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1 Abstract

The default LS-DYNA settings are tailored for running large explicit analyses. For new and even
experienced users, it can be challenging setting up an implicit LS-DYNA analysis to match analytical
solutions or other standard implicit FEA codes. For example, the default element formulations are
based on single-point integration whereas implicit analyses benefits from full-integration. A series of
example problems are provided that will allow the simulation engineer to exactly match industry
standard implicit codes (complete keyword decks can be found at DYNAsupport.com). Along with
these example decks, CPU-scaling results will be presented for each implicit analysis type from linear
to nonlinear.

2 Introduction

Basic linear implicit analysis (including eigenvalue analysis) might represent 80 or more percent of all

the analysis work done in the world and most likely nonlinear implicit analyses from mild to severe

constitute another 10 percent. For users of LS-DYNA and their business organizations, there are

many advantages to the adoption of one FEA code to solve the complete range of problems from the

most simple (linear elastic static) to the most complex (nonlinear transient). The literature is rich in

studies on the accuracy of LS-DYNA toward solving a wide-range of explicit problems (see
DYNAIlook.com). On the implicit side, only a few publications have been generated [1-5] that provide

direct guidance to the simulation engineer. As users of LS-DYNA ar e wel | familiar wi
default settings are focused on the efficient solution of large, transient, nonlinear finite element (FE)

models. Given this background, the default element settings, control settings and post-processing data

sets are not applicable for an implicit analysis and nor should they be. This can cause problems for

someone coming from an implicit analysis code where the default settings are for static linear elastic

analysis. For example, to run an explicit analysis in LS-DYNA, one need not touch any of the default

settings, merely set the *CONTROL_TERMINATION time and the problem will run. For an implicit

analysis, there are lots o f options and some you wa nnthisavordwes o me yo
attempt to present concise guidelines for running classical linear implicit problems and also those for

nonlinear analysis, we leverage prior work by DYNAmore Nordic [1]. We also show how commercial-

sized implicit problems can scale using multiple CPU-cores on a PC-workstation (3.1 GHz dual-socket

(20 true CPU-cores (hyper-threading turned off)) with 256 GB of RAM and a 2 TB PCI-SSD).

2.1 What Types of Problems Can Implicit LS-DYNA Analysis Solve?

Generally, we look for problems that are not overly nonlinear and are better suited to be solved
statically rather than dynamically. Fig. 1 shows a few of the implicit models that we have solved at
Predictive. Other implicit examples can be found at the www.DYNAexamples.com website.
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Drop, Rail Impact and PSD Analysis
of Composite Container (MAT_54 Failure)

Axisymmetric Rubber Seal Analysis

Decompression of Composite Container
Temes 21435

9g Crash Analysis of Jet Engine Stand Braze Process Simulation (MAT_188)

FEI-1116-01 Insert F Braze Process Simulation Ambient to Solidus Rev-0
Time= 068133 Effective St
Contours of Effective Stress (v-m)

outer shell surface

min=0, at elem# 171025

max=80.7882, at node# 243293

(2Post

Torque Analysis of Endoscopic Medical Device
(Beam-on-Beam Contact)
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Fuel Tank Impact Analysis Plastic HDPE Acid Storage Tank

PolyProcessing-0915-01 HDXLPE Pad and Tank Analysis Rev-0

Locamotive Fuel Tank Crushing Analysis
Time = 0.050001

Contours of Maximum Principal Stress

ipt #2 and ipt #3

min=-0.0048221, at elem# 276069

max=1017.67, at elem# 139707

>

Cargo Net Analysis i 99 Crash Landing Load Nylon 12 Watch Band

FirstAir-1016-01 Main Cargo Not 9g Rev-1

» of R Displacemen

Kylo Cee Nylon 12 Watch Band
Time= 0.73638

Fig. 1: Examples of implicit LS-DYNA problems (courtesy of Predictive Engineering)
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3 Linear Elastic Implicit Analysis

3.1 Simply-Supported Beam

A simply-supported half-symmetric beam is analyzed using beam, shell and solid (8-node brick and
10-node tetrahedral) elements. This basic example is used to demonstrate that LS-DYNA can solve
the most basic of linear elastic problems. Fig. 2 provides a side-by-side comparison of results for the
beam, shell and solid models using the same mesh. A uniform pressure load is applied to the surface
to generate a stress magnitude of 1,000 units at the centerline of the half-symmetric beam. For the
beam element, the load was applied on a per-length basis to be equivalent. For the shell elements, the
maximum principal stress was contoured to show how the shell stresses are contoured.

Table 1 presents a summary comparison with a % difference against a standard FEA code.

