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Motiviation
Save simulation time for axisymmetric and plane cases
Simple pre-processing
High resolution through thickness




Types

Plane stress: 0,=0 (thin parts)
Plane strain: €,=0 (thick parts)
Axisymmetric: Rotational symmetry

Structure: Lagrangian formulation

ALE: Arbitrary Lagrangian Eulerian (fluid)
MMALE: Multi-material ALE-formulation (fluid)
ICFD and FSI

Explicit and Implicit

mpp and SMP: Adaptivity is not supported in mpp
Thermal/thermal contacts




Element formulation: *SECTION SHELL

Plane stress: ELFORM=12
Plane strain: ELFORM=13

Axisymmetric: ELFORM=14
Area weighted: high explosive applications
Unsuitable for implicit simulations

Keyword Input Form

Axisymmetric: ELFORM=15
Volume weighted: structural applications ] [
Very large deformations can lead to problems Jee parameter

at the axis of symmetry

‘ RefBy HSortﬂlH Add HAcceptH Delete HDefaultH Done

(Subsys: 1 New_Subsystem_1) Setting

*SECTION_SHELL (TITLE) (0)

EQ.12: Plane stress (x-y plane),
EQ.13: Plane strain (x-y plane),

TITLE
. 1 SECID ELFORM bHRF NIP PROPT QR/IRID ICOMP SETYP =
Fully integrated 2D-elements are VR 2 . o o i -
available for ELFORM=13 and = Lc3 = = o TENT NS
15 by Sett]ng NIP=4. Repeated Data by Button and List
Data Pt.

ml w4

EQ.14: Axisymmetric solid (y-axis of symmetry) - area weighted,
EQ.15: Axisymmetric solid (y-axis of symmetry) - volume weighted,

q




Element formulation: *SECTION ALE2D

Plane strain: ELFORM=13

Axisymmetric: ELFORM=14 area weighted
Single material ALE: ALEFORM=6

Multi-material ALE: ALEFORM=11 [«modmutrom

TITLE

1 SECID

COMMENT:

[] Use *Parameter

ALEFORM

11 A

ELFORM:=Element formulation:
EQ.13: plane strain (x-y plane)
EQ.14: axisymmetric solid (y-axis of symmetry) "C area weighted

*SECTION_ALEZD_(TITLE)

ELFORM

14 -

l RefBy “ Add “Accept“ Dele‘[e“Default“ Done ‘

(0)

(Subsys: 1 New_Subsystem_1)

Setting

i




FE-model

Plane stress/strain
In the global xy-plane
Z-coordinate must be zero for all nodes
Element normals should be positive in the z-direction

Axisymmetric
In the global xy-plane
Z-coordinate must be zero for all nodes
Element normals should be positive in the z-direction
The global y-axis is taken as the axis of symmetry
All nodes must have x-coordinate > 0

Axisymmetric model




FE-model

Project coordinates in LS-PrePost
Element tools

[ransform =
i (0) Transform F
P . t () Translate
rojec ©Rotate
Airbag Shell RefGM
Norl I | X Airbag Node RefGM
Project Model #
Transf
Norm Z |PIane:[NnrmX '] >
[ Pick location N'a‘
NodeID: j
DetEl
XYZ: 0,0,0 Ene
LR ]
Nodel Duphod
Node2 ,
Node3 HodEdit
M5
v 53
[] Along Vector FED
X Y 7 ﬁ\ MdChk
1 0 0 Measur h—;ﬁ
8 Favorl
L#]
éﬁ
- . . Options Smooth
(@) Pick Box (@In O ByMode [ Copy Elem [ Copy Node
Area Prox Out (") ByElem
Adjacent | - Copy Enti
Poly Circ — () ByPart i B
P 00K @ nag €
-] rin = Iy
(C)Rm [ Clear | ByGPart
Sphe Plan - (@) BySubsys
_/ Bysubsy Pick Part Plist
D Typelany = ") BySet/Gmp
[ Label selection [ 3DSurf |ByEdge ki Edghae
Y [¥]Prop [“|Adap Ang 5 [ whole | =)gypath 21567 E
-_Vslb\e (") BySegm Tershe Region
ByCunve
Bysurf Reject || Accept
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FE-model

