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Introduction ‘ LS-DYNA Implicit

« The purpose of this tutorial is to introduce new users to the basics of LS-
DYNA Implicit and to convert an existing explicit model to an implicit one.

« For demonstration purposes, the Oasys pre- and post-processing software
(PRIMER, D3PLOT and T/HIS) are used although any software that supports
LS-DYNA can be used (i.e. LS-PrePost).

Steps covered:

* Review LS-DYNA explicit model and results of cantilever beam, which is
fixed at one end and subject to point load at free end.

« Submit eigenvalue analysis to check and eliminate rigid body modes.
« Submit linear static analysis.
» Verify results against hand calculations.

An incomplete input deck is provided: linear static_explicit.key
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Pre-Processing: PRIMER Environment LS-DYNA Implicit

Quick-Pick Control

. Manipulation Tool
Controls the mouse action when anipulation Tools

applied within the graphics area. Provides access to

I PRIMER specific
functions.

E PRIMER 14.0 - 64 bit (build 20294) , Licensed to : Ove Arup (AT&R

—P File Keywords Tools Display Images Viewing Options  H] + PART (any type) v Key in

This provides access to
the Keywords that are
supported and can be
edited by PRIMER.

Graphics Area

Area within which graphics are
drawn.

Open Menu tabs

These control  which
option is displayed in the
current  menu  panel.
Model and Part Tree will

Apply  Incdeclash  Scanal  Quicksean

FE e [ always be available in
- NASTRAN e
Sraposs et B R addition to selected
- ABAQUS *INCLUDE files t
S s gz | OPUO7S

, o e A

L. Fie: [ |

Current menu panel

"Current Menu Panel"
Displays the menu for the
option currently selected
by the menu tabs.

Viewing & Drawing Commands

Area for command-line input and output, Provides all aspects of view control: direction, perspective,
also acts a listing area for messages. scale, etc. Contains the drawing commands and their settings.

Slide 2 Oasys Ltd

The Software House of ARUP



Model Description: Cantilever Beam Analysis LS-DYNA Implicit

Cantilever beam (I section) modelled in shell elements, fixed at one end

*CONSTRAINED_NODAL_RIGID_BODY_SPC A [ E = 205000 N/mm? )
L =2000 mm
= tw =4 mm .
£ Density = 7.85e-9 T/mm?3
N~
S Pr=0.3
1
- 4
ge) P \Iy 46902000 mm /
L.
. \ 4
[ Load Case: 2.5kN Point Load } : < >
N b=76 mm
Hand cSaIcuIatlon: Tip Deflection Hand calculation: Max Bending Moment
d=i(1+ﬂ)wheref= My, = P - L = 2500 - 2000 = 5¢6 Nmm
I 3EI GAL? S Aweb
L 3LELY  2.5-2000° < 3. (16328/, . )-20500- 4690200) - -
d: = 3E1y< GAL2 > = 3.20500- 4690200 \' 7.88e* - 1632.8 - 20002 =13.9-(1+0019) =7.07mm
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Model Description: Cantilever Beam Analysis

*CONSTRAINED_NODAL_RIGID_BODY_SPC

LS-DYNA Implicit

~N

/E = 205000 N/mm?

E tw = 4 mm L =2000 mm
N Density = 7.85e-9 T/mm3
—
I Pr=0.3
©
tf=7.6 mm P=2500N
- \I =46902000 mm?* /
0o y
LS-DYNA Explicit Model < 5
b=76 mm
*MAT ELASTIC_TITLE 100 :
Steel 1
S: mid ro e pr da db k 0.80 --t--
1 7.85E-9 205000.0 0.3 0.0 0.0 0.0 = 1
*SECTION_SHELL S 0604 T
83 label elform shrf nip propt qr icomp setyp g 0.40 - 1L
1 16 0.0 5 1.0 0.0 0 0 v :
Sk tl t2 t3 t4 nloc marea idof edgset 0.20 - T -
7.6 7.6 7.6 7.6 0.0 0.0 0.0 0 !
0.00 } } } 4 } } } } }
5 0.00 0.20 040 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
S: label elform shrf nip propt qr icomp setyp Time (s)
2 16 0.0 5 1.0 0.0 0 0
83 tl t2 t3 t4 nloc marea idof edgset 1 ?
4.0 4.0 4.0 4.0 0.0 0.0 0.0 LCID
*PART
Flange *LOAD NODE POINT
83 pid secid mid eosid hgid grav adpopt tmid $:nid/nsid dof lcid st
2 1 1 0 0 0 0 0 1277 3 1 -2500.0
$
*PART
Web
$3 pid secid mid eosid hgid grav adpopt tmid
3 2 1 0 0 0 0 0
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Model Description: Cantilever Beam Analysis

*CONSTRAINED_NODAL_RIGID_BODY_SPC

LS-DYNA Explicit Model

£
P

127 mm

d=

LS-DYNA Implicit

tw=4 mm
tf=7.6 mm
L.

