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Sub-modeling in LS-DYNA

Common applications
Mesh refinement of areas with large stress gradients
Sub-system analysis
Why?
Efficiency!
Boundary behavior more realistic in some cases
Heads-up!
Displacements/velocities at the defined interface needs to be ‘converged’
Multi-level sub-modeling may truncate errors...




Sub-modeling in LS-DYNA

Displacement driven - no force option

Care must be taken to ensure that the displacements/velocities are
adequately resolved

Not always sufficient to define sub-model conditions on all boundaries

If the load is known on a boundary, apply the load instead
Make sure that the model is large enough to avoid boundary effects in the area of interest




Sub-modeling in LS-DYNA

Externally applied may need to be defined in the sub-model

Step 1: Load case for the mastermodel.

lForce
Mastermodel

Step 3: Defintion of boundary displacment to output
from mastermodel.

+ 4
Output of boundary dislacements
from mastermodel analysis

Step 2: Location of the submodel in the mastermodel.

1

Submodel

Step 4: Defintion of boundary displacment to
input on submodel. 1
Submodel

4 4
Input of boundary dislacements from
mastermodel analysis

Step 5: Resulting loads on the submodel.

ARRUPHEY  Submodel  ENRIERIE)

Step 1: Load case for the mastermodel.

1 1 Pressure

Mastermodel

Step 3: Defintion of boundary displacment to output
from mastermodel.

1 1111_

U t
Output of boundary dislacements from
mastermodel analysis

Step 2: Location of the submodel in the mastermodel.

Submodel

Step 4: Defintion of boundary displacment to input

L

Submodel

on submodel.

+ +

Input of boundary dislacements from
mastermodel analysis

Step 5: Resulting loads on the submodel.

dxl: dy17 d’zl

dxla dy2= dzl
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Sub-modeling in LS-DYNA

How it works (very simplified

MASTERMODEL H=100 mm

L=2000 mm B=25 mm

H=100 mm

SUBMODEL

L=2000 mm B=25 mm

bvnna
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Sub-modeling in LS-DYNA

How it works (very simplified)

Translations and rotations at defined interface
output

input

_—

Master-model

%@

Sub-model l

To ‘connect’ master- and sub-model
initial coordinates are used in search
of matches.

To drive the sub-model
*BOUNDARY_PRESCRIBED_MOTION
*DEFINE_CURVE

*CONTACT_TIED

are created by LS-DYNA




Sub-modeling in LS-DYNA

Keywords for sub-model analysis

*INTERFACE_COMPONENT_FILE
*INTERFACE_COMPONENT_OPTION
*INTERFACE_LINKING_DISCRETE_NODE_OPTION
*INTERFACE_LINKING_EDGE
*INTERFACE_LINKING_FILE
*INTERFACE_LINKING_NODE
*INTERFACE_LINKING_SEGMENT

The “COMPONENT”-keywords apply to the
master part of the analysis.

The “LINKING” -keywords apply to the
sub-model part of the analysis.




S u b -m Od e l] N g in LS - DYN A INTERFACE_COMPONENT _OPTION1_{OPTIONZ}

Available values for OPTIONT1 include:

Defining the master-model NODE

SEGMENT
Def] ne in te rface ou t p u t OPTIONZ2 only allows the value:
TITLE
*INTERFACE_COMPONENT_FILE : = -
) ) ‘ Card112‘3‘4‘5‘6‘?‘8
Purpose: Allow for the specification of the file where the component interface data
should be written, and the optional use of a new binary format for that data. Variable D Title
Card 1 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 Type A70
Variable Filename
Default | none None
Type A80
VARIABLE DESCRIPTION
LR ol 1D ID for this interface in the linking file
Optional Card. Title Title for this interface
Card 2 1 2 3 o 5 6 7 8
] Card 2 1 2 3 4 5 6 7 8
Variable | Format
Variable SID CiD NID
Type
Type |
Default 2
VARIABLE DESCRIPTION VARIABLE DESCRIPTION
# o R
FNAME Name of the file where the component data will be written SIb Set ID, see *SET_NODE or *SET_SEGMENT.
FORMAT File format to use: CID Coordinate system ID
EQ.1: Use old binary file format NID Node ID

EQ.2: Use new LSDA file format

Z=filename on command line may be used instead of *INTERFACE_COMPONENT_FILE
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Z=filename on command line may be used instead of *INTERFACE_COMPONENT_FILE

S u b - m Od e li n g i n LS - DYNA *INTERFACE_COMPONENT_FILE

Purpose: Allow for the specification of the file where the component interface data
should be written, and the optional use of a new binary format for that data.