Show/reverse element normals in LS-PrePost
= Element tools

= Normals

|
Normals ﬁ

Entity Type: |Shels i

(@) Show Normal

) Reverse Normal

() Align
V-Size 10 =1
(@ Compliment ) Dimmed

Airbag Shel RG Arbag Node RG

Reverse||AutoRev
Done

Sel. Shells{6) |

ByMode
ByElemn
ByPart
ByGPart
_) BySubsys

ick (C)Box (@)
Out

Adjacent

Clear

(Z)Sphe () Pln

bin Type oad | (") BySet/Gmp

["|Label selection || 3D5urf Deselect ByEdge

Whole |
[CProp [JAdap 4ro|5 s ole | ()Bypath
Visible BySegm

Reverse TR

(©) Bysurf

X
=3

& @
Blank Surf
#°

MovCop  Solid

Offset GeoTol
ig -
5
@ =
Normal Model

eI EleTol

L2 ] =
DupNod ﬁJ
Post

NodEdit Ms
MS

E\i‘fit Q?'

% MdChk
Measur ﬂ%

Favorl

Morph
257
&

Smaooth

EdgFac
%

Region

TbvnaAa

MORE NORDIC




*SET .., *BOUNDARY ..., *INITIAL ...

Boundary conditions and initial conditions are the same as for 3D
Segment loads in 2D is applied on an element edge
Use the entity creator and propagate to select the element edge.

Sel. Segrments(0) ==
(@) Pick Bon In Adjacent BryNode
b W Bres . Chrt
EeuR fi ONh D OF @ @ Area Prao ut Arcach OE,VEbp— :
- Application e Poby Circ OB\'F’E'T h
ig:;d;‘r:m SSSSS Title(Optional) Seli Frin g::_c Clear BviGPart rE,|
ggggg ct ‘ H ‘ Sphe Plzn Save BvSi - artD lid
aaaaaa DAL DAZ  DAZ  DAd - -
- Databs - — o IGn
pone 00| oo oo oo 'DI:I YPe =i (D) Bys=tiGrp Displaly Ggoi'l'a\
Element: N § _ ByEdge L S
- Initial [] Segment Attribute: '_”EW! Dessieat ©I: guesin R:;:hlk @
Integration ==
— Activ By Curve R;":m Mol
T BySud o7 H Repeated Data by Button and List
o Egu\
i O 5
e Nl|= N2/® N3|= h4|= Al A2
ssssss MS
o = 128 65 65 65 0.0 0.0
Favor
N Rev &
pply ce
1 (sub:1)
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Materials, contacts and forces

Materials
In most cases use the same materials as in 3D.
In case of anisotropic material models switch to MAT_24.

Contacts
2D AUTOMATIC NODE TO SURFACE
2D AUTOMATIC SINGLE SURFACE Input as —
2D AUTOMATIC SURFACE TO SURFACE | *SET_PART LA RICHOn
*CONTACT 2D RAUTOMATIC SINGLE FACE ID
S# cid B - title
4 / /
S# sids sidm sfact freqg fs fd dc
1 0.200
5# tbirth tdeath 505 SCm nds ndm cof init

Forces input/output
Plane stress/strain: force per unit thickness
Axisymmetric ELFORM=14: force per unit length in the circumferential direction

Axisymmetric ELFORM=15: force per radian
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Plane strain loading

Force

10.000 N/mm

*LOAD

__Total force

thickness

Pressure

N

14.236 mm

*LOAD SEGMENT = Pressure

N
7

500 MPa

N

12.246 mm

Y-stress

-7.000e+02

-7.003e+02
-7.007e+02
-7.010e+02

-7.013e+02
-7.017e+02
-7.020e+02
-7.023e+02
-7.027e+02
-7.030e+02
-7.033e+02

-7.037e+02 :I
-7.040e+02

Y-stress
-4.999e+02

-4.999e+02
-5.000e+02
-5.000e+02

-5.000e+02
-5.000e+02
-5.000e+02
-5.000e+02
-5.000e+02
-5.000e+02
-5.000e+02
-5.00091-02:'
-5.000e+02

Conact Force [N/mm] (E+3)

-10

—10.000
14.236

= —702.444 MPa

0 2 4 6 8
Time [s] (E-03)

Contact Id

=A_SI1

500%12.246 = 6123 N/mm

NOR

DI1CcC

[N/mm] (E+3)

Force

I | | I I
2 4 6 8
Time [s] (E-03)




