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Implicit Developments

* New line search approach, excluding prescribed motion dofs

- Activated by LSTOL<O
- Avoids choking due to “unfulfilled bc” and potentially reduces simulation time

- Simulation to right finishes in less than 15%
of the time required by default approach >

* Drilling energy and numerically dissipated energy
reported to glstat, see *CONTROL_ENERGY

- Used to be in hourglass and eroded energy slots

Courtesy of IWC

* Element formulations properly supported
for linear implicit analysis (small displacements)

- High order shells
- Discrete elements

\nsys
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Implicit Developments

 Various inequality constraints are now supported by way of Lagrangian Multipliers

- Rigid body stoppers, rigid walls, contact entity \

* Minor enhancements for debugging implicit models

- Warning if support of the eigenvector is small,
indicating possible spinning beams or similar

- Output of 100 worst elements, solids and shells,
wrt aspect ratio

- Removing time dependent effects in eigenvalue analysis
when computing modal stress

* The option IACC=2 on *CONTROL_ACCURACY is introduced for explicit analysis

- For making implicit and explicit more compatible when switching between the two
- For instance will this invoke the strongly objective tied contacts even for explicit analysis
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Mortar Contact Developments

e Orthotropic friction
- Support load curves: friction as function of vel. and press. "
e 2D Mortar Contact - ==
- Support MPP as well as multistage analysis (dynain.lsda)

» Support “look-ahead” mesh adaptivity for automatic

- Meaning that elements on blank are refined as tools with
sufficient curvature approaches

* Tied contact
- Support full deck restarts and redecomposition

* Support discrete beam materials 66, 67 and 119

e TIME is introduced to Mortar Tied Weld Contact —————

- Welding can only occur if conditions are fulfilled for TIME
consecutive time units, this to prevent “premature” welding
situations with bad deformations as a result

\nsys
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Hot Forming and Thermoplasticity

* New *MAT_HOT_PLATE_ROLLING (*MAT_305)

 Thermoelastoplastic material for hot rolling

- Features: work hardening, dynamic softening, static
recovery, and static recrystallization

- Input parameters: calibrated from Gleeble tests at various
deformation rates and temperatures

- Developed in cooperation with Swedish steel industry
to create virtual process lines for working and
heat treatment processes

- Paper by Schill et al. (2021), see www.dynalook.com

Backup Rell

Work Roll
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Slab Furnace Reversing Plate Mill Cooling Bed
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Thermoplastic materials

« New *MAT 318 aka *MAT _TNM_POLYMER

“Three Network Model”
Model for thermoplastics
Two viscous links with interdependence, and one elastic link

* Network A is characterized by

= Stiff 8-chain hyperelasticity
with viscous flow based on power law with small limit stress

* Network B is characterized by

= Weak 8-chain hyperelasticity, damaged by flow in network A,
with viscous flow based on power law with large limit stress

* Network Cis characterized by

= Weak 8-chain hyperelasticity, with optional dependence
of second invariant of stretch tensor

- Available for solids, explicit and implicit analysis
- Paper by Bergstrom and Bischoff (2010)

- https://polymerfem.com/three-network-model punch test
UHMWPE

©20 ©2022 ANSYS, Inc. ntial

0:d3plot : Punch test from Bergstroy
0.00000000€+00

wme 7
x 120,

100

80

Punch test comparison

|— LS-DYNA 3D sim




Nonlinear Viscoelasticity (Creep) | -
w[Em[E]E] 3
* Enhancements for *MAT ADD_INELASTICITY SNl M

- To complement standard LS-DYNA material models & LJ:J & EEJ Pa EEJ n EEJ

- R14: Supplemented with nonlinear viscoelastic laws,
efficient variants of the creep laws

- The relaxation coefficients in Prony series can depend R i 1 rdr
on stress and strain to effectively support the
Norton-Bailey and Bergstrom-Boyce creep laws

- Evaluation of stress does not require
looping over the base material model

- Bengzon F,, Borrvall T., Jonsson A. and Lindvall M.,
Using MAT_ADD_INELASTICITY for Modelling of Polymeric
Networks, 13t European LS-DYNA Conference 2021, Ulm,
Germany, www.dynalook.com

W

Z Force [N

— Valid assessment of the life-cycle performance of a plastic product
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Paper and Delamination

* All cohesive materials (138/169/184/185/186/240/252/279/326) now support
element erosion for Newton-Cotes integration (INTFAIL < 0)

 *MAT_PAPER is now supported for implicit (shell and solid elements)