Defining the master-model

caat[ + [ 2 [ o[ e s o] 7]
Define interface output Variabl Ferame
Type A8
Default none
Optional Card.
Card 2 1 2 3 4 5 6 7 8

Variable | Format

Type
Default 2
Master-model Master-model SID=100 FARAELE — DT
FNAME Name of the file where the component data will be written
FORMAT File format to use:
*INTERFAC E_COMPON ENT_SEGMENT EQ.1: Use old binary file format
Cerds 1 5 3 4 5 6 7 8 *I NTERFACE_COMPON ENT_SEGMENT EQ.2: Use new LSDA file format
S$# SID CID NID
Variable @ 100
*INTERFACE_COMPONENT_FILE
Type | |\ | S# FNAME
Interface
S# FORMAT
optional :

TbvnaAa
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Sub-modeling in LS-DYNA

Defining the master-model
Use FORMAT=2 on *INTERFACE_COMPONENT_FILE
OPIFS on *CONTROL_OUTPUT is used to define the output frequency to the interface-file

*CONTROL_OUTPUT

Card 1 1 2 3 4 5 6 7 8
Variable NPOPT | NEECHO | NREFUP | IACCOP </UP®) IPNINT IKEDIT IFLUSH
M
Type | | | | F | l |
Default 0 0 0 0 0. 0 100 5000
Ibvnna



Sub-modeling in LS-DYNA

Defining the sub-model
Define interface input

*INTERFACE_LINKING_FILE

Purpose: Allow for the specification of the file from which the component interface
data should be read.

*INTERFACE_LINKING_SEGMENT

Purpose: Link segments to an interface in an existing interface file. The interface file is
specified using *INTERFACE_LINKING_FILE or by including “L=filename” on the
execution line.

Segment Set ID Card. Include as many cards as desired. Input ends at the next
keyword (“*”) card.

Card 1 1 2 3 4 5 6 7 8

Card 1 1 2 3 < 5 6 7 8
Variable Filename
Type A80
Default none
VARIABLE DESCRIPTION
FNAME Name of the file from which the component data will be read

Variable SSID IFID

Type I I
VARIABLE DESCRIPTION
SSID Segment set to be moved by interface file.
IFID Interface ID in interface file.

L=filename on command line may be used instead of *INTERFACE_LINKING_FILE

Note! In some versions of LS-DYNA the user may need to use the command line option.

TbvnaAa
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Sub-modeling in LS-DYNA

Defining the sub-model
Define interface input

sub-model sub-model SSID=200

*INTERFACE_LINKING_SEGMENT

L=filename on command line may be used instead of *INTERFACE_LINKING_FILE

Note! In some versions of LS-DYNA the user may need to use the command line option.

*INTERFACE_LINKING_FILE

Purpose: Allow for the specification of the file from which the component interface

data should be read.

Card 1 1 3 4 5 6 7 8
Variable Filename
Type A80
Default none
VARIABLE DESCRIPTION
ENAME Name of the file from which the component data will be read

Only one *INTERFACE_LINKING_SEGMENT permitted!

*INTERFACE_LINKING. SEGMENT
Card 1 1 2 3 4 5 6 7 8 - -
& $# SSID  IFID
Variable { ssp J IFD ) 200 1
*INTERFACE_LINKING_FILE
$# FNAME
Type | I Interface
bvnnna
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Sub-modeling in LS-DYNA

Defining the sub-model

IFID = Interface ID in interface file
Based on “ID” if TITLE-option is used

Else, based on order of input

*INTERFACE_COMPONENT_SEGMENT

S$# SID CID NID

*INTERFACE_COMPONENT_SEGMENT_TITLE
S# id

3interface 3
S# SID CID NID

102 0 0
*INTERFACE_COMPONENT_SEGMENT_TITLE
$# id

Tinterface 1
S# SID CID NID

100 0 0
*INTERFACE_COMPONENT_SEGMENT_TITLE
$# id

Z2interface 2
S# SID CID NID

title

title

title

MORE rnorbic

102 101 0 0
100 *INTERFACE_COMPONENT _FILE
101 S#  FNAME
*INTERFACE_COMPONENT _FILE Interface
# FNAME
> Master-model SID=100 $# FORMAT
Interface 2
$# FORMAT $
2 S
> *INTERFACE_LINKING_SEGMENT
S S# SSID IFID
*INTERFACE_LINKING_SEGMENT 200 1
$# SSID  IFID *INTERFACE_LINKING_FILE
200 2 S#  FNAME
*INTERFACE_LINKING_FILE Interface
$# FNAME
Interface Sub-model SS|D=200
bvnnna