/E = 205000 N/mm? \
L =2000 mm

Density = 7.85e-9 T/mm3
Pr=0.3

P=2500N

\Iy=46902000 mm# /

Resultant Displacement
0.000
0.543
1.087
1.630
2173
2.716
3.260
3.803
4.346
4.890
5.433
5.976
6.520
7.063

Displacement {mm)

Vo

2000000

8.00

FR I e i

5.00 H

5.00 4

4.00 ~H

3.00 1

2.00

Beam Theory & 7.078¢

0.40 0.60

080 100 120 140 160 180 200
Time (s)

Displacement Magnifications: x50
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Explicit-implicit model conversion ‘ LS-DYNA Implicit

Recommended steps

¥,
v =

127 mm

d=

~

/E = 205000 N/mm?

L =2000 mm
W=4mm Density = 7.85e-9 T/mm3
Pr=0.3
P =2500N
\Jy=46902000 mm#* )

\
y

b=76 mm

Submit eigenvalue analysis to check and
eliminate rigid body modes

— Set up recommended *CONTROL
*DATABASE_, and *SECTION cards
for implicit analysis

— Set-up specific eigenvalue analysis
*CONTROL_ cards

— Submit the analysis

— Check the results and compare
against analytical solution

Submit linear static analysis
— Setup implicit load case
—  Submit the analysis

— Check the results and compare
against beam theory
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Explicit-implicit model conversion ‘ LS-DYNA Implicit

Recommended steps

127 mm

d=

¥,
v =

Submit eigenvalue analysis to check and
eliminate rigid body modes

Set up recommended *CONTROL
*DATABASE_, and *SECTION cards
for implicit analysis
Set-up specific eigenvalue analysis
*CONTROL_ cards
Submit the analysis

Check the results and compare
against analytical solution
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Recommended Control/Database Cards LS-DYNA Implicit

Eigenvalue Analysis

For an implicit static analysis to solve there must be no rigid body modes in the model. If rigid
body modes are present these must be eliminated by adding suitable restraints to the model.
For this reason the first step in running a static analysis should be an eigenvalue analysis.
Capturing the first 20 modes is more than sufficient.

Disable all *CONTROL cards in explicit input deck and activate the following:

$
*CONTROL TMPLICIT GENERAL
$: imflag dto imform nsbs igs cnstn form Zero v
1 0.0 0 0 0 0 0 0 _ . ..
s » Turn on implicit solver
$*CONTROL IMPLICIT EIGENVALUE
S: neig center lflag lftend rflag rhtend eigmth shfscl
20 0.0 0 0.0 0 0.0 0 0.0 _ .
$: isolid ibeam ishell itshell mstres evdump mstrscl 1 Set number of elgenvalues to solve for
0 0 0 0 0 0 0.0
*DATABASE FORMAT
$: iform [ibinary > 32 bit output files
0 1
S e
*DATABASE BINARY D3PLOT Set a higher D3PLOT output than
8 od'; lCdg “Obea‘g npltg Psetlg you would for an explicit analysis.
. > Make sure you capture any key
points in the analysis.
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Recommended Control/Database Cards ‘LS-DYNA Implicit

Eigenvalue Analysis

For an implicit static analysis to solve there must be no rigid body modes in the model. If rigid
body modes are present these must be eliminated by adding suitable restraints to the model.
For this reason the first step in running a static analysis should be an eigenvalue analysis.
Capturing the first 20 modes is more than sufficient.

Disable all *CONTROL cards in explicit input deck and activate the following implicit cards:

Click ‘CONTROL’ in the Oasys PRIMER Keyword panel and then ‘Modify’
Under ‘Control Categories’, select ‘IMPLICIT’

RowhCol 1 2 3 4 ] B 7 8

IMPLICIT EIGENVALUE Set.. | Copy.. |M1 <Master file> m

Control Categories

NEIG CEMTER LFLAG LFTEND RFLAG RHTEND  EIGMTH  SHFSCL

STANDARD i

i i i i i
THERMAL ISOLD  IBEAM  ISHELL  ITSHELL MSTRES EVDUMP MSTRSCL
FORMING 2

OTHER

IMPLICIT_GEMERAL Set... Copy.. M1 <Master file=
| ) o cony ]

IMFLAG IMFORM NSBS CNSTN FORM ZERO_W
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Element Formulations: Implicit ‘LS-DYNA Implicit

Particular element formulations ( on the *SECTION cards) are recommended for

implicit analyses to give the most accurate results.

Linear Analyses (including eigenvalue)
« Solid Elements — Element formulation type 18 (20, 21, 99)
« Shell Elements — Element formulation type 18 (20, 21, 99)
« Beam Elements — Element formulation type 13

[+ [ 7 )

MODIFY SECTION M1/SECT1

Wiew Xrefs Check Defn Only
=
Include: |M1 <Master file>
Moel Part tree \L NODE \CURVE |

Modify SECTION section 1 {model 1)
hi1:Main file

Type:  SHELL -
RowACoI 1 2 3 4 5 6 7 B
SECID SHRF PROPT QR/RID  ICOMP  SETYP Apply [ MODIFY secton M1/SECT! |
1 || =eLEcT sEcTion [l
1 -mmnn A1 vone 14 o
P m P =

NLOC MAREA IDOF EDGSET

ﬂmmmmm o IR

Oasys Ltd
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Element Formulations: Implicit ‘ LS-DYNA Implicit

Rather than modifying an existing explicit model the
options in the *CONTROL _IMPLICIT_EIGENVALUE card can be used to automatically reset

the element type. l
Note: As long as =0 on the *CONTROL_IMPLICIT_EIGENVALUE card LS-DYNA will not
run an eigenvalue analysis.