Creasing of paperboard

/
/| _AImplicit
/ _B Explicit

Implicit runtime >25 times faster than explicit. ° o o2 o2 o

Punch displacement [mm]
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Material History Output

* Added features in *DEFINE_MATERIAL_HISTORIES Normal stress history and Principal
- Effective Tresca Stress (maximum shear stress) stress Range at ang.le (.Df' over time
maximum major prlnC|paI stress, ®Pmax

- Principal Stress Range - Compute the maximum (principal)
stress amplitude = scanning tool for fatigue analysis

- Standard operators (addition, multiplication, max, min, etc.)
to enable user expressions on material histories

PSR

\ (\ ﬁ r\ (\ «— Stress at @pax

Stress
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Material History Output

1<)
. . dogbones, shells and solids D ardening slone ® 0
* Output of history variable names L B ©
max IP. value — TR J &
- Optlon HISNOUT on *CONTROL_OUTPUT : max=31.7732, at lem# 1 Mise 2.541e+015l E ;
- HISNOUT=2 = hisnames.xm| I
- New in R14: HISNOUT=3 - d3labels.xm| - -
: . . 9.485e-+00 _ B =
- More detailed info regarding, e.g., os010r00 L | :5
multi-material laminates j":;;:fggl o
and subsets of model — - i
- Supports labels from the _NAMES option X
of *DEFINE_MATERIAL_HISTORIES ~ "
- Supported in LS-Prepost 4.9
W —
T HI9VDVDHOS @OV G re-o@vw s
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User Defined Features and Shared Object Files
- €.g.
* Info and compatibility checks

Prints information about loaded shared object files
Run-time compatibility checks between binary and shared object files
Prevents accidental use of incompatible shared object files

Repaired minor defects...

*
MAT_USER DEFINED MATERTAT MODELS

Initial reading of file

ls-dyna|mpp d|DEV R14 491 c51a659f1

MODULE Loading

file: liblsdyna s R14-491-gc51a659f1d
build: R14-491-gc51a659f1d

version: smp

precision: single
NLOQ: 112

**¥* Error 21511 (STR+1511)
*MODULE library file liblsdyna_s_R14-491-gc5la
is incompatible with binary R14-491-gc51a659fld

Y \NnSyYS
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*DEFINE_PRESSURE_TUBE

0.115

ssure on 1.6m tube aft; 10km/h impact
I ——

0.11

e Supports isentropic Euler (MTD=2)
with adiabatic index 21 (GAMMA)

- Captures non-linear effects,
primarily in high velocity impacts
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Mass Scaling Enhancements

Consider added mass in gravity loading
- See EMSCL on *CONTROL_TIMESTEP and *LOAD_BODY

SMS now supports moving rigid walls —

- By incorporating the motion of the rigid wall into the set of
unknown variables in the mass acceleration system

SMS now supports tied shell edge to solid contact

- By incorporating the rotation degrees of freedom of SURFA
into the set of unknown variables in the mass acceleration
system

SMS now supports inertia element on rigid bodies
- These were inadvertently omitted in the past

Mass by part is output to matsum files
- Both for conventional and selective mass scaling

Y \NnSyYS
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Preloading Bolts

|IZSHEAR=2 for solid element bolts has been extended to KBEND=2 for beam bolts

- Bending resistance invoked to protect the structural integrity of the bolt
——> more robust and realistic

- The prescribed force is distributed over all specified beams to avoid special purpose modelling
—— more robust and easier to handle

- The contraction rate of beams has an upper limit to avoid dynamic effects as bolt heads may
otherwise impact plates with arbitrary velocity. This applies to both solid (IZSHEAR=2) and beam
(KBEND=2) element bolts. —— noise reduction in bolts with play

16 ©20 ©2022 ANSYS, Inc. ntial
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Spot welds or rivets joining more than 2 flanges

* New keyword *DEFINE_MULTI_SHEET_CONNECTORS

n sheets/panels connected by n-1 joining elements (current max. n=4)

Material and failure behavior of joining elements can be described based on
geometric and material properties (thicknesses, yield stresses, etc.) of all n sheets involved

Better failure prediction through this information exchange
Currently available for single hex elements with *MAT_100_DA

$ D SIGY
100
*DEFINE FUNCTION
100

/ func(tl,t2,t3,t4,syl,sy2,sy3,sy4,...)=...

sh
ells pip 1 =~ Q
V4 ‘/‘

/
Shells PiD> hex1 \
s

he/ 'r‘/‘

3-sheet rivet

18 ©20 ©2022 ANSYS, Inc. ntial



Updates for SPR3 connectors

New options for *CONSTRAINED_INTERPOLATION_SPOTWELD aka “SPR3”