Sub-modeling in LS-DYNA

Keywords - sub-model input

*INTERFACE_LINKING_FILE

File containing the interfaces to drive the sub-model. Only one permitted!!!

*INTERFACE_LINKING_FILE

Purpose: Allow for the specification of the file from which the component interface
data should be read.

Card 1 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8
Variable Filename
Type A80
Default none
VARIABLE DESCRIPTION
ENAME Name of the file from which the component data will be read
Remarks:

If L= is used on the command line, this card will be ignored. There is no option to
specify the file format, as the file format is automatically detected.

TbvnaAa
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Sub-modeling in LS-DYNA

Recommendations
For solid and shell elements master - _COMPONENT_NODE / SEGMENT
For solid and shell elements sub - LINKING_NODE / SEGMENT / EDGE
For beam and discrete elements - LINKING_NODE / DISCRETE_NODE

When connecting a master shell mesh to a solid
sub-model mesh use overlap to make sure
that moments are transferred properly.

Since the linking is defined by the set(s) in the _LINKING_-commands a large area may be
defined as master node/segment. This may speed-up pre-processing.

Be careful when changing the sub-model. Does it affect the global stiffness? Need to apply
changes to the master-model and re-run?

Make sure that the sub-model region is large enough - no boundary effect in area of interest.

TbvnaAa

MORE rnorbic



Sub-modeling in LS-DYNA
Example: Effective-Notch Stress Metod i LS-DYNA

Modeling according to IIW - ”...element size max. r/4” // \
I A
\/ -

Coarse Master-model Detailed weld in sub-model




Shell master-model to a solid sub-model:
- Make sure that the interfaces overlap
to capture secondary effects (bending)

Sub-modeling in LS-DYNA

Maste rmodel

Segment set

The tied condition is defined
by searching of mates to the

: ” slave (sub-model). This means
that the master set can be
selected more random.

Segment— —Set

v A sub-model

MORE NORDIC



Sub-modeling in LS-DYNA

Example: Fatigue analysis of an impact load scenario
w Pallet drop on storage shelves
= Analysis of fatigue damage in bracket radii




Sub-modeling in LS-DYNA

Example: Fatigue analysis of an impact load scenario
Pallet drop on storage shelves
Analysis of fatigue damage in bracket radii

Solution strategy:

1. Explicit simulation of complete load case
a. Coarser mesh
b. Interface output for sub-modeling
2. Sub-model analysis
a. Fine mesh.
b. Using the interface output in (1)
c. Element output (elout) of elements for fatigue analysis
3. Time domain fatigue analysis using
a. Only on selected elements
b. Stress based, high-cycle fatigue
c. S-N curve input




Sub-modeling in LS-DYNA

Example 3: Fatigue analysis of an impact load scenario
FE-models

Sub-model




Sub-modeling in LS-DYNA

Example 3: Fatigue analysis of an impact load scenario

Master-model

1l

NSID=2000

*INTERFACE_COMPONENT_NODE_(TITLE}) (1)

1D Title
1 Master
2 NSID = CID NID =
2000 0 0
COMMENT:
*INTERFACE_COMPOMNENT FILE (1)
1 FILENAME
interface_file
2 FORMAT
2
COMMENT:
*CONTROL_OUTPUT (1)
1 NPOPT NEECHO NREFUP IACCOP OPIFS IPNINT IKEDIT
0 - 4] - 0 - 4] - 1.000e-04 0 - 100
2 IPRTFE IERODE TET1058 MSGMAX IPCURV GMDT IP1IDBLT
0 hd 0 - 2 - 50 W] - 00 0

-

Browse
IFLUSH
5000
EOCS
0 -

RiTaEE e L naTR T, YT B L




Sub-modeling in LS-DYNA

Example 3: Fatigue analysis of an impact load scenario
Sub-model

I NSID=20000 INTERFACE_LINKING NODE SET (1)
1 NSID| = IFID Exi= Y= 2=
20000 1 0 0 0

*INTERFACE_LINKING FILE (1)

