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Abstract:

LS-Dyna is a common code in explicit analysis. Starting in 1997 the implicit capabilities are
continuously being enhanced. Up from v970 most of the subroutines and data arrays can be used by
both explicit and implicit. Switching between the codes can be done without overhead. In this
presentation differences between explicit and implicit time integration are described and examples
using the code in product development for plastic components are depicted.
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Explicit vs. Implicit [ICI
.TECHNULCIGY

What is Implicit (and Explicit) Analysis?

n It s one way of solving an ordinary differentlal equation

=7

s Given yn = y(th), we can calculate yn*l m y(t*1) in one of two ways

11 __ n-1 ol

Y — n+l J Y _ n
~ - J0) N 0

Y

Implicit equation for yn+1 Explicit equation for yn+1
Need to solve an equation No equations to solve
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Explicit vs. Implicit [ICI

. TECHMNOLOGY

Implicit and Explicit Analysis

s We want to seolve the equations of metion:

mgh’ +C“V1” +j"H =‘f‘H

int exr

Mass
Acceleration
Damping
Velocity

: External forces
t Internal forces
Indicates step n

The geal is to determine the displacement, unti, at time th+i,
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Explicit vs. Implicit [ICI

. TECHMNOLOGY

Implicit and Explicit Analysis

Explicit analysis is carried out as follows:

1. Compute accelerations from

H n

i it
mda = Jin = Jext —€¢V

Ne equatiens are solved because mass matrix I dlagenal

2. Compute velocities at half-step from

V??+lf2 - vrr—]ﬂ +g??ArH

3. Compute displacements as

/ 433-1-1 =" + V??+Lf2 Arnﬂﬂ
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Explicit vs. Implicit [ICI

. TECHMNOLOGY

Implicit and Explicit Analysis

Implicit analysis is carried out as follows:

1. Approximate accelerations and velocities by Newmark metheod

g™t = 1 [H”'*'l—u”]—Lv”+(1—LJn”

B(Ar)? BAT 2/3
L A L S, —(1—i]v” - L\.r(i—l a"
PAt [ | P 25
2. Substitute inte equations of motion
n 0 o ol
ma: +c¢v -+ int = Jext

3. Solve for um! ysing e.g., Newton-Raphsen

System of equations need to be solved
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Explicit vs. Implicit [ICl

. TECHMNOLOGY

Implicit and Explicit Analysis

The Newten-Raphsen methed may be described as follows:

Salve: r(d) = fom —ma"™™ + o™ f57 (d) =0 with o my™

r{d} linear model
(tangemt)

solution

Solve a nen-linear equation iteratively at each time step

Each iteration requires solving a linear equaticn - ,
[T. Belytschka af. al., 2000/
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Explicit vs. Implicit

EXPLICIT

Impact, penetration, high rate
dynamics

Many small time steps
Courant condition limits langest
stable time step

Conditionally stable

Robust, even for strongly non-
linear models

Low memory requirements
Expensive to conduct long
duration simulations

40

IMPLICIT

Static, eigenvalue, low rate
dynamic analyses

Few large time steps

Model size (degrees of freedom)
affects wall time

Can be unconditionally stable
Eventually problematic for
strongly non-linear models
High memory requirements
(inverting stiffness matrix)
Relatively inexpensive for long
duration analysis

. TECHMNOLOGY
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Explicit vs. Implicit (ICI
.TEGHNI:ILI:IGV

Types of implicit analyses

Linear Analysis
— static, dynamic

Mode Extraction
— frequencies and mode shapes
— linear buckling loads

Nonlinear Analysis
— Newton, quasi-Newton, Arc Length solution options
— static or dynamic

Combined implicit - Explicit Analysis
— manual or automatic
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Implicit Examples

linear statics jetski

@O SD®=-® D D

GO = 0 <

0O — 0 oS

®—~®»oT C

bottom-component
top-component

component testing— torsion test :

material testing— tensile test:

2 part regions

simulation— torsion test:
bottom-component
top-component

0°/45°/ 90°
Interpretation tensile tests:
micromec 2.1
3D orthotropic material model