Axisymmetric loading - ELFORM=14

Force

Total force
Rm

*LLOAD =

Pressure

YF =2500 N/mm

Y-stress
-2.443e+02

-2.444e+02
-2.445e+02
-2.446e+02

-2.447e+02

-2.448e+02
-2.449e+02
-2.450e+02

-2.451e+02 _
-2.452e402 _
-2.453e+02

-2.454e+02 :I
-2.455e+02

*LOAD SEGMENT = Pressure

S
-5.002e+02
-5.002e+02
-5.003e+02 A

-5.004e+02

-5.004e+02
-5.005e+02
-5.006e+02 |

+5.006e+02 _
-5,007e+02 ]
-5.008e+02

+5.008e+02 :I
+5.009e+02 i

. 11.6255mm

—2500 *10.23 * 3.1415

= 244.4MPa

T*10.232

25

Force [N/mm] (E+3)

500 * 17 * 11. 626~

11.626 xm

= 5813 N/mm

Force [N/mm] (E+3)
w

Time [s] (E-03)

6




Axisymmetric loading - ELFORM=15 = 557.8MPa
40.000 N/rad Y-stress 1+ 11.9756°
-5.550e+02 .
FO rce -5.558e+02 9
-5.567+02 ~
-5.575e+02 _ e \\
-5.583e+02 _ i N
-5.502e+02 _ ; 20
__Total force -5.600e+02 _ g ~
*TL,OAD = - -5.608e+02 _ f \\
-5.617e+02 _ § AN
-5.625e+02 _ \\
-5.633e+02 40 (
-5.642e+02 Time [s] (E-03
PreSSU re < 11 '975—6 mm -5.650e+02] e
500 * 77 + 11. 6267
= = 33790 N/rad
500 MPa Y-stress ‘
v )
*LOAD SEGMENT = Pressure Doy i
11.6255 mm L e

—40.000 =« 2w
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Masses reported in d3hsp

Masses
Plane stress/strain: masses are reported per unit thickness
Axisymmetric: masses are reported per radian

Eoe e i e e o o e e i e e e e o o e e e e o e e e i o o e e e e i e o o e e e e e e ol e e e

NOTE : For 2D axisymmetric problems the following
masses are reported per radian.
For 2D plain strain/stress problems the
masses are reported per unit thickness.

SUummary of mass

part id = 1 mass= 0.13048125E-03
part id = 4 mass= 0.10718788E-02
part id = & mass= 0.10718788E-02
part id = 2 mass= 0.16696606E-03 rigid body
part id = 5 mass= 0.42347945E-03 rigid body
part id = 3 mass= 0.620549585E-03 rigid body

total mas s 0.34852345E-02
x-coordinate of mass center 0.21127326E+01
y-—coordinate of mass center = 0.11164410E+02
z—coordinate of mass center =-0.19288202E-17

A R A S S A AR A R AR A A AR AR A A AR AR R

TbvnaAa

MORE NORDIC



Results

Reflect results in LS-PrePost
Model > Reflect > Reflect About YZ Plane

1.000e+00 _|
8.000e-01 _|
6.000e-01 _|
4.000e-01

2.000e-01 :I
0.000e+00

3 MdChk
ReflectModel 2 | | [

- Views h—;ﬁ
@) First Favorl
i &
() Second PtColor
Coordinate System ‘*‘,‘
Global Appear
Anotat
|25
Splitw
Explod
| || Reflect About XY Plane m 'ht
Reflect About YZ Plane Iy
=
[ Reflect About XZ Plane Fatngi
"
a
Trace
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2D stress evaluation in LS-PREPOST

Stresses are output in the global coordinate system
Plane strain

m Stresses follows the global axis f
Axisymmetric

Y-stress Z.stress
X-stress 5.902e+02 1.0560+03
:.Zg:e:zz 5.419e+02 :I 1.004e+03
e 4.846e+02 _| 0.5236+02
4.009e+02 | 42730400 o -
3.519e+02 _ - _
3.020e+02 _ I 3.700e+02 _ 8.485e+02 _
+ +
oy = O v e e
2.050e+02 .
O' f— O' 1.561e+02 1 1.980e+02 1 6.927e+02
2 Z L.X 1.071e+02 | 1.407e+02 6.408e+02 _|
—_— 5.813e+01 8.336e+01 5.889e+02
O-Z — O-y 9.171e+00 2.605e+01 5.370e+02
-3.979e+01 -3.127e+01 4.851e+02
-8.875e¢+01_| 8.859¢+01 _ 4.331e+02 |




Axisymmetric/Spherical coordinates - LS-PREPOST

In LS-PREPOST local cylindrical or spherical coordinate systems can
be used to plot the stresses and strains.