1 FILENAME

interface_file

Browse




Sub-modeling in LS-DYNA

Example 3: Fatigue analysis of an impact load scenario

Sub-model Using the time-domain fatigue solver
In LS-DYNA R12.0.0

Element set for output through
*DATABASE_HISTORY_SHELL_SET
& *DATABASE_ELOUT

N\

Typical stress history in radii
I

120

100

80

60

Stress

40 - ‘ |

20 If

0o

Time




Sub-modeling in LS-DYNA
Example 3: Fatigue analysis of an impact load scenario

*FATIGUE_MEAN_STRESS CORRECTION Using the time-domain fatigue solver

“FATIGUE_ELOUT In L>-DYNAR12.0.0

*MAT_ADD_FATIG U E 100 - Cumulative d;n;:ie_:::io

*FATIGUE_MULTIAXIAL 1 ;:;:;::g:{

*FATIGUE_D3FTG P "
W e
N vﬁ MWWWW R — .y

7.403e-07

3.701e-07 l
0.000e+00

1) [ SR S— s
100 1000




Sub-modeling in LS-DYNA

Using direct d3plot results
Benefit: No need for an identification run of the master-model
Drawback: More manual work

How to?
Run master-model
|dentify sub-model area

Create sub-model
Geometry
Interfaces
BPM’s and curves
Tied contact

Run sub-model




Sub-modeling in LS-DYNA
= Using direct d3plot results

= Mastermodel and load case

LS-DYNA keyword deck by LS-PrePost

Fixed surface

~.

Loads




Sub-modeling in LS-DYNA
Using direct d3plot results

Mastermodel result

'IFISH;EINA kelyword deck by LS-PrePost Maximum Principal Stress [extrapolated nodal values]

Contours of Maximum Principal Stress [extrapolated nodal values] 2.908e+02
min=-0.564673, at elem# 2552
max=290.818, at elem# 2960 2.762e+02

2.617e+02
2.471e+02 _
2.325e+02 _
2.180e+02 _
2.034e+02 _
1.888e+02 _
1.743e+02 _
1.597e+02 _
1.451e+02 _
1.306e+02 _
1.160e+02 _
1.014€+02 _
8.685e+01 _
7.228e+01 _
5.771e+01

4.314e+01

2.857e+01

1.400e+01

-5.647e-01 |

Area of interest

TbvnaAa
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Sub-modeling in LS-DYNA
Using direct d3plot results

Create sub-model

Choose only the elements of interest
(blank and reverse....)

L5-DYNA keyword deck by L5-PrePost
Timw = 1

Comtours of ipa | Stress [
min=-0,564673, at elem# 2552

LS-DYNA keyword deck by LS-PrePost
Time = 1

pal Stress [exh da | values
Contours of Maximum Principal Stress [extrapolated nodal values] 2.908e+02
min=-0.564673, at elem# 2552

max= 290,818, ot clem# 2960 2.762e+02




Sub-modeling in LS-DYNA
Using direct d3plot results

Create sub-model

le Misc. View Geometry FEM Application Settings Help

LS-DYNA keyword deck by LS-PrePost
Time = 0
Contours of Maximum Principal Stress [extrapolated nodal values]
min=0, at elem# 601
N max=0, at elem# 601
7] Post

Output initial nodal coordinates and elements
through the output meny in LS-PrePost

File name: geo.k in this example

‘.

s
-
Eigen First:
Animate
305

1/Last:| 1l|lnc: 1|Time:

<4 H P> O P>

3

BB Output RN B

Principal Stress [extrapolated nodal values]

0.000e+00
0.000e+00
0.000e+00
0.000e+00 _

Format: |Keyword v

=) Active Parts Only

Entire Model
int. 1D +) UserID
o Element

» Nodal Coordinates
Nodal Displacemnent
Nedal Velo s

Element Results
Nodal Results
Shell p-Strain
Shell Thickness

Element Centroid volume

~ Append St No: 1

Scale Factor: 1

Write Curr Done

L 90000V De®

FITIE RITY JUTSR TG 1 CUSIIMIE A0S A1
nogamma opaque enlisted "OGLLx1"

yEEEOed - Xk vRAEEenIET

e TS UBMTIUELT

VS PALE AL M INDEFEN DS T Ye UG Py AN S LAPE

GG e @

& Gl m Y\
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Sub-modeling in LS-DYNA
= Using direct d3plot results