1 |

load case torsion
Load case pressure

simulation—reference vehicle (top and bottom component)

material testing— tensile test:
0°/90°

+45°/-45°

0°/90°/+45°/-45°

Interpratation tensile tests:
micromec 2.1
3D orthotropic material model

1 |

simulation — updated vehicle:
wall thickness adjustment to meet
torsion siffnes criteria

comparison pressure load case
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stiffnes requirements
torsion load

strenght requirements
pressure load
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Implicit Examples

linear statics jetski

. TECHMNOLOGY

tensile tests and data fitting by micromechanics (MICROMEC)

frafiDehnung nem, Epannung/Dehnung
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Implicit Examples dq

linear statics jetski B TEeLORY

Modelling:

L8-DYNA keyword deck by LB-PRE

78529 shell elements (Type21)
3D orthotropic material model (Mat_002)

LB-DYNA keyword deck by LB-PRE

Y

L g

— f(f;‘z _f:;m —Ma

Maa,,, + Ksu

n+l i+l n
Au=K 'R linear problem
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Implicit Examples dq

linear statics jetski — e -

reference vehicle (deform x 50)

Absenkung zufolge Terslonmement 1000 Nm

Ahsenkung infolge Torsionsmoment 1000 Km 14

= 10 1
i
8 -
g )
4
2- I
Q<
&mm 4mm

t-Vertsilung 8mm

Absenkung [mm]

3 mm t-Verteilung | t-Vertsilung

3 ) ] | | ] } Referenz Fahrzeug Fahrzeug Fahrzeug Fahrzeug Fahrzeug Fahrzeug
3 5 4 45 5 55 B 85 NEU v1 NEU w1 NEU v1 NEU v1 NEU NEU
Wandstérks nm] M2 0T | _UT2_0Tv2
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Implicit Examples dq

. TECHMNOLOGY

nonlinear statics pulley
5 POINT 10 NODED TETRAHEDRONS (ET16)

LE-DYHA kvywond dech by LE-Prapost

TRUSS ELEMENTS (no bending stiffness)
CONTACT_AUTOMATIC_NODES_TO SURFACE
L8-DYNA keyword deck by LS-Prepeost

L8-DYNA keyword deck by LE8-Prepast

Seite: 14
Datum: 20.09.2010
Autor: Thomas Wimmer, Martin Fritz

Datei: rep_vv0_10092002_tw_LS-Dyna_Forum.pptx



Implicit Examples

nonlinear statics pulley

. TECHMNOLOGY

LS-DYNA keyword deck by LS-Prepost
Time = 0
Contours of Effective Stress (v-m)

Fringe Levels

max ipt. value 2.000e+01
min=0, at elem# 1 1.800e+01
max=0, at elem# 1 1.6008401 ]
1.400e+01 _
1.200e+01 _
1.000e+01 %
8.000e+00
6.000e+00
4.000e+00
2.000e+00
0.000e+00
Nade ld
_A 1341-3926
I \ L x
04 kz

change in length
o
/

o 8.2 04 0.6 0.8
Time

y-displacements[mm]
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Implicit Examples

nonlinear statics pulley

. TECHMNOLOGY

SEILROLLENBERECHNUNG

Kumde
Idgnt. AR
Bemerkumgem
Qeometre delirels 4 15783012 Ll
Lageranfisndurehmssss: ol 50.00{Jm
Durahmagear dar Naoanbenrung [N A0 0 |m -
Durehmssssr der 8slrals ol 454.00{|m Ergehbnisse) Aur Py wmd Ty maxsf; und g
Durehmsessr ¢, Sslanfiage] ol 439.00]|m [ 0.0 o.0]p
Makembrefis) ] <0.00]]mrm] i 40000.0] 40000.0{J)
Materlaldatem Lagarkalastung F| 500000/ 80000.0]JH]
E-logul dar Balrals] __E]  3200.00[[HPg
Quarkantraktion i1 03900 \garmaty| 0.00] 0.000]m
Belastungy i) 5.04] 5.04|p
Hennsglkraft i 40000.00]]H] Ayosnpraagdrugk] 0.00] 0.00 JJiF;
Umaeringungesksl 138000017 T, 0.00] 0.00] iR
Masimaler Gefrdgaug ksl PR T 0.000[7 e 0.00 0.00)|MRa]
Wasimale Sslkraft Gendariastialy | maxfs) 40000.00]|]
Maximalsr Sohrigeug bel maxfR 0.00017 fre). Plishs| 3500.0 2500.0[|mmy
i 1.27] 1.27]0
ST Pliens! 2834 6 28346
wrﬂ -28.22 -28.22| [1Ra]
gl | 0.0 0.0])
4] T. 0.00 0.00JiRa]
s 0.00] 0.00|1ra]
T -28.22 -28.22||Mrg]
Yerglelchgepanmung Pém= IR
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Implicit Examples
nonlinear statics pressure tank dq

