs

CeQE->

Modules Buttons x
NODE INFO »|
MNEW » PASTE™ RELE. »
T » MOVE |[MATC. » || ALIGN
4 Implicit toolber THICK.» EXPL.» | UTIL »
Initial checking Solver settings ~ Output requests  Final modifications User Script Buttons
ImplicitToolbar Open GUI
Check implicit Open Guideline
DES » |COHE.*> || P.NO. »
PLOTEL || DIRMAT | UTIL »
Other useful checks DELETE
CONSTRAINED INFO
JOINTS » ||SPTW. » | WLDS. »
egative volume ND_R.* |ND_S.» |EXT N.»
Duplicate elements RIGBO.* || RBSTOP | PLANE®
Rigid bodies INTER.* ||LINEA.* | TIEBR.*
Constrained interpofations LAGRAM.|| SH2SL || SPR2 »
INTER. > | ADAPTI. |IN_SOLID|
DELETE
Y
Type : Entity ID Description 7|v EE A
v Contacts
Warning CONTACT .. Use of non-MORTAR contact
Control cards
v Element formulations
Warning SECTION_SHELL ... Shel elform 2, switch to 16
Warning SECTION_SHELL Shell efform 2, switch to 16
W
Warning SECTIOM_SHELL .. Shel elform 2, switch to 16 el
" wu
v
Options List X
- — - —
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Implicit set-up in LS-DYNA

Other sources of useful information regarding implicit analyses in LS-DYNA:
www.dynasupport.com/howtos/implicit
http://www.dynaexamples.com/implicit
www.dynalook.com - search conference papers

DYNAmore / ANSYS LST also gives courses in implicit analyses:
Non-linear implicit analysis in LS-DYNA (Dr. T. Borrvall)
NVH & Frequency domain analysis in LS-DYNA
From explicit to implicit simulation models in LS-DYNA
All courses available as on-line seminars

See also: https://www.dynamore.se/en/training/seminars and
https://www.dynamore.de/en/training/seminars

Please report bugs and errors! Send an e-mail to support@dynamore.se or call
013-236680
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Conversion: Implicit modelling aspects

Use the Mortar contacts
*CONTACT_AUTOMATIC_S INGLE_SURFACE_MORTAR_ID
*CONTACT AUTOMATIC SURFACE TO SURFACE MORTAR ID

The same contacts modelling approach as in explicit can be applied also for
implicit

One global single surface contact

One global tied contact

Model connectivity is crucial
Unconnected sub-assemblies may cause non-convergence in statics
Loose, spinning sub-assemblies may cause slow convergence in dynamics

Fully integrated elements Stress -srain examples
Materials 1

Hardening curves //—‘ ______

Damage / failure is available also in implicit
User defined material models require also

—e—maybe OK

appropriate tangential stiffness o

0 0,02 0,04 0,06 0,08 01 012

True plastic strain I
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Mortar contact

m *CONTACT AUTOMATIC .. SURFACE MORTAR M Captured contact situations

Segment-based penetration check Segments not allowed to penetrate

Based on consistent FE-theory segments

Shell edge to segment of shell and solid

Focused on accuracy for implicit

Solid edge to segment of shell and solid

Beam to beam

Beam to shell edge ( )
Beam to segment of shell and solid
Element erosion
®m Missed contact situations
None’

1 @
Hanl
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Mortar contact

B *CONTACT AUTOMATIC .. SURFACE MORTAR
Segment-based penetration check
Based on consistent FE-theory
Focused on accuracy for implicit

m Captures all’ contact situations

® |n explicit models, *CONTACT AUTOMATIC GENERAL ID is often applied for modelling
beam-to-shell-edge or beam-to-beam or edge-to-edge situations

®m |n implicit, this should be replaced by
*CONTACT AUTOMATIC SINGLE SURFACE MORTAR ID

rDY N.A LS-DYNA - from explicit to implicit
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Conversion: Implicit modelling aspects

Unconnected parts or assemblies will cause rigid body modes, which may
prevent convergence in implicit statics
Check model connectivity!
Perform an eigenvalue analysis. Just add *CONTROL IMPLICIT EIGENVALUE
Use Check > Connectivity > Detect unconnected assemblies in ANSA
Check tied contacts. Setting IPBACK =1 on *CONTACT TIED ... may be a quick fix for
avoiding for example loose spot-welds
Connectivity causing hinges or mechanisms
For example beam -> solid using common nodes
A CNRB connecting to one node of a solid will also cause a spherical joint

Joints
From R11, joint stiffness can be applied globally on *CONTROL RIGID

General model QA
Check mesh quality, initial penetrations, duplicate elements, negative volume etc.
Similar to any LS-DYNA model
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Conversion: Example - The Yaris model from CCSA