* Connection to thick sheets or volume components
- Meets increased demand for using hex and tet elements e e o

* Connection to in-plane composed parts, i.e., part sets
- E.g. tailor welded blanks or other areas with different properties

* |Introduction of “peel ratio”
- Better load and failure prediction in bending-dominated cases

» Simplified scaling of properties
- Modify strengths, but keep shape of load-displacement curve Y

Y \NnSyYS
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Isogeometric Analysis

Mapping of forming results to crash
- Keyword *INITIAL_STRESS/STRAIN_IGA_ SHELL

New timestep estimate
(IGADO=1, *CONTROL_TIMESTEP)

- May result in significantly (>50%) larger stable timestep!
Allow the use of *IGA_SHELL elements as rigid bodies
Support for *INITIAL_VELOCITY_GENERATION

Enable *MAT_ADD_DAMAGE_DIEM/GISSMO

Enable various connection modeling techniques
to allow for hybrid models (standard FE and IGA)

- Spotwelds (SPR3), Bolts, CNRBs

20 ©20 ©2022 ANSYS, Inc. ntial

-

Courtesy of BMW Group

Hybrid assembly — Full vehicle front crash

\nsys




*MAT 307 / *MAT_GENERALIZED_ADHESIVE_CURING

* Material to model adhesives during the complete
manufacturing-crashworthiness process chain

- In manufacturing simulation, critical effects such as the Aa—
problem and viscous fingering must be accounted for

- In crashworthiness analysis, rather complex plasticity and
damaging behavior is required

* Implementation basis

- Combines and extends the existing material models
*MAT_252 (TAPO) and *MAT_277 e

- Temperature and degree of cure dependent viscoelastic-
viscoplastic material formulation

- Modular input strategy

* allows the user to freely combine features

Viscous fingering on a LWF KS2-Specimen

tEIEE
E 2
EE

* for each feature different options are available

Input structure

— \nsys
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*MAT 307 / *MAT_GENERALIZED_ADHESIVE_CURING

G(t) Master Curve

* Some Implementation highlights
Viscoelasticity based on Prony-series representation of a master curve R

1,0e403

* Horizontal and vertical scaling option with respect to temperature
e Horizontal and vertical scaling option with respect to degree of cure

Viscoplasticity (based on extended TAPO [1]) L

* Non associated I; — J, plasticity with temperature and curing dependent yield strength o

G [MPa)

1,0E+02

1,0E+00

* New in R14: Distortional hardening with respect to temperature
1,0E-15 1,0E-11 1,0e-07 1,0e-03 1,0e401 1,0E+05 1,0E+09

Material damage (based on extended TAPO [1]) Time
Master curve for a BETAMATE™ by DuPont

* Different equivalent strain measures can be used to govern the damage evolution

New in R14: (pre-)damage due to viscous fingering

* Phenomenological approach solely governed by thickness
strain in the adhesive layer

 Damage evolution active and reversible in liquid phase and
fixed in solid phase

* Value can also be mapped from experimental data

Schematic sketch of a mapping procedure for viscous fingering

[1] Matzenmiller, A., Kiihimeyer, P.: Projekt P1087, FOSTA, 2018

— \nsys
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Enhancements for cohesive elements / materials

« New option UNIAX for *MAT _ADD_COHESIVE

- Eliminates unused (“parasitic”) stress components

& xx | [ 0 T xx
L] ‘{\ ) " -
Oxx) Oyy and 0y, Which result from most y ; w‘+ | =\ | B
constitutive models due to Poisson’s effect =17 || model el e [f:] = l(*_.,-.-}
e e . . . t.'w Y— N w:'l ‘ fs 2z
- Minimizes the effect of kinematic constraints €y 02/t + 03) vz
. . A/ ) O,
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Updates for *MAT _ADD DAMAGE_GISSMO

* Properties depending on more and more variables
Failure/critical strain as function of plastic strain rate, temperature, Lode parameter, and triaxiality
Regularization factor as function of Lode parameter, triaxiality, and element size

i Fadlng exponent as function of element Size, triaXiaIity’ and Lode parameter - ]
- Analytical failure strain, i.e. LCSDG<O0 refers to *DEFINE_FUNCTION, :
got new arguments: plastic strain rate, temperature, history, element size. &

— Improved failure prediction for large variety of applications

50

6 100
e’%@f 150 A</ W =-03180 __— 0.3333
%, 200 S

® —~ 05774 . WY 3
/> 250 (N
(¢ 06667  yess"