B LS-PrePost(R) V4.3 - 26Nov2016(09: 00)-64bit ND_DEVEL OPMENT/SUBMODELING/SPACE_AND_TIME_INDEPENDENT/d3plot
File Misc, WView Geometry FEM Application Settings Help
LS-DYNA keyword deck by LS-PrePost B o .
» Create sub-model Tme=©
=
57 Post | Eigen First: 1|Last:| 11|Ine:| 1 Time: State: 1

= Use “Trace” to output *BOUNDARY_PRESCRIBED_MOTION | =  <emro» == Trace
for all selected nodes (including the curves) " e s \

m# QeI LH

(=) Node Trace (J Streamline

) Point Trace () Part Trace

HKeEsZBrmldVFERN« @

* . . o
Save file as WrBPM.k in this e i
* D Starting CID: 1 E,]
QO pick O B =) In Adjacent | () ByNode e |
Attach | & ByElem s WS
i O Bypart |
¢ () Add Slear By GPart @
fin O Am Save | () Bysubsys
Load | () BySet/Grp sy
B - Deselect | - ByEdge
o o)
M whole | = :’Zam
I Label selection [J 3DSurf | pctye / rY ??m
& Prop (I Adap Ang|s v | | Reverse

Starting State: 1 1

WrCur || Wrlrace

/IBPM Clrrace

Done

WrBPM =Write Boundary Prescribed Motion

A%

Lieeecsosewe -V D UyriamePed -+ & v sHoeonh

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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Sub-modeling in LS-DYNA
Using direct d3plot results

B LS-PrePost! (R) V4.3 - 26Nov201 6! (09:00)-64bit NT/SUBMODELING /SPACE . AND_TIME_INDEPENDENT, /node_and_element. k
File Misc. View Geometry FEM Application Settings Help

C reate Su b - m Od el . LS;DYNA keyword deck by LS-PrePost
[
Open geo.k

Create shell elements from the solid boundary faces /% I
. e

3

&

X
|

mhends

Wil

.......

Bl 9PV ET

shell By:| Solid Face

@ E BRI WN

kG

A4

L 29980 0@89@@e - e ryEEEOeF v kiwaEEHe kLIS




Sub-modeling in LS-DYNA
Using direct d3plot results

s
i
File i

ew Geometry FEM

Applicati

ion  Settings

Create sub-model

. LS-DYNA keyword deck by LS-PrePost

Detatch shells from solids |
]
To make sure that the node numbering = =

on the master side does not change -

one select to detatch the slave part. e

CCCCC

eeeeeeee
WWWWW
AAAAAA

W

L @Yo EHEe @S-V e ®d

B G  EOE R

SEee#fY aN

(G O NI
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Sub-modeling in LS-DYNA
= Using direct d3plot results

» Create sub-model
= Make changes




Sub-modeling in LS-DYNA
= Using direct d3plot results

LS-DYNA keyword deck by LS-PrePost

» Create sub-model
» Define tied contact




Sub-modeling in LS-DYNA
Using direct d3plot results

Create sub-model

Complete the set-up as usual
Include the WrBPM.k-file
Run the sub-model

SUBMODEL

Time = 1

Contours of Maximum Principal Stress [extrapolated nodal values]
max IP. value

min=0.00111954, at elem# 3051

max=371.102, at elem# 4551

Maximum Principal Stress [extrapolated nodal values]
3.711e+02

3.525e+02
3.340e+02
3.154e+02

2.969e+02 _
2.783e+02 _
2.598e+02 _
2.412e+02 _
2.227e+02 _
2.041e+02 _
1.856e+02
1.670e+02 _|
1.484e+02 _
1.299¢+02 _
1.113e+02 _
9.278e+01 _
7.422e+01
5.567e+01
3.711e+01
1.856e+01
1.120e-03 |




More information

DYNAmore Nordic AB customer support: support@dynamore.se
Public LS-DYNA example models: www.dynaexamples.com
Public LS-DYNA FAQ: www.dynasupport.com

Conference paper download: www.dynalook.com



mailto:support@dynamore.se
http://www.dynaexamples.com/
http://www.dynasupport.com/
http://www.dynalook.com/

Thank you!
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