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1. WHAT IS LS-DYNA?

1.1 GENERAL APPLICATIONS

Crashworthiness Driver Impact Train Collisions

Earthquake Engineering Military
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1.2  SPECIFIC APPLICATIONS (COURTESY OF PREDICTIVE ENGINEERING)
Airplane 16g Crash Analysis Sporting Goods Equipment Drop Test Consumer Products

Human Biometrics Large Deformation of Plastics
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Electron Beam Welding Pyro-Shock Analysis
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Fracture Mechanics of Glass Ballistic Shock Loading of Optical Equipment Hyperelastic Medical Seal Analysis
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Blade-Out Analysis Discrete Element Method (Mining Industry) Drop-Test of Hand Held Electronics

FLSmidth Impact Analysis of AF DEM=0.5 m Rev-1
Time 025

PSC FALCON 4410-RE REV-6 7 DEG
Time= 000345

High-Speed Spinning Disk Containment

Locomotive Fuel Tank

Locamotive Fuel Tank Crushing Analysis
Time = 0.050001

Spinning Disk Burst Containment
Time = 5.45

Contours of Maximum Principal Stress
ipt #2 and ipt #3

min=-0.0048221, at elem# 276069
max=1017.67, at elem# 139707
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Crash Analysis of Bus Seats Impact Analysis of Safety Block Device

Snap-Fit Analysis — All Plastic Medical Device

Plastic Assembly Snap-Fit
Time = 12
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9g Crash Analysis of Jet Engine Stand Torque Analysis of Endoscopic Medical Device

Time=  1.0031
Contours of Effective Stress (v-m)
ipt #2 and ipt #3
min=0, at elem# 92273
max=188471, at elem# 84914 e Wire Tube | - Experimental

— Wire Tube I - FEA

Wire Tube Il - Experiment
— Wire Tube Il - FEA
- -WireTube Il - Experimental .7
~——Wire Tube Iil - FEA 2
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2. FEMAP — AN INTERFACE THAT OPENS ANALYSIS POSSIBILITIES ACROSS MULTIPLE PLATFORMS

Let’s build a simple model. There are a few key steps that are necessary to get your model up-and-running in LS-DYNA.

2.1 MATERIALS

# | Function Definition

D ' 2 I MSTEEL CARBON A36 ANNEALED TEMP=80F Type 0..Dimensionless

X -None Y -None [TIx Axis Log Scale [ ] Y Axis Log Scale

~ | [None

0.0006692402 21099215 | 32255 1

A o |

0.00133848 234.32123 6753048

0.002230801 248.93362 607.3861

0.003346201 263.14067 539.4675

0.004684682 276.6993 4715488

0.006246242 289.55679

0.008030883 301.7361 4036301 ——

0.0100386  313.28705 3357115 D1 ACTY Type B, HotRolled (A6 I IS Layer 1
0.0122604 324.26601 267.7928 -

0.01472328 334.72766 199.8741

101740025 344.7 . ——— —

3'02033053 ;5425331 0. Material Type [24..LS-DYNAP|ec\mseL|nearPIasncny ']
0.02342341 363.48204 -

7.85E-9

| Data Entry
(@ single Value  (*) Edit Phase ( X )

(©) Linear Ramp  (*) Edit Magnitude (Y)  Delt=00 1
(") Equation () Periodic

Density - RO

200000.

Young's Modulus - E

Poisson's Ratio-PR  0.29

X Variable | x

Yield Stress - SIGY
Plast Tang Modulus - ETAN

Plastic Strain at Failure X
(©) Isotropic

() Orthotropic (2D)
(©) Orthotropic (3D)

Time Step - Elem Removal

Strain Rate Param-C 0.

0.