 Added new flag INSTF for instability treatment
- This flag governs the behavior of instability measure, F, and fading exponent, FADEXP

— Better agreement with experimental data in post-necking
behavior under various stress states

Y \NnSyYS
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Enhancements for generalized damage model

Keyword *MAT ADD_GENERALIZED DAMAGE aka “eGISSMO”

QI 1 //’ y 4
., 0.8 Y /4
* Domain of Shell-to-Solid Equivalence (DSSE) for shell elements 5 /%ﬁ
- IFLG3=2: special model by Pack & Mohr (2017) for necking under bending E o @,//
. . 20 0.2} / —Dnc
* Total strains as damage drivers (IFLG1=3) g |=Dossi
- This could be interesting for materials without plasticity AT . P . 1

* Improvement for cyclic loading if damage driver drops now and then
- New option IFLG4=1 prevents undesired damage evolution

More solid material models supported
- *MAT_058 (composites), *MAT 133, *MAT_199, *MAT_233 (rolled/extruded metals)

Y \NnSyYS
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Glass model enhancements (*MAT _280)

stress

* Optional damage model invoked by input of fracture energy R

- Orthotropic damage model with linear softening
governed by crack opening strain

- This can replace the existing approach G
of stress reduction over a few cycles

» Spatially varying distribution of properties
- Scale factor for FT (tensile strength) on history variable #13
can be defined per element with *INITIAL_STRESS SHELL

- ... or as automatically generated distribution
by the new keyword option _STOCHASTIC
(needs *DEFINE_STOCHASTIC_VARIATION)

26 ©20 ©2022 ANSYS, Inc. ntial



Adiabatic shear bands (ASB) in thick ductile metals

* New option for *MAT _TABULATED JOHNSON_COOK (MAT 224)

- BFLG=1: dissipation factor B (aka “Taylor-Quinney coefficient”) can now be a function
of maximum shear strain, strain rate, and element size using a TABLE_3D

- This allows simulating ASB initiation (thermal softening) using meshes with element sizes

relevant to practical aerospace applications
- Based on PhD research by S. Dolci (GMU) for im&;

2

W5 75e+02
6.938e+02
6.500e+02
6.063e+02
5.625e+02
5.188e+02
4.750e+02
4.313e+02
3.875e+02
3.438e+02
3.000e+02 _|

ballistic impact

©2022 ANSYS, Inc.



Miscellaneous material model enhancements

e *MAT TABULATED JOHNSON_COOK (MAT 224)

- Thermal efficiency parameter BETA now supersedes the general data
FWORK in the thermal solver in a coupled simulation

- Allows to account for different thermal efficiencies in one model

* *MAT_COHESIVE_MIXED_MODE_ELASTOPLASTIC_RATE (MAT _240)

- New strain rate filtering method simplifies data calibration
- User-defined exponent for the mixed mode failure criterion

« *MAT_NON_QUADRATIC_FAILURE (MAT 258)

- Set hardening variables R, according to initial plastic strain
- Speed-up of about 30% if exponents A and GAMMA are integer values

Y \NnSyYS
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New option for data transfer in one-way coupled simulations

» Offset of temperature results when used as thermal loading
- New parameter TMPOFF in *LOAD_THERMAL_BINOUT

- Enables the switch of temperature scales, such that results from a thermal-only simulation in the
Kelvin scale can be applied in a structure-only simulation in the Celsius scale

Temperature, middle Temperature
2.273e+03 2.020e+03
2.073e+03 _| 1.820e+03 —I
1.873e+03 1.620e+03
1.420e+03
1.220e+03
1.020e+03
8.200e+02
6.200e+02
4.200e+02
2.20(Je+02:|
2.000e+01

1.673e+03 _
1.473e+03 _
1.273e403 _
1.073e+03 _|
8.730e+02 _
6.730e+02

4.730e+02

2.730e+02_|

*LOAD_THERMAL_BINOUT
(TMPOFF=-273)

Structure-only welding simulation
with temperatures in Kelvin scale with temperatures in Celsius scale
and an adapted mesh

Thermal-only welding simulation
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Conclusion

DM mainly develops for implicit and materials
- but also IGA, connections, thermal, general core functionalities, ...

* New features and enhancements mostly customer-driven
- focus on improving results (predictability), accuracy, and efficiency

Mainly Automotive
- but also Aerospace, Manufacturing, Consumer Goods, Biomedical, etc.

All presented new features will be available in LS-DYNA 2023R1

hank You!