Example

*CONTROL_IMPLICIT_EIGENVALUE settings for switching all solid elements to formulation
23 and all shell elements to formulation 16:

— CONTROL BE_ X
[ Mech
| EM
‘ CONTROL cards {mods! 1) | | *CESE
Include: ‘nm <Master file> |g _| "icFD
IMPLICIT_EIGENVALUE Set.. | Copy. ‘r\m <Master file> ‘ g
NEIG ~ CENTER  LFLAG  LFTEND  RFLAG  RHTEND  EIGMTH  SHFSCL
1

ISOLID IBEAM ISHELL [TSHELL MSTRES EvDUMP  MSTRSCL
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Pre-processing: Saving the model LS-DYNA Implicit

 To save the model click ‘Model’ and then ‘Write’.

» Define a file path and name (linear_static_eigv.key) and
then click ‘Next” and finally click ‘Apply’, to write the file.

» The written keyword file can now be submitted to LS-DYNA.

Y

== |5-Dyna output options

Pre-output check (madel 1) | [T LS-DYNA 0
Options [ Opfians2 [ Compress | I NASTRAN wersion: R11.0.d Mol Mo: Tile
Yersian Ri1.0dev M Small format P - IDEAS Labels - Small
3 . | PATRAN Cgmpr Mone m Crush Tube Example

Includes Data not written | [NCL <: | ABAGUS Mode:  Ascil <j o -
In sub-rirectory ealie | PTF/ c3plot Advice
MErge -= Master Relative _| DesignLink =spare ==
Select files Mative =zpare .
taster file anly Unix File:
== master dir Windows SEpare =

¢ SUDDT’ESS reference to unscanned includes SE[Ere ==

v Write existing “INCLUDE_PATH

[ASCI keyword file, uncompressed)
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Solver: Submit LS-DYNA job LS-DYNA Implicit

* In Oasys SHELL, select the following settings: .
 Double Precision: Double precision (DP) use 64 bit | Fens
storage and is useful when extremely small '
deflections or long event times are expected. s 3 e
Recommended for implicit analyses. = p—
« MMP: Massively Parallel Processing (MPP) allows
users to run the LS-DYNA solver over a cluster of .
machines or use multiple processors on a single R
machine. Recommended for implicit analyses. —
« \ersion: Select the desired SMP LS-DYNA version E=wc
installed on the client machine. e ] o—n—
. P —Paralel Ontinns ————
 Number of CPUs: 4 cores is sufficient here. Mmbretcris: 4 2Ll st 7 on ) ore
()
* Input File: Navigate to the LS-DYNA input deck T
¢ it R e
° C“Ck SmeIt . Batch Queue MEMORY LIMIT : 15000000
Zeueﬂu;::uns. lﬂueue - 4CPuL|Nu::n—ar| = Lm:t‘ e
For best implicit performance, it is important to P —
provide enough memory to allow the stiffness matrix [ e —————
- - - _| Run REPORTER after analysis Options
factorization to run in-core sy e
Submit ! Reset | StatussKil Cancel
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LS-DYNA Implicit

Eigenvalue Analysis - “eigout” file

Run the analysis in LS-DYNA and check for rigid body (zero frequency) modes in the
“eigout” file, see below.

Check for frequencies at or near zero

problem time = 1.00000E+00
(all frequencies de-shifted)
| —=————= frequency ----—- |
MODE EIGENVALUE RADIANS CYCLES PERIOD

1 6.915707E+03 8.316073E+01 1.323544E+01 7.555472E-02

2 5.298313E+04 2.301807E+02 3.663439E+01 2.729676E-02

3 5.618522E+04 2.370342E+02 3.772517E+01 2.650750E-02

4 2.678063E+05 5.175000E+02 8.236269E+01 1.214142E-02

5 8.222794E+05 9.067963E+02 1.443211E+02 6.928993E-03

6 1.842911E+06 1.357539E+03 2.160590E+02 4.628366E-03

7 2.029133E+06 1.424476E+03 2.267125E+02 4.410873E-03

8 3.998877E+06 1.999719E+03 3.182652E+02 3.142034E-03

9 6.946053E+06 2.635537E+03 4.194587E+02 2.384025E-03

10 7.207740E+06 2.684723E+03 4.272870E+02 2.340347E-03

|:> A w = VA f=o0w/2n =17 %

The modes are output to the “d3eigv” file which can be animated in Oasys D3PLOT.
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Post-processing: Oasys D3PLOT

Top menus

Allows access to basic options, keywords
and tools, in a drop-down menu format

7% D3PLOT 14.0 De

BT — 1] ] 0] UL HLSHCTILG] S1ICL 15 [VE]
D3FLST 1909 : Large Test 9 Belted sled test

Quick-Pick Control

Controls the mouse action when
applied within the graphics area

LS-DYNA Implicit

Tools

T/HIS link

Provides access to D3PLOT
specific functions

Graphics Area

Area within which
graphics are drawn

| Dsta Part Tree

fSeanr [Scaer2 [ Ve | ver IR
[V Scalar 1 Active Scalar 1 Options...