X, Y and z stress
Import the keyword Create a local Select user under isnow r,¢ and z
file into the post- coordinate system Fringecomponent

. . » FriComp RefG
rocessing session M Appicin_setings_1ir thetastress user localaxes) (1 e
Fringe Component x + U
1'DEDe 03 FriRang Curve
— Dynain 1.008e+03 > &
File Misc. View Geometry FE! O-r O-x y-stress History  Surf
New O SPH/Particle R | Zstress 9.352e+02 | 2 @
Open > L5-DYNA Binary Plot Ctrl+B (O Discrete Sphere Element — Result g—st::ssss 9.030e+02 _ XYPlot  Solid
Import > LS-DYNA Keyword File Cr+K (O Thickness Scale Factor O- — O-Z X-stress 8.50764+02 E:j
Recent > LS-D¥NA Keyword+D3plot O Fringe Scale Factor <p Strain effective plastic strair 0 € — ASCII  GeoTol
Time History Files > . @ 2Positi 02 = pressure B o
Save ’ (®) Local Coord System ZEUY Misc Von Mises stress e g
Save As > St S | O' —_— O- Tresca (max shear st Dynan | [xstiess " Mesh
Pl ® Whole O Part OriginPos Flastic | 1st principal stress - > =
il Ndv z-5tress -
U2z Gkl Project File Ctile) Z y | 2nd principal stress y-stress e
Run LS-DYNA i X 0 Bea 3rd principal stress Result  |yz-stress Tt
nterface Force File thell thicknass Y eatran -
Print... Ctrl+P GES File ¥ 0 SPH SHERT] | ffecthe plactc sta Trace
Movie... Ctrl+M STEP File DES Misc Von MIS(ES strehss S'EE
2 Tresca (max shear st|
Exit... Ctrl+X Rlactmnide 2 I:I et EBSHC |15t principal stress -
Nastran+pch File Earming | |2nd principal stress "
Save and Exit P Position [I— L 9 Bea 3rd principal stress Particle
Lsplot File | shell thickness
Cart | Sph FLD SPH im -
Others > ) ®oy Osp X [1 X |o — = ‘Ei
Solutions > Import Create Unset - By, Favorl
’ v [o v [o User — Y
] utpul
Keyword Input File Apply Clegar Reset | Z |0 Z |1 = 5
.Ax' ; | User Vector
Is this the same model as the d3plot file Uthe s e | i SR LsDA s
| FLD
Title: < > ‘\]ﬁ'
| intoe 1|
Yes MNo Coord ID: o | preea BotDC
1 Frin  ~|[intet 3
Create Coord T b 4 CEG
User
L ~
Done Tanee d3plot =
Elern Done Done
U Glnh
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From 2D results to 3D results

Using the dynain file and the mapping functionality in LS-PREPOST,
it is possible to generate 3D results from a 2D simulation

Import the dynain and create 1
row of solids using shell spin.

@Pk QB (0n Adjecent ByMode

8 - 8Dmx o | Oyeen
Poly (e @syee

Osei Orn B = lepss
Osebe OPan S | eyt

L Lsd | Oyseder
[[Jtebel selection []30Serf [JEntre | Dessleat VE:
[JPros [JAdes #ns| 5 Whoe

-
Osypatn
ays:

Reve= | Obysuf

Ogeam  Oshel @ soid

Element ID:
818 || New EID
Part ID: [Jpick P
[IHew node:
1102 New NID
Sold By:| shell_Spin &2
Angle

Segment.

Posttion Direction

x L9
z IL_9

Creste | Reject || Accept

Done

Il g

ShapeM RefGeo

@ Y

AutoM  Curve
SolidM  Surf
slodM  soid

Ly

NLneM  GeoTal

@

2DMesh

3
EleTal
=]

Post

cecen MG
° MS
ey

MocEdit  —if
Favorl

EleEdit
)
Nurbs
o

MassTm

Spotd

SphGen

DiscGen

Map results from the shell mesh
to the solid elements

b nn:-u:': PRIy
E H |
verse
2DMesh
Mesh
Ay =
P& j
TetraM -
i
@) Shel to Solid Ban L
O Solid to Solid m §'|
(O Shell to Shell Bukf
(O Solid to Shel
EleGen Ms
Target IPs: . s
O Scalar to His.var. il h:‘j
Browse Favor1
O From Parts EleEdit