Start out with a model for explicit crash analysis
Create a model that works in implicit for many different load cases

Roof crush

Frequency
response

Fender loading

stiffness

Tow loading

Door slam
Door sag \ /

Gravity loading

rDY NL.A LS-DYNA - from explicit to implicit 2020-09-24
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Specific modifications: Yaris

Removed “dummies” from crash model
The tire airbags were a separated and switched to *ATIRBAG LOAD CURVE

For the door-related load cases, the door hinges were aligned and some
CNRBs between the BiW and the door were removed

The single surface contact was switched to Mortar contact (Note! Still one
automatic single surface contact definition for the whole model)
Removed null-shells from solids

Added IPBACK to the tied contact for spot welds
The suggested control card settings for non-linear implicit analyses from the

Guideline were used as a basis
DNORM =1 on *CONTROL IMPLICIT SOLUTION was used in many load cases

The geometrical stiffness effect was disabled (IGS =2 on
*CONTROL IMPLICIT GENERAL)

Rate effects were disabled (IRATE = 2 *CONTROL IMPLICIT DYNAMICS)

Switched to shell elform 16 using *CONTROL IMPLICIT EIGENVALUE
From R11, shell elform 2 are automatically switched to elform 16 due to rACC =1
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LS-DYNA implicit - Modifications

The Yaris is modeled in the gravity loaded position. Pre-loading of the

suspension must be applied in some way. This was changed from the original
model to *ELEMENT DISCRETE LCO.

Spherical joints can be a potential problem, since rigid body modes may be
introduced (spinning parts)

added some CNRBs to steering links and

SPCs to constrain rotation of the anti-roll bar links in the front suspension
1 v
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LS-DYNA implicit - Modifications

Added three extra springs to attach the exhaust system to reduce
deformation due to gravity loading

Gravity loading of exhaust system only

rDY N.A LS-DYNA - from explicit to implicit 2020-09-24
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LS-DYNA implicit - Modifications

Added some CNRBs to cooler tube and windows (the rubber seals are missing)

*** Warning 60301 (IMP+301)
Using *CONSTRAINED SPOTWELD with nodes without rotational dofs.
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LS-DYNA implicit - Modifications

Added some CNRBs to cooler tube and windows (the rubber seals are missing)

Radiator side
Added tube

connections Original
connections
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Examples of some load cases solved in implicit
Tow loading

Full car model

Tow loading Door sag
Door sag

Fender loading

Partial models
Seating
IP as footrest
BSR analysis of IP

Fender
loading

IP as footrest
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Tow loading

The chassis was constrained at the wheel hubs. The BiW was constrained at
the lifting positions / longitudinals

20 kN is applied to the towing eyelet attachment

The Yaris model is quite simplified
Towing eyelet not available
Probably more detailed (spot) weld modelling required in the area of interest

rDY N.A LS-DYNA - from explicit to implicit
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Tow loading Solution time: 2h 49min on 12 cores

>300 2492 184 126 68 <10 No Value

[ . [

rDY NL.A LS-DYNA - from explicit to implicit 2020-09-24 38



Door sag loading

Solution time: 8h 48min on 16 cores
0:d3plot : 170824 Yaris door sag loading. Constrain BiW.Gravity z

Door striker movement
loading.Statics : STATE 1 ,TIME 0.00000000E+00 X 1200

—— Force vs. displacement

1000t

800t

600r

Z Force /N

400r

200r

-0.Q00E+00, -0.000E+00 (Subcase=1.000E+OO)§
0 5 10 15 20 2!
Z Displacement / mm

IbOhvnna
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Hood / fender loading

IOhvna
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Hood / fender loading Solution time: 7h 38 min on 24 cores

Displacements: : STATE 1 , TIME 0.00000000E+00

Y Displacements : : STATE 1 , TIME 0.00000000E+00

0:d3plot : 170908 Yaris Fender loading by prescribed force and unloading. Constrain : Scalar: : Magnitxfe of 1:d3plot : 170825 Yaris Fender loading by prescribed force and unloading. Constrain: Scalar: : Magn:fe of

Y

.

o

>20.00 16.20 12.40 8.60 4.80 <1.00 No Value
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Hood / fender loading

Force / N

400r

200¢

p05|t|qn

1000 Hood / fender loading - S|de p05|t|on VS. front position
- Hood/fefjder (side) Hood/fender (side)
— Hood/grill (front) peak deflection: _ S
. 22.30 mm 5 Hood/grill (front)
5 peak deflection: : ;
5 : 36. 50 mm
800_ ................ H oodlfenders“:le ......... ............................................................ ] s B :