Strain Rate Param - P

(©) Anisotropic (2D)
(©) Anisotropic (3D)

Stress/Strain Function 2.STEEL CAF

Strain Rate Scaling Func  0.None

Rate Effect-VP 0 (©) Hyperelastic
O FEluid

Femap Symposium — Cypress, CA — May 15th, 2018 Page 10 of 28
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2.2 MESHING

1.022E-6
9.692E-7
Femap Structural Options
[0..Default v]
[ ]Plane Stress 9.167E-7
DYNA Options
12..€Q 16: Fully Integrated Fast 8.642E-7
ABAQUS/ANSYS Options
e = 8.117E-7
7.592E-7
[ Flat Triangles
@ :\::"9 (expucIT) 7.068E-7

|| Generalized Plane Strain

6.543E-7

C o ] [ o]

4.96793E-7
6.018E-7

5.493E-7

Output Set: Model Data to Contour
Elemental Contour: Explicit Time Step

4.968E-7

Femap Symposium — Cypress, CA — May 15th, 2018 Page 11 of 28
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2.3 CONTACT

= ® Connections
= @ Properties
@ 1.AUTOMATIC SINGLE SURFACE. SOFT=2
-/ #J Regions
1.Pipe and Clamp
- & Connectors
& 1.Pipe to Clamp Contact

| Connection Region

D (1 } Color 2048¢ Layer 1 Title Pipe and Clamp
Type Defined By
(@) Deformable
() Rigid

Ref Node (
Output @ Property/ Part Contact
(@ Nodes

Property 1

Property 2

Surfaces Elements

Curves Nodes

") Curves
Property

| contact Box... || Delete |

Elements - No Faces

Elements

Title Pipe to Clamp Contact

Color 14 Layer 1
Master (Target)

Slave (Source)

Property 1..AUTOMATIC SINGLE SURFACE. SOF v @

v | edtMaster.. |[  DefineRegon.. |

1..Pipe and Clamp - [ Edit Slave... ][ oK ][ Cancel ]

Title JTOMATIC SINGLE SURFACE. SOFT=2

Color 110 Palette... | Layer 1

General
Type 1..Automatic

One Way Contact
Offset
Penetration

[] constrained
[ shortest Diagonal

Formul. Opt.  0..None v

Friction
Static
Dynamic
Exp. Decay
Viscous
Viscous Damping
Scale Factors
Slave Penalty Stiffness
Master Penalty Stiffness
Slave Thickness
Master Thickness
Coulomb Friction
Viscous Friction
Thickness Overrides

Slave [o. l

Master 0.

Rigid
Force Method

Function Force vs. Penetration

Unloading Stiffness

Tiebreak - Force / Stress
Normal Failure 0
Shear Failure 0
Normal Exponent 0.
Shear Exponent 0
Function - Resisting Stress/Opening 0
(@) Symmetric Constraint
(©) Slave Nodes Constrained
() Master Nodes Constrained
Time Activation
Birth 0. ‘
Death 0. ‘
Eroding Output
Symmetry On Slave Forces
Interior Node Erosion Master Forces

Interior Solid Erosion Optional ABCD...

| Defauts | | Load..

|| save..

|| cop. | [ ok || conce |

Femap Symposium — Cypress, CA — May 15th, 2018
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2.4 ANALYSIS MANAGER

500.
Title LS-DYNA Explicit Analysis Set]
Analysis Program 28..LS-DYNA v 450
Analysis Type 9..Explicit Transient Dynamics v
Solve Using
Integrated Solver 400
(@) Linked Solver
Solver is undefined. Go to File Preferences Solvers.
i 350.
300.
250.
200.
Analysis Conditions Solver Options
Initial Body Load Group 0..None] ) 0
Processor count (NCPU) 0 150.
Y [ Mass Damping Value 0. ] springback
Z O Analysis Info Additional Output
vj imits o.None - | 100
Termination Time 0.01
History Time Interval 0.
X Output Time Interval 1.E-4 It The Tieeead 0.
Output Set: Step 102 Time 0.0100019 Flte Integreton Fomts ’ ("] include Strain 50.
Deformed(46.26): Total Translation
Elemental Contour: Plate Top VonMises Stress 0.

Contour double: Plate Bot VonMises Stress

Femap Symposium — Cypress, CA — May 15th, 2018 Page 13 of 28
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3. FOUNDATIONS OF FINITE ELEMENT 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.

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

1000 Roadmap to Linear and Nonlinear Implicit - Linear Elastic
| Effective Stress (v-m)

1000.0 _
937.7

875.3
8129
750.6
688.2
625.8
iy 563.5
501.1
438.7 _
376.3

314.0 |
251.6
189.2
126.9
64.5 |
21 _

101.6

Output Set: Standard Implicit Solver Results ,L
Deformed(0.0042): Total Translation 1673 Y
Elemental Contour: Solid Von Mises Stress

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

Femap Symposium — Cypress, CA — May 15th, 2018 Page 14 of 28
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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.