Category s
Component H_DIR TRESS T
Contours Ao all Madlum Options
Mz & hin (NU max/min shown) v | Options
Enwelope OFF Options
Surface IDOLE surfscy | ALL onplan +
Ref frame : @ Options
Magrtte: [rer oo o |
Op_tlons

Averagmg | ON v Aftribut

an Plats |[Princ Plots: rMam

LEVE‘S Limiting val|[Resolution [Vec Piots |
#evels Contour Ramp v n
6

Ao all frames
-1 Auto each frame
4
a

=auto=
=auto=
=auto=
=auto=
=auto=
=aLta=
=auto=

hax + hin
User def

IIEIkI

s _| Display all exponert
P e
Exponent 3 #
Dec. Places 3 #
000000000

4| I > 0.0000E+00

File 4 Anim A Draw  f

Dialogue & List area

Viewing & Drawing Commands

Area for command-line input and output,
also acts a listing area for messages

Provides all aspects of view control: direction, perspective,
scale, etc. Contains the drawing commands and their settings
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These control which
option is displayed in the
current menu panel.
Model and Part Tree will
always be available in
addition to selected
options

Current menu panel

"Current Menu Panel"
Displays the menu for
the option currently
selected by the menu
tabs

Controls states and what
is displayed during
animation
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Post-processing: Read in d3eigv file ‘LS-DYNA Implicit

* Open the d3eigv file from the run directory in Oasys D3PLOT.

« Note: Eigenvalue analysis is a special and the usual d3plot/ptf file will not display any
results

« Animate the results and check the mode shapes of the beam.

Contour plots

Position the slide on the state number

S L[ s Natural frequency
Anim: (auto aiy | 9| 10 |ieted] 1| 1 0| E

<

File / Anirm / Draw |

Animate results

Resultant Displacement
0.00
7.71
15.43

23.14

30.86

38.57

46.29

54.00

61.71

69.43

77.14

z
X X

| A
13.235441 Hz (Phi:  0.0) 13.235441 Hz (Phi: 0.0)
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Eigenvalue Analysis - “d3eigv” file

o

appear)

4 This is because the\
beam has been
suitably restrained.
(Try removing the
SPC: rigid modes will

J

D3PLOT: LS-DYMA eigenvalues at time 1.00000E +001
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Mode 1 — 13Hz

Mode 2 — 37Hz

&l
J6.634386 Hz (Phi: 0.0)

Mode 3 — 38Hz
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‘ LS-DYNA Implicit

Eigenvalue Analysis — Hand calculation

4 _ N\ )
A Hand calculation: 15t Natural Frequency E = 205000 N/mm?2
18752 |_EL L =2000 mm
' 4
f, = 2—"‘“ Density = 7.85e-9 T/mm3
T
£ w=4mm \_ J J
5 2
I 1 1 119.4
ey . 2 = — . 3 . —_— . 3 . —_— e 4
° L, = Z(Iyl + Ad,?) 54 1194° +2 (12 76 -7.6% + (7.6 76)( 5 ) ) 4690200mm
Z
L 1.8752 iﬂ » [ 205000 - 4690200
v Y ' pAl*  1.875 \/ = : 7
£ = - _ 7.85e 27T1632.8 2000 _ 20 317N/

- b=76 mm

2 1 3 1 3 4
I, = Z(Izi +A4dy") = 5119447 + 2+ 557.6- 76" | = 556673.07mm

I 205000 - 556673.07
1.875% L 1 8752\/
Al* : -9. . 4
fi 5 p 7.85e _ 1632.8 - 2000 13.2Hz\/

Oasys Ltd
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Explicit-implicit model conversion ‘ LS-DYNA Implicit

Recommended steps (E=205000 Nimm2z

1 L = 2000 mm

= tw =4 mm Density = 7.85e-9 T/mm3

: Pr=0.3

n P =2500 N

°© f=7.6 mm \,=46902000 mm )

L.

A 4

\
y

b=76 mm

Submit linear static analysis

— Setup implicit load case and
boundary conditions

—  Submit the analysis

— Check the results and compare
against beam theory
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Linear Static Analysis: Output forces ‘ LS-DYNA Implicit

When running a static_analysis_either linear or non-linear it is often useful to
request output to the “binout” file so that the boundary forces can be checked
against the applied load. If there is an imbalance then the results are likely to be in
error.

Restrained nodes
» Output to “spcforc” file or
» Qutput sets of nodes to “nodfor” file

Rigid Parts and Nodal Rigid Bodies

» If these are restrained then at present it is not possible to get the restraining
forces output.