%

O To Parts
Nurb:
[JFully Integrated :‘ré
: £
O side 1 A
@ Side 2 -
£
*INITIAL_STRESS MassTm
Plastic Strain ==
W
Thickness Spotid
[ History Variables i
SphGen
From To ® &
DiscGen
pus
o
MSMesh
Map

i

Copy the elements using
element tools transform

8.511e+02 _

Transform X L
Offset
O Transform O Reflect En
() Transkte (O Project Transf
(® Rotate O sale &

Airbag Shel RefGM
Airbag Node RefGM

Rotate Model
[ Free Edit a4
Rot. Axis: Y v Duptiod
Pick Origin
o < NodEdit
NodeID:
XYZ: goo
EleEdit
Rot. Angle: 5 %\
(® Global OLoal Measur
Coord Sys E&\\’
Morph
23
&
Smooth
Rotate- Rotate+ o3
PETrim
Options “@
%
Copy Elem Copy Mode PiTrav
[] Copy Entity ]

Orare || |
Starting EID: 15524 Region
Starting NID: 36064

[ Transfer

Refect || Accept

-
Solid

<

GeaTal

Favorl




Application - Axisymmetric: Map 2D detonation to 3D

2D - fine mesh

ls-dyna i=main_2D.k|map=2dto3d

000000000

1.053e-02 _
9.040e-03 _
555555555

4,570e-03 _
3.080e-03
000000000
0000000000

Final step

3D - coarse mesh

*INITIAL ALE MAPPING
ls-dyna i=main_3D.k|map=2dto3d

1.500e-02
1.351e-02
1.202e-02

3.080e-03
1.590e-03
1.000e-04

Initial step

1.053e-02 _
9,040e-03 _
7.550e-03 |
6.060e-03 _|
4,570e-03 _|




Adaptivity in 2D

Adaptivity is powerful for modeling large deformation problems to avoid mesh
distorsion.

Adaptivity in 2D is based on remeshing where a completely new mesh is generated
and the results are mapped

Remeshing is triggered by time increments

Nodal constraints are lost.

Use *CONTRAINED GLOBAL or *CONSTRAINED LOCAL for constraints
Define movements by *PART not by *NODE .. or *SET NODE

[T ] \ITT
|

I
T
[N NN

+
+
|




Adaptivity in 2D - *CONTROL ADAPTIVE

*CONTRCL ADAPTIVE

S# adpfreqg adptol adpopt maxlvl thirth tdeath lcadp ioflag
0.30 0.1 g8 3
S# adpsize adpass ireflg adpene adpth MEMOoOry orient maxel
5# ladpn@0 ladpgh ncfred ladpcl adpctl cbirth cdeath 1clvl
1
S# cnla

adpfreq: Time interval between remeshing
adptol: Characteristic element size

adpopt: 8 is r-adaptive remeshing for 2D shell elements.
-8 self contacting material will not be merged.




Adaptivity in 2D - cont.

*PART

S# title

Steel Rivet

S# pid secid mid eosid hgid grav adpopt tmid
1 1 3 2

adpopt:2 activates r-adaptivity for that part

*PHRT_EDEPTI?E_FBILURE
=3 ; pid t
ul 0.10

Allows for a part to split into two parts. Useful for modeling failure.

pid:Part id to which is applies
t : Minimum thickness before it is split into two parts. Should be in the order

of the element size.




Application - Axisymmetric: Self-Piercing Rivet

Effective Plastic Strain
0.000e+00
0.000e+00
0.000e+00
0.000e+00 _|
0.000e+00 _

0.000e+00 _|

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

Contours of Effective Plastic Strain
inner shell surface
min=0, at elem# 1940

Ly
)

,'_
L
e

7l L |
0

L.
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Conclusion

2D simulations can be done using implicit/Explicit, mpp/smp,
Lagrange/Euler/ALE and CFD

The modeling is done in the x,y plane and in the axisymmetric case with the
y-axis as the symmetry axis.

2D has its own contacts, otherwise use regular keywords and materials

Input/Output of forces and pressures are treated different depending on the
choice of element.

It is possible to convert 2D results to 3D results either by using LS-PREPOST or
functionality in LS-DYNA (ALE).

2D adaptivity is based on remeshing




Thank you!
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