15 20 25 30 35

40
Displacement / mm

IbOhvnna

WWVIORE
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Seating

The driver seat was isolated from the Yaris model

The pelvis of a Hybrid Il (the free Fast version from ANSYS/LST) was pushed
into the seat by a force of 765 N

0:d3plot : 190408 Yaris seat loading by force and constrained displaceme; H Dummy Seating results
STATE 1 , TIME 0.00000000E+00 800 ; ; ; ; ; ; ;
Y é é ; ; ;
‘— Force vs. displacement /
700 ' : ' ;
600_ .......... T S
500

Z force /N
B
o
=)

3001

200

100

0 2.5 5 75 10 125 15 175 2
Z [Displacement
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Seating

The driver seat was isolated from the Yaris model

The pelvis of a Hybrid Il (the free Fast version from ANSYS/LST) was pushed
into the seat by a force of 765 N

The contact pressure is obtained as an indication of seating comfort

>0.0630665
0.0504532

0.0378399

0.0252266

0.0126133

<0

.ND Value

Model:0 Visible Max 0.0630665 at Shell 12670
Model:0 Visible Min 0 at Shell 1
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Seating

An eigenvalue analysis of the loaded seat was performed, followed by a
steady state dynamic analysis (* FREQUENCY DOMAIN SSD) to obtain the

transfer function between the attachment points and the seat cushion

Seating SSD Analysis
360 9 y

DAOL B N R s o ..............................
]| S —— ..............................................

(Phase) (d

—— Cushion center Z acceleration

1.0E+00

(Magn) Z acceleration [Log]

1.0E-01

0 10 20 30 40 50 60 70
Frequency / Hz
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IP as footrest

The Instrument Panel was isolated from the Yaris model

The feet from a Hybrid Il (the free Fast version from ANSYS/LST) was pushed
into the IP by a total force of 1 kN

0:Z_cprd3plot : Overload of Instrument Panel. Test first displacement control : ORIGINAL STATE z
o d
b 88
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IP as footrest

The Instrument Panel was isolated from the Yaris model

The feet from a Hybrid Il (the free Fast version from ANSYS/LST) was pushed
into the IP by a total force of 1 kN

Force vs. displacement
500

— Right foot
— Left foot

w
=1
(=]

Magnitude of force / N

N
=]
(=]

100

>0.05 0.0402 0.0304 0.0206 0.0108 <0.001 No Val:

: Visible Max 0.0662439 at Shell 409927'
Visible Min 0 at Shell 289865

0 2 4 6 8 10 12 14

Magnitude of displacement / mm

Accumulated effective plastic strain
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BSR Analysis of IP

The Instrument Panel was isolated from the Yaris model

A Steady State Dynamics analysis was performed using frequency dependent
modal damping and an assumed acceleration load

0.06 Frequency dependent modal damping 5 Loading
' —— Modal damping —— Load amplitude
4.5 i H .
0.05
4
3.5

ot

o

i3
w

]

Modal damping ratio
o
o
W

Z Load amplitude / g
N
n

Frequency / Hz Frequency / Hz
Frequency dependent modal Base acceleration loading (g) vs.
damping frequency (Hz)
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BSR Analysis of IP

Based on the SSD results (d3ssd) a Buzz, Squeak and Rattle (BSR) analysis was
performed using the BSR Tool in LS-PrePost 4.7

rattle
1.000e+02
9.100e+01
8.200e+01 |
7.300e+01 _
6.400e+01
5.500e+01
4.600e+01
3.700e+01
2.800e+01
1.900e+01
1.000e+01 |

Rattle 95 Hz

Rattle 72 Hz
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._
Summary

FE-models for explicit analyses can in many cases be used also for implicit
with minimal modifications

Special requirements, for example for local mesh refinement for detailed stress analysis,
could also be incorporated in the model generation process

Extended subsystem verification for implicit could also increase model quality for explicit
analyses

The one-code strategy of LS-DYNA is well suited for multi-disciplinary
optimization

Using LS-DYNA for different disciplines makes it easier for simulation
engineers from different groups to share information and experiences

The Guideline for implicit analyses in LS-DYNA can serve as a starting point
Build experience for your specific needs by consistent use of settings, element types etc.

Examples of full-car models and sub-system models were presented
Further reading:

Roof-Crush Analysis of the Volvo XC40 using the Implicit Solver in LS-DYNA
Re-Using Crash Models for Static Load Cases with Minimal Effort
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https://www.dynalook.com/conferences/12th-european-ls-dyna-conference-2019/vehicle-development/carlberg_volvo.pdf/view
https://www.dynalook.com/conferences/15th-international-ls-dyna-conference/implicit/re-using-crash-models-for-static-load-cases-with-minimal-effort/view

Thank you!

more
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