« To get these forces the restraints must be replaced by:
« *BOUNDARY_PRESCRIBED _MOTION NRBC and
» Setting the “scale factor” to zero
« Turn on output to the “bndout” file
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Linear Static Analysis: Output forces LS-DYNA Implicit

*BOUNDARY_PRESCRIBED_MOTION_NRBC

TEMPERATURE
THERMAL_BULKFLOWY
THERMAL_BULKNODE

a
0
0

ACOUSTIC_COUPLING
ACOUSTIC_IMPEDANCE
ACOUSTIC_MAPPING

o o

(0]
(0)
{0}
{0}
{0}
(0]

ALE_MAPPING THERMAL_WELD 0

AMBIENT 07 |[THERMAL_WELD_TRAJECTORY 0

AMBIENT_EOS o) |USA_SURFACE 0

CONVECTION 0

COUPLED Keyword: MUBOUNDARY _PRESCRIBED_MOTION |mn -lJl xl

CvCLIC AN RESET_ALL %Egrrﬁ_jatg

ELEMENT_METHOD = e A

At | Keyward M1 PRESCRIBED_MOTION (6/0 mad | o £

FREE_FIELD_GROUND_MOTI ] = (6/0 mod) layout=

pcoL Filter by: BOUNDARY_PRESCRIBED_MOTION <alto> | <auto> |

NOM_REFLECTING XA o o

DIE_WEH ATTLECTINE Suffices | 1D La| TTLE | NRBCREc| DOF || vab || LoD .| sF E

e Create MNREC ¢ T 0« 0 ¢ 0 ¢ 00
Saers|secion [T conTiCT i 1 rnRBEC_DD 101 Encastre - X 1401 1 2 3 00
ASCI PR_MOTIONBINARY  |HIST_NODE PR sy of of £ of of :

PRESCHIBED ACCELERONE 2  MNRBCIDY 102+ Encastre- ¥ 1401 ¢ e 2 ¢ 3 ¢ 00

3  MNRBCDy 103 ¢ Encastre-Z 1401 ¢ 3 ¢ 1 o 3 ¢ 00

PRESCRIBED_FINAL_GEOME 4 AREC D 08 pfEnessiE o | 190 o 8 ¥ 2 v 3 ¢y 08

PRESCRIBED. ORIENTATION. 5 PMNRBCIDv 105 ¢ Encastre- Yy 1401 ¢ I 2 o 3 ¢ 00

PRESSURE_ OUTFLOW 6§ FrNRBC_Dy 106 ¢ Encastre-zz 1401 o e 2 ¢ 3 ¢ 00

PP

RADIATION

SLIDING_PLANE

sPC

SPC_SYMMETRY_PLANE

SPH_FLOW

SPH_MON_REFLECTING

SPH_SYMMETRY_PLANE -

SYMMETRY_FAILURE @ |
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Linear Static Analysis: Output forces LS-DYNA Implicit

*DATABASE (ASCIl)_OPTION/*DATABSE_HISTORY_NODE

=] EDIT DATABASE_=asci option= in model 1 [ [ ImMER
ALE (0) .
ALE_MAT Check Defn
Include: |M1 <Master files | g
E 4
CPM_SENSOR ) | DATABASE_(ASCII) in model 1 |
S0 SOl (@ oy serecee [T I I I pREF | xTF
ENYELOPE (D) All ondort J DT BIM LCUR I00PT OPT1 OPT2 OPT3 OPT4
EXTEMT... ()]} ABSTAT |
FORMAT (1)) i
AVSFLT
FREQUENCY_ASCII (0) b
FREQUENCY_BINARY o [eoor  VEEIIEEEEEEE, |
Fg o CURNVOUT _
( ) DCFAIL L
FSl_SENSOR ()]} DEFGED |
HISTORY_BEAM (a DEFORC |
DISBOUT
HISTORY_DISCRETE (0) aaw ||
(1) GCEOUT ]
HISTORY_SEATEE ™ (0 ELSTAT
dpaterial|section CONTACT HaouT | | Keyword: W1 DATABASE_HISTCRY_NODE [ [ MBS
ASCII PR_MOTIONBINARY  |HIST_NODE HISTORY_SHELL (o AMAOES | CANC RESET ALL =
Q] HISTORY_SOLID () MATEM — = I HRRa=
LIPDA, (o | =1 CH_A
@l | e — N
HISTORY_TSHELL ) NCFORC ¢ B — | Weyword M1 DATABASE_HISTORY_NODE (1/0 mo) | |hyouE
NODFOR W/ vl d i ;
MASSOUT ) MonOUT % B TR ') DATABASE_HSTORY_NODE  <auto> | <auto> |
MODAL_FORCE_GROUP )] peSTAT | v X Al
PLLYOUT
PROFILE (0] e | I#] ¥ suices | D m) [1
PAP_QUTPUT L) RBDOUT Create P <none> o v
PWR_FLOW 0 RCFORC
_ (0 WO 1 Flnones ¢ 1120
PWP_OUTPUT (0) o
RCFORC_MOMENT (0) secFoRC |
RECOVER NODE (0 SLECUT
SPCFORC
SPRING_FORWARD ()]} SPHOUT |
SUPERPLASTIC_FORMING  (0) SRR )
SWFORC L |
TRACER (o TPRINT |
TRACER_GENERATE (0) TRHIST
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Linear Static Analysis: Control Cards LS-DYNA Implicit

*CONTROL ACCURACY s \
$ OSIlJ INI; PIDOSU IACZJ Turn on objective stress update,
TCONTROT WET 10 NODONT > |nvar|a}nt npde numbering and
*CONTROL MPP IO NOD3DUMP Imp|ICIt accuracy.
*CONTROL MPP IO NOFULL . g
*CONTROL MPP IO LSTC REDUCE i .
*CONTROL_ENERGY Remove excessive dump files
S HGEN RWEN SLNTEN RYLEN