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

squares are
shear values

Femap Symposium — Cypress, CA — May 15th, 2018 Page 15 of 28
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The following graphics show 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) - Hex LS-DYNA Implicit Analysis - Hex

Roadmap to Linear and Nonlinear Implicit - Linear Elastic QS Plate
me = 1

- s of Effective Stress (v-m)
min=294.602, at node 1299
max=2818.77, at node# 1173

Output Set: Sta
Deformed(0.00!
Elemental Conts

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

Femap Symposium — Cypress, CA — May 15th, 2018 Page 16 of 28
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3.3 CoOMPOSITE ANALYSIS

The images below provide a comparison between the first 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 default and we don’t wish to make this comparison more difficult than necessary.

Nastran—Ply 1 LS-DYNA Ply 1

Femap Symposium — Cypress, CA — May 15th, 2018 Page 17 of 28
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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 (MPC’s) and
depending upon their formulation are also known as rigid elements (e.g., RBE1 and RBE2) or force interpolation elements
(e.g., RBE3).

MPC - RBE2 (Rigid 6 DOF’s) LS-DYNA CNRB (Rigid 6 DOF)

Linear and Nonl| Analysis - Ci s - CNRB-Interpolation
: Effective Stress (v-m) [extrapolated nodal values]

622.0
583.1
544.3

6339 flective Stress (v-m) [extrapolated nodal values]

585.1

536.3

_—- ——— 2333
3 / 1556.5
\‘\ 'I ) 2923 e
(, y o
\g'_ = v 243.4 778
, 38.9
194.6 0.0
145.8
97.02
Output Set: Roadmap Linear and Nonlinear Ana - Connectors - Nastran RBE2 & 3
Deformed(0.00112): Total Translation 48.21 %

Nodal Contour: Plate Bot VonMises Stress

Femap Symposium — Cypress, CA — May 15th, 2018 Page 18 of 28
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4. WHAT ABOUT NOT-SO-SIMPLE MODELS?

4.1 ComMPLEX CONSTRUCTION FOR COMPLEX LOADING
A large composite shipping container was analyzed for drop, impact, PSD random vibration and general stress analysis.
The main shell of the container was a glass-fiber vacuum infused composite with closures made of aluminum. Lifting

rings and other major structural load points were attached to the composite container using thick aluminum plates with
preloaded bolts to distribute point loads into the shell.

Example of Large Composite Transportation Container

Femap Symposium — Cypress, CA — May 15th, 2018 Page 19 of 28
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4.2 COMPOSITE-LAMINATE MATERIAL MODELING
The uniqueness of this work was that one base model could address progressive composite failure whether under static
conditions (implicit) or during drop test analysis (explicit) along with bolt preload and extensive nonlinear contact
behavior at closures, skid plates and load rings. Analysis recommendations are provided for general implicit analysis for:
(i) PSD random vibration with bolt preload; (ii) progressive failure of composites with *MAT _54; (iii) contact modeling
and (iv) optimization of run times using MPP LS-DYNA. The explicit analysis of the container was rather simplistic but
some comments will be made about the analysis setup and runtimes.

Sandwich and Solid Laminate Composites with Transition Region

Femap Symposium — Cypress, CA — May 15th, 2018 Page 20 of 28
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SURFACE AND SOLID MESHING
Sandwich and Sol
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v

4
Given that the model was going to be run in explicit, the aimed time step was 1 ps. With a nominal composite wave

speed of 3500 m/s, element sizes could be as small as 3.5 mm if needed, but in general, the mesh sizing was set to 25

mm. The model contains 150k elements and 125k nodes.

Femap Sympos
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4.4 MULTI-STEP ANALYSIS
The top image shows the preload state prior to initial velocity initialization while the second image shows the impact
stresses. Scaling is as with prior work.