. TECHMNOLOGY

feasibility study pressure tank
composite with thermoplastic matrix

5. end cap UDt (PP-GF

3. pipe UDa (PP-GF tangential orientation)

axial orientation)

2. liner (PP) 4. Pipe UDt (PP-GF

1. end cap st (steel) tangential orientation)
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Implicit Examples

nonlinear statics pressure tank

MAT2-ORTHOTROPIC_ELASTIC (pipe)

40

. TECHMNOLOGY

Matrix - 1.2kg/dm? %] hm MRl (3 (0
Faser Glas 2.1kg/dm? matrx [ I T = = v ]
GeW % 350%% Funstorr [J&-aLse | @ | | [ |B ]

— —
VOI % 23.5%% uniglrekhignal

3
Matrix PP 0.95kg/dm? ! )
q e

Faser Glas 2.5 kg/dm3 e -
Vol % 35.0% /
Gew % 58.6% Y E—

MAT24-PIECWISE_LINEAR_PLASTICITY (liner)

Spannung-Dehnung PP
35
30 /
25
< r
o
2 20
f=2]
f=4
2 /
€ 15
@
o
a /
10 /
5
0o J T T
0,0000 0,0500 0,1000 0,1500 0,2000 0,2500
Dehnung [-]
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_ f&ﬁ _ fint

Mnaﬁ el Ksu — Ma "

1+ 1+l s
Nonlinear Equilibrium Problem:
— find displacements u wich statisfy equilibrium fext = fint
— both K, f&tand fi"t can be nonlinear functions of u

— literative search using Newton-based method

Linear Algebra Problem:

— solve system of linear algebraic equations KAu = R
every nonlinear iteration

— great CPU and memory cost




Implicit Examples dq

nonlinear statics pressure tank i -

ELEMENT_SHELL_ BETA (Fiberorientation)
SECTION_SHELL ELEMENTFORM 15 (volume weighted axisymmetric elements)
CONTACT_2D AUTOMATIC _SURFACE_TO_SURFACE
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Implicit Examples dq

nonlinear statics pressure tank — fie—. M-

LS-DYNA user input

Time = 0.05 Fringe Levels

Contours of X-displacement 1.749e+00

min=-0.00606537, at node# 2901

max=0.0839195, at node# 13749 1.662e+00
1.574e+00
1.487e+00 _|

1.399e+00 _

1.049e+00 _
9.620e-01 _
8.746e-01_|
7.871e-01_|
6.996€-01 _|
6.122e-01 _|
5.247e-01 _
4.373e-01 _
3.498e-01
2.624e-01
1.749e-01
8.746€-02
0.000e+00 _|

x-displacements[mm]
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Implicit Examples dq

nonlinear statics pressure tank

. TECHMNOLOGY

Frimge Levels
—
~LEEEeHID
MM:
~L3GZedE _
LTBIHT
2AGE T _
fi"ﬁ]
313562431
LTSI
scaling -9 Mpa to 82 MPa scaling—69 Mpa to10 MPa {2
P pionai
7520100 B 1dTasit
vk - .l tensile strenght fiber aprox. 690 MPa ssss
yield strength matrix aprox. 24 MPa
Time= uTnerlnpu: Fringe Levels Time= Flm Finge Levels
Contours of Z-stress: ETRle2 Conteurs of X7-stress 1.zt
e BT2e2 15 048, ot sl 45¢5 15250
S lm] m e, e
Le8gsnz 1184es00
4E0Te0Z_ —_— E
o [ —
<+ 25TBeE _

X ® & e S Foos

scaling 0 Mpa to 576 MPa ] scaling -19 Mpa to 17 MPa 2=
s ppesa
J £330t v -

stresses pipe UDt components [MPa]
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