2 2 2 2
*CONTROL HOURGLASS
$ THQ QH

6 0.10
*CONTROL_OUTPUT
SE npopt neecho nrefup iaccop opifs ipnint ikedit iflush

1 3 0 0 0.0 0 0 0
SE iprtf ierode tetl0 msgmax ipcurv gmdt ipldblt eocs

0 0 0 0 0 0.0 0 0
S tolev newleg frfreqg minfo solsig msgflg cdetol

0 0 0 1 0 0 0.0
$ 7777777777777 P
*CONTROLiI PLICIT GENERAL
$:| imflag dto0 imform nsbs igs cnstn form Zero_ v p
. - L.t 2 s 0 s £ £ Turn on implicit solver
*CONTROL IMPLICIT_SOLUTION

nsolvr ilimit maxref dctol ectol rctol lstol abstol X ,

1 0 0 0.0 0.0 0.0 0.0 0.0 Linear solver on: Don’t update
ok dnorm diverg istif nlprint nlnorm d3itctl cpchk stiffness matrix

0 0 99999 0 0 0 0
*CONTROL IMPLICIT SOLVER 4 )
$:| lsolvr lprint negev order drcm drcprm  autospc  autotol N Use solver 5 — OnIy solver in

3 2 0 0 0 0.0 2 0.0 |~ MPP, Get statistics
$ \ J
*CONTROL TERMINATION ( )

endtim endcyc dtmin endeng endmas nosol R Termination Time (Load step)
3.0 0 0.0 0.0 0.0 0 o setto 3.0
\ J
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Solver: .otf file (Analysis status file)

Open the .oftf file and look for: Error, Warning, t o t a 1, t
It's useful to look at this file while the model is running. (The messag
The .otf file contains:

* Generic information from reading the model in

» First allocation of memory

LS-DYNA Implicit

ermination, smallest, added

files can be useful too).

* Modelinitialisation (t o t a 1 masses, smallest timestep, contact surface timesteps (should be

less than model timestep), added mass, initial energy, ...)
» Information at each timesteps output files are produced for

« Summary of time taken for each part of the analysis (check it's reasonable).

Slide 24

100 smallest timesteps Timing dinformation
______________________ CPU (seconds) $CPU Clock(seconds) %Clock
element timestep Initialization ....... 4.7000E-01  0.01 5.09358-01  0.01
shell 27156 0.35129E-06 Element processing ... 4.0769E+03  47.79 2.0127E+03  47.58
shell 12452 0.35129E-06 Binary databases ..... 3.3946E+00 0.04 1.7572E+00 0.04
shell 3 et - — - ASCII database ....... 2.0024E+00 0.02 1.1212E+00 0.03
shell 5| slave surface of interface # 1 type= 13 o Contact algorithm .... 4.3704E+03  51.23 2.1756E+03  51.43
shell surface timestep= 0.761E-06 current minimum= 0.761E-06 Interface ID 1 3.4023E+03  39.88 1.6947E403  40.06
chell slave surface of interface # 2 type= 13 Interface ID 2 9.4749E+02 11.11 4.7645E+02 11.26
surface timestep= 0.761E-06 current minimum= 0.761E-06 Contact entities ..... 0.0000E+00 0.00 0.0000E+00 0.00
slave surface of interface # 3 type= 7 Rigid bodies ......... 7.7279E+01 0.91 3.8627E+01 0.91
surface timestep= 0.498E-06 current minimum= 0.498E-06 Implicit Nonlinear ... 0.0000E+00 0.00 0.0000E+00 0.00
master surface of interface # 3 type= 7 Implicit Lin. Alg. ... 0.0000E+00 0.00 0.0000E+00 0.00
surface timestep= 0.761E-06 current minimum= 0.498E-06 Totals 8.53058403 100.00 4.2303E403 100.00
The LS-DYNA time step size should not exceed 0.498E-06 Problem time = 5.0000E-01
Problem cycle = 1171653
Total CPU time = 8531 seconds ( 2 hours 22 minutes 11 seconds)
CPU time per zone cycle = 810 nanoseconds
problem cycle - 1200 Clock time per zone cycle= 402 nanoseconds
time = 1.2949E-03 Number of CPU's 2
added mass = 4.3690p—id — NLQ used/max 272/ 272
percentage increase =  2.7420| Deformable Spotwelds Start time  09/13/2010 16:53:41
total added spotweld mass = 1.3139E-05 End time 09/13/2010 18:04:50
percentage mass increase = 8.2451E-04 Elapsed time 4269 seconds( 1 hours 11 min. 9 sec.) for 1171653 cycles
Normal termination
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Pre-processing: Saving the model LS-DYNA Implicit

 To save the model click ‘Model’ and then ‘Write’.

« Define a file path and name (linear_static_implicit.key)
and then click ‘Next’ and finally click ‘Apply’, to write the
file.

» The written keyword file can now be submitted to LS-DYNA.