Bolt Preload Following by Impact (Implicit/Explicit)

Explicit Drop Test of Composite Container
Time = 1

Explicit Drop Test of Composite Container
ime= 0.1144

Femap Symposium — Cypress, CA — May 15th, 2018 Page 22 of 28
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5. FEMAP AEROSPACE FROM INTERIORS TO SLED TESTING

5.1 EVEN WHEN IT’S NOT AVAILABLE, IT’S STILL AVAILABLE IN FEMAP

It’s a tall order to ask that a pre and post processor keeps 100% up-to-date with all the developments for a portfolio of

solvers. For features not yet incorporated into the Femap GUI, the ability to add analysis text allows one to access even
more LS-DYNA features.

Analysis Text to Incorporate Additional Analysis Control

( Ls-DYNA Model Options | x|

Export Options
["|Rrigid Reference Nodes

[ material Based Plate Parts p ]
[ write Groups as Node Sets 5 Analysis Text =] _

< 1 >< 2 >< 3 >< 4 >< 5 >< 6 >< 7 >< 8 >
*COMMENT

Client:
1 Start Text (On)
[ skip Standard
| $ INITIAL SETTINGS

$
$
$ Beam preload for main model .
[ Prev... ” Next... ] I 0K ” Cancel l $ Axial Force controled by FEMAP function #

Manual Control

] »

$

*INITIAL AXIAL FORCE_BEAM

S# bsid lcid scale kbend
100 1.0

$
$ Applying initial preload to all fasteners that hold the Lav Wall
$ to other significant components.

$
*SET_BEAM_GENERAL TITLE
Beam Set for Bolt Preload - Based on FEMAP Property #

S# =sid
1
$# option el e el ed el eb e?
PART 50 200
$
*INITIAL_AXIAL_FORCE_BEAM
S¥ bsid lcid scale kbend
2 550 1.0 -
< )
Text From File
(é) As Text As INCLUDE Statement Select File... ] [ Delete All l [ oK ] [ Cancel

Femap Symposium — Cypress, CA — May 15th, 2018 Page 23 of 28
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5.2 EXPORT AND READY TO RUN

For even more flexibility in analysis file management, the analyst can use the *INCLUDE keyword to point the analysis
manager to external files. This is especially well when working with complicated 3" party models, like an ATD.

Using *INLCUDE to Integrate External Analysis Files
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Considering the geometry preparation tools and meshing toolbox; the ability to create LS-DYNA material models and set
element formulations, and the added flexibility of analysis text and include files, - Femap allows you to work from CAD
geometry and generate a run-ready LS-DYNA analysis deck.

Full Nonlinear Dynamic Tranisent Analysis — Straight from Femap

Femap Symposium — Cypress, CA — May 15th, 2018 Page 25 of 28
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6. GETTING BY WITH A LITTLE HELP FROM YOUR FRIENDS

It seems that outside the core LSTC staff (which includes the DYNAmore team), true mastery of LS-DYNA is quite elusive.
One could spend years studying the manuals and examples and only scratch the surface of capabilities. However, it
doesn’t mean that one can’t get meaningful results in a reasonable timeframe. With the right training and resources, a
good simulation engineer can use Femap and LS-DYNA without too much blood, sweat and tears.

N
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PredictiveEngineering

LS-DYNA Training

Welcome! s Jmpact Anaiysis of AF DEM=0.5 m Rov1

Predictive Engineering is a finite element analysis consultancy based in
Portland, Oregon with over 15 years of LS-DYNA consulting experience.
We have leveraged this experience to provide a unique LS-DYNA
training class that is focused on the mechanical analysis of highly
nonlinear systems (e.g., impact analysis, burst containment, drop test,
bird-strike, progressive failure of composites, high-deformation analysis
of polymers and foams or fluid-structure interaction using DEM / SPH /
CFD).

UPCOMING LS-DYNA TRAINING COURSE

LS-DYNA Analysis for Structural Mechanics
Explicit, Nonlinear, Large Deformation Analysis for Structural
Mechanics

Sign Up for Training

Our May 2018 class is now full. Please consider
attending our class in May 2018.
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Thank you for your Time!

Questions?

Adrian Jensen
Sr. Staff Engineer
Predictive Engineering, Inc.

Phone: (503) 206-5571
E-mail: adrian.jensen@predictiveengineering.com
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