Standard FEA Implicit Code (Nastran) LS-DYNA Implicit Analysis
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Output Set: Standard Implicit Solver Results J
Deformed(0.0042): Total Translation 1073 W
Elemental Contour: Solid Von Mises Stress

xﬁ
Output Set: Standard Implicit Solver Results
Deformed(0.0042): Total Translation

Elemental Contour: Plate Bot MajorPrn Stress
Contour double: Plate Top MajorPm Stress

o

Output Set: Standard Implicit Solver Results jl

Deformed(0.0042): Total Translation o.
Elemental Contour: Beam EndB Max Comb Stress

Fig. 2: Implicit LS-DYNA verification against standard implicit FEA code (Nastran)

Table 1: Summary of linear elastic implicit verification results

Model Hex 10-node Tet Shell Beam
Stress Disp Stress Disp Stress Disp Stress Disp
Standard 999.0 | 4.185e-3 | 1000. | 4.194e-3| 999.1 | 4.192e-3| 1000. | 4.190e-3
LS-DYNA 999.3 | 4.184e-3 | 1000. |4.192e-3| 999.0 | 4.192e-3 | 1000. | 4.192e-3
% Difference | 0.03 0.02 0.00 0.05 0.01 0.00 0.00 0.05

© 2017 Copyright by DYNAmore GmbH



11" European LS-DYNA Conference 2017, Salzburg, Austria

3.2 Plate with a Hole

For a uniformly loaded, infinite plate with a hole, the maximum stress concentration is 3x the far field
stress. Fig. 3 shows the geometry and loading setup and a sketch indicating the stress mechanics.
The utility of this example is that a finite, well-defined stress concentration is created that provides a
direct comparison to the stresses calculate by a FE model.

Plate with Hole Under Uniform Tension Courtesy of www.fracturemechanics.org

squares are
shear values

Fig. 3: Plate with hole under uniform tension with schematic of stress distribution
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Fig. 4 shows stress results for the solid and shell element formulations. As in the prior example, the
same meshes were used between the two programs. In contouring solid element stresses within LS-
PrePost, several options are available for averaging nodal stresses: mid, ave and max. The mid option
takes a simple average between connected nodes and was used in the hex and tet models. For the
shell model, extrapolate 1 was used within LS-PrePost to extrapolate the stresses from the integration
points and then averaged using the default setting (mid).

Standard FEA Implicit Code (Nastran) LS-DYNA Implicit Analysis

wplicit - Linear Elastic QS Plate

Output Set: Sta
Deformed(0.

Elemental Contg

2865.

ate
Effective Stress (v-m) [extrapolated nodal values)
2865.1

e

X

Output Set: NX NA
Deformed(0.00052!
Elemental Contour

Fig. 4: Comparison of linear elastic implicit results using stress concentration model

Table 2: Summary of linear elastic results for QS plate with hole

Hex Tet Shell

Standard 2898 3063 2865
LS-DYNA 2919 3063 2865
% Difference 0.72 0.00 0.00
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3.3 Composite Analysis

Given the importance of linear elastic composite analysis, it merits a discussion on how to set-up LS-

DYNA to obtain similar results as that generated by a standard implicit code. We will leverage an

example model from prior work on composites [9]. For a discussion on setting up failure criteria, there

are several excellent papers by Feraboli et al. [10 & 11] and LSTCb6s o2urFormote set
commercial example of using LS-DYNA for progressive failure simulation in composites, one can also

look at Jensen et al. [7] and for a brief overview of basic composite analysis in LS-DYNA one can read

the newsletter article by Laird [13].

Fig. 5 provides a comparison between the first and fourth plies of an eight ply laminate composite

plate with a hole. The analysis is linear elastic. For the LS-DYNA model, the shell formulation is

ELFORM=-16 (minus sign 16). To request ply information, use the *DATABASE_EXTENT_BINARY

setting maxint=8 to write out integration point data for each ply. The reason for not requesting all

integration points on each layer (i.e., ply) using -8 is that Nastran only reports the centroid value as a

def aul t an dhtoveakedhisrcdmparisem more difficult than necessary.

A classic trip up when setting upthe LS-DYNA * MAT _54 card is wusing the cor
ratio (o )In a Nastran code, one enters 9,, whereas in LS-DY N A, 0 n e , errPRBAL IS oneis
converting fr opm=NAESE)X an, then o

Nastrani Ply 1 & 4 LS-DYNAPly1 & 4

Fig. 5: Comparison of composite linear elastic stress results between Nastran and LS-DYNA
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3.4 Linear Connectors (Equivalent Nastran Multi-Point Constraint Elements)

In Nastran implicit analysis, it is quite common to use connectors that are based on constraint
relationships between stiffness terms within the stiffness matrix. In Nastran they are termed multi-point
constraint elements (MPC6s) and depending upon their
(e.g., RBE1 and RBE2) or force interpolation elements (e.g., RBE3). In the Nastran analysis
sequence, the MPC relationship is created, the matrix decomposed and then forces calculated. Since
it is linear, the MPC is defined based on the initial terms of the stiffness matrix. As one can imagine, it
is not a useful numerical approach for a nonlinear analysis but for a linear analysis, it has been the
standard for thirty plus years. As a comparison, Fig. 6 provides a side-by-side comparison between
the two codes. A force is applied to the center of the connector (same force for both connectors) and
the plate is pushed downward. The edges of the plate are pinned. For the RBE2 case, the difference
is 1.9% while that for the RBE3 example, the difference is 4%. In both cases the stress patterns are
nearly identical and although the stress differences are greater than would be ideally desired in a
linear elastic analysis, their differences can be explained by the completely different connection
formulation between Nastran and LS-DYNA and not the underlying element formulation. (Note: When
the two models are analyzed without connectors the stress results are numerically identical.)
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Fig. 6: Comparison between Nastran MPCs and LS-DYNA CNRB and Interpolation Connections
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