Y

== |5-Dyna output options

Pre-output check (madel 1) | [T LS-DYNA 0
Options [ Opfians2 [ Compress | I NASTRAN wersion: R11.0.d Mol Mo: Tile
Yersian Ri1.0dev M Small format P - IDEAS Labels - Small
3 . | PATRAN Cgmpr Mone m Crush Tube Example

Includes Data not written | [NCL <: | ABAGUS Mode:  Ascil <j o -
In sub-rirectory ealie | PTF/ c3plot Advice
MErge -= Master Relative _| DesignLink =spare ==
Select files Mative =zpare .
taster file anly Unix File:
== master dir Windows SEpare =

¢ SUDDT’ESS reference to unscanned includes SE[Ere ==

v Write existing “INCLUDE_PATH

[ASCI keyword file, uncompressed)
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Solver: Submit LS-DYNA job LS-DYNA Implicit

* In Oasys SHELL, select the following settings: .
 Double Precision: Double precision (DP) use 64 bit | Fens
storage and is useful when extremely small '
deflections or long event times are expected. s 3 e
Recommended for implicit analyses. = p—
« MMP: Massively Parallel Processing (MPP) allows
users to run the LS-DYNA solver over a cluster of .
machines or use multiple processors on a single R
machine. Recommended for implicit analyses. —
« \ersion: Select the desired SMP LS-DYNA version E=wc
installed on the client machine. e ] o—n—
. P —Paralel Ontinns ————
 Number of CPUs: 4 cores is sufficient here. Mmbretcris: 4 2Ll st 7 on ) ore
()
* Input File: Navigate to the LS-DYNA input deck T
¢ it R e
° C“Ck SmeIt . Batch Queue MEMORY LIMIT : 15000000
Zeueﬂu;::uns. lﬂueue - 4CPuL|Nu::n—ar| = Lm:t‘ e
For best implicit performance, it is important to P —
provide enough memory to allow the stiffness matrix [ e —————
- - - _| Run REPORTER after analysis Options
factorization to run in-core sy e
Submit ! Reset | StatussKil Cancel
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Post-processing: Animate the results ‘ LS-DYNA Implicit

* Open the <name>.ptf file from the run directory in Oasys D3PLOT.
« Left Shift + left mouse button to rotate the camera.

« Clicking on items blanks them. Middle mouse button to unblank last item. ‘U’
to unblank everything.

 Animate the results and check the deformation.

« Magnify the displacements and display the undeformed geometry.,

Page Mumber ; Page Mumber e | 1 ]

|
Aft:

D3PLOT  THIS Tune Memory

ltilities

Element Switches
Back faces Internal faces

Local triads Material triads

Element Appearance
Displacement Magnifications

Fx: Fy: Fz:

x0 | xoo1 | xm | x|

Spring symbals

elt symbol

f‘l 4 1] 1323501 x10 | 100 | x1000 | .
Anim: (auto ally | 00l ] o1 [ ﬂ A » Kl Display
File 4 Anirm 4 Draw 7 oo Teemongm G Madel box
1.00
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Post-processing: Contour deflection LS-DYNA Implicit

« Select Category: Displacements
« Component: DR _DISP_RESULTANT via the ‘DATA — Scalar 1’ panel
« Select CT (Continuous Tone) or SI (Shaded Image) for contour plotting

BCaFLOT TiHIS |8 PRIMER | Tune | Memary

D3PLOT: Resultant Displacement
0.000
0.543
1.087
1.630
2173 | | Data Part Tree |[NELGED Ayou
2717 | | | .
3260 [Seatar 1 [ scatarz | vecor | “ver I
4:347 v Scalar 1§<ctive Scalar 1 Options... |
4.890 . . ——
5.433 ateqary lisplacements
5.977 Componert : | DF_DISP_RESULTANT \-|
?ggg Contours : m | Auto all Mediurm | Options..
. hdan & Min | (MO maximin shown) ‘-| Optiuns..|
Ermvelope ‘ OFF | Optiuns..|
- Int pt IMIDOLE surtace || ALLintpts |
X Ref frame : | GLOBAL | optians..
hagnitude | Magnitude x cos[phase+phi] |
3.000000
Averaging oM v Attributes - Options..

By default this will show the Plastic Strain component, but other output categories can
be selected from the data panel.
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Post-processing: Oasys T/HIS LS-DYNA Implicit

Top menus Quick-Pick Control Tools D3PLOT Link
Allows access to basic options and tools, Controls the mouse action when Provides access to T/HIS
in a drop-down menu format applied within the graphics area specific functions P
| Dock Plottng Display  Auta_Blank 2B
10.000 i ‘ ! !
| | | o R —
| | | BUIK Data | Keyooard | CSv | Sereen

CURYOUT

Part Graups
Solids Beams Shells

I
I
I
I
I
0000 [~~~ """ T T T T T T T T T T T T T T T T T o oo oo oo oo oo (i Attt = IS0 |Ls-preposT| DiAdem | NASTRAR
I
I
I
I
i

5000 oo Graphics Area

Stonewalls  Springs  Airbags [
Geo Cortacts  Seatbelts Retractors  Slipri

Reactions Joints X SEctions  Subsystems
Rigd Bosies | Spotrelds

Area within which Ry

T
I
I
I
I
L
|
I
I
I
I
-10000 [~ """ """ 7T~ e [ i ettt el it - FSls SPHs Tracers  Pulleys

- I
I
I
I
|
-
I
I
I
I
!

Energy (x1E+3)

graphics are drawn — Current menu panel

T i A T B .
1 : | 5 The entity types for
3 3 3 INT POINT Results WhiCh time-hlstory da.ta. iS
e | | | | | e available are shown by
- 1 1 1 : the green buttons.
-25.000 ] i f ; |
0.000 0.200 0.400 0.600 0.800 1.000 1.200

T.E. - Whole Model

e TreoaceE |~

Dialogue & List area Viewing Commands

[ror [ cor NIRRT
o |

Area for command-line input and output, These are different to PRIMER and D3PLOT
also acts a listing area for messages
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Post-processing: Beam deflection ‘ LS-DYNA Implicit

Page et |l 1 | ppl & PRIMER

* Click on T/HIS button via the Main Menu Option - this will open a T/HIS o B
session within D3PLOT.

* Click “Nodes”.

« Select ‘DZ - Z Displacement’.

« Click ‘Apply’ to plot data graph.

<< Undock Read Data

* Note: Left clicking a line on the graph blanks it. Press middle mouse || >0 oo keson Tmscine

Bulk Data | Keyboard C5Y SCcreen
button to unblank. CU;SVDOUT LS-PREPOST DIAdem MNASTRAN
« Further graph and curve options can be found under the ‘T/HIS’ main W= .
menu panel -> ‘Curves’. — T T
Reactions Joints W Sections  Subsystems
000 1 | | | | Rigid Bodies Spobwelds SPCs Boundarys
FSls SPHs Tracers Pulleys
-1.00 — - ICFD CESE EM PBLAST
Pres Tubes  Bearings
-2.00 — — Select Models
" 300 | Cutput curve: )
g Keyin _ ol
g 400 - — /  TE - Temperature [ Eres €4 ]
& o BR :
6.00 — B 8
-7.00 — MNUE!EHQ
-5.00 T T T T T
0.00 050 1.00 1.50 2.00 250 3.00
Time
While D3PLOT allows visual representation of this result and interaction with it,
T/HIS allows for plotting and manipulation of time histories. All data for post
processing must be requested in the database cards when setting up the run. i |
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Post-processing: Reaction forces and moments LS-DYNA Implicit

300 1 1 1 1 1
LS-Orv A Groups kKeyword | T/HIS Curve
Bulk Data | Keyboard CEY Screen 2.50 1
IS0 LS-PREFOST DlAdem MNASTRAMN
CURVOUT = 2001 I
4
Global arts Fart Groups ieslek: = 150 - |
S0lids Beams Shells Tk Shells g
Stonewalls Springs Alrbags Contacts & 1.00 - L
GeoContacts  Seathelts  Retractors  Sliprings Bndout file, Fz for BC = 2500N
Reactions  Joints X Sections Subsystems 0.50 - (input force) -
Rigid Bodies Spotwelds ~ SPCs | Boundarys s
FSls SPHS Tracers Fulleys 0.00
i 0.00 0.50 1.00 1,50 200 2,50 3.00 Check
ICFD CESE EM PELAST Time .
Pres Tubes Bearings reaction
Select Models \ew Mode : fdode forces and
600 1 1 1 1 1
veo ) N moments )
4.00 - .
—| Entti £
e [ te i
:
5 3004 s
All MNone =
EmEs | = . I
5
E 2004 -
=
_ 1.50 o -
C rmotio oment
MY - BC mation ¥ Moment 1004 Bndout file, My for BC = 5e6Nmm | [
MZ - BC motion Z Moment 0.50 1 -
DOO 1 1 T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00
EM - Energy frorm BC motion Time
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Linear Static Analysis: Results ‘ LS-DYNA Implicit

4 N/ )
Hand calculation: Tip Deflection £ = 205000 N/mmz2 P=o000N
. > L = 2000 mm pr=0.3
d="=22 (1 - ) where f, = Density = 7.85-9 ly=46902000mm4
3EI GAL? Aweb
T/mm3
\ VAN J
_PI? 3fEL)  25-20003 ( 3. (16328/, . ) -20500- 4690200) - -
- 3E’y< GAL? ) = 3-20500 - 4690200 7.88e% - 1632.8 - 20002 =13.9-(1+0.019) = 7.07 mm
D3PLOT: Resultant Displacement

0.000

C= E 0.543

- 2(1+4v) Analysis tip deflexion = 7.07 mm | 137

2173 |
2717
3.260

3.803
4.347
4.890
5.433
5.977
6.520
7.064

Hand calculation: Max Bending Moment
M,=P-L

M, =P-L= 2500 - 2000 = 5e6Nmm

Z
W

3.000000

Bndout file, My for BC = 5e6Nmm
Bndout file, Fz for BC = 2500N (input force)

] Displacement Magnifications: x10
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Contact Information LS-DYNA Implicit

ARUP

www.arup.com/dyna

For more information please contact the following:

UK: China: India:

Arup Arup nHance Engineering Solutions Pvt. Ltd (Arup)
The Arup Campus 39/F-41/F Huai Hai Plaza Ananth Info Park

Blythe Valley Park Huai Hai Road (M) HiTec City

Solihull, West Midlands Shanghai Madhapur

B90 8AE China 200031 Hyderabad - 500081

UK India

T +44 (0)121 213 3399 T +86 21 6126 2875 T +91 (0) 40 44369797 / 8

F +44 (0)121 213 3302 F +86 21 6126 2882 india.support@arup.com

dyna.support@arup.com china.support@arup.com
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