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INTRODUCTION TO
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WHAT IS MSC NASTRAN?

- Evolution of engineering
challenges:

— Complex systems vs. "just parts”
— Interacting environments
— Disparate tools and databases

- Constant engineering
challenge:

— More work in less time
— Higher fidelity solutions

« MSC Nastran answers these
challenges

— Multidiscipline capabilities
— Common analysis model format
— Increased efficiency




MSC NASTRAN SUMMARY

« MSC Nastran brings powerful multidiscipline capabilities

— Advanced Linear Solution Library
 Full 3D Contact in Linear Static
* Glued 3D Contact in All Linear Solutions
— Advanced Nonlinear Solution Library
 Full Nonlinear Contact Algorithms
« Advanced Nonlinear Elements
 Analysis Chaining
— Integrated Explicit Capabilities
« LS-Dyna and Dytran Components
» Crash Analysis, Drop Test, Impact
« Supported from MSC Nastran
* Input File
* Fluid-Structure Interaction
— Advanced Composite Capabilities
— Connector Elements

— Advanced Acoustic Options

MSGC




MSC NASTRAN - OVERVIEW

Advanced Integrated Nonlinear (SOL400 _

Adaptive Stepping Enhancements for static and
dynamic analyses

Linear Perturbation Analysis

Nonlinear connectors elements

Nonlinear materials and elements (elastomers, soils,
plasticity, shape memory)

Progressive failure analysis

Micromechanical failure analysis and composites
modeling using technology from Alphastar

Hemi-cube method for radiation

Thermal-structural chaining

N NN NNNENKN
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MSC NASTRAN - OVERVIEW

Advanced Integrated Nonlinear (SOL400) - Contact _

ALLBODY contact

Adaptive time stepping analysis

Improved time step cutback for dynamic problems
with contact to avoid penetration

Moment carrying glue
Breakable and deactivating glue
Beam to beam contact

Shell edge to edge contact
Improved contact performance

Linear/glued contact

N N N N N N N N K
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WHAT IS SOL 400 ?

« Advanced nonlinear solution
process

— mbin iliti f multipl
Co b es capabilities of multiple 26T .
solution sequences and software NL Statics Components
components into a common solution

— Allows for analysis chaining SOL 129

- Automatically chaining together SOL 400 NL Trans
sequences of analyses with output state | Implicit
of one used as input state for another NonLinear

* Model complete processes in a single o

simulation through analysis chaining Component
SOL 159

Trans Heat New
Features

RN
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ADVANCED NONLINEAR

Advanced Integrated Nonlinear

Utilize "native” MSC Nastran elements
* No translation required
Combine static & transient in one analysis
» Pre-stress, transient, steady-state analysis chaining
« Thermal-Structural analysis chaining
« Multiple, independent loadcases in 1 run
« Linear Perturbation
Use general contact capability
 Solid-to-solid, surface-to-surface, edge-to-edge, beam-to-beam, etc.
Go beyond small-strain element limitations
 Large strain elements / materials (shells, solids)

MSGC



ADVANCED NONLINEAR

- Advanced Integrated Nonlinear

— Model large displacement / rotation rigid elements
« Kinematic RBEi elements

— Nonlinear Connectors
- Large displacement / rotation CFAST, CBUSH, and CWELD elements
» “Fuse” capability of CBUSH element

— Simulate Composite Progressive Failure
* Virtual Crack Closure Technique (VCCT)

Cohesive Zone Modeling

Progressive Failure Analysis (PFA)

Genoa Micromechanical modeling

Composite Beam

MSGC



HISTORY OF SOL 400

SOL 106
Nonlinear Statics

SOL 129
Nonlinear Transient

NAS400, Section 1, January 2015
Copyright© 2015 MSC.Software Corporation

S1 -

MSGC




INTEGRATION OF MARC

- As an enhancement to SOL 400, Marc has partly been integrated
by new DMAP modules

- DMAP stands for Direct Matrix Abstraction Programming
— All Solution sequences are written in DMAP
— The DMAP modules IO to the MSC Nastran Database

- Existing Solution Sequences can be modified using DMAP
ALTERs and users can even build their own Solution Sequences

* In contrast SOL 600 is not really part of MSC Nastran. It is a MSC
Nastran input translator for Marc.

MSGC A Software’



WHAT IS PATRAN?

« PATRAN is a finite element pre- and
post-processor, which has been

Solution Type x

Analysiz | Solution Type

integrated with several nonlinear
analysis solvers including MSC o

NASTRAN, MARC, ANSYS and S
ABAQUS/Standard for implicit S o

. test_1 () TRANSIENT RESPONSE
solutions; and DYTRAN and LS-

() NONLINEAR TRANSIENT
DYNAZ3D for explicit solutions.

- All model definition, analysis
submittal and results evaluation can
be done through PATRAN and driven

via the graphical user interface.

() DDAM Solution

Job Mame
test_1 I
Job Description (TITLE)

Select ASET/ASET. .

SUBTITLE

Translation Parameters ..

Solution Type...

- PATRAN online help facility includes
documentation for all GUI forms and e
topics as well as help on MSC

Nastran.

Apply
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WHAT IS PATRAN?

- Patran helps describe the complex
behaviors typical of highly
nonlinear problems

- Patran provides:

— unparalleled geometry integration
capabilities

— robust automated meshing algorithms
(the new parasolid geometry editing
features expand your meshing
options)

— feature-rich, mature pre- and post-
processing capabilities

— Ability to write out complex entities like
geometric rigid contact bodies (nurbs)

— Fields for spatial distribution of LBC or
complex element or material
properties

MSGC A Software’



PATRAN IS A PRE- & POST-PROCESSOR

Geometric Representation
of Model

Patran

Results Visualization

Patran

Pre-Processing
Post-Processing

SUPPORTED SOLVERS

MSC Nastran

Dytran

Marc
MSC FEA
Abaqus
ANSYS

MSC Thermal

MSC Structural Opt.
MSC Fatigue
LS-DYNA3D

MSGC



PATRAN IS OPEN ARCHITECTURE
- Strengths of Patran...

CAD: Other:
 Open Architecture — Interfaces to PUGE Parasolid
i ro Acis
Any CAD or Analysis Program CATIA gos
Euclid \ Step
: : Id
- Patran has interfaces to all major oas / Express
CAD and Analysis Codes — Patran
includes input deck readers for / \
most analysis codes. Provides Analvsis
1; : " YSIS.
. custo_mlzable hook_s for VSC Nastran Other:
importing and exporting model Marc Neutral
information. Abaqus Iges
— Allows you to bring model data to Ansys Step
anywhere/ from anywhere... Ideas Fatigue
LS-Dyna
Sinda
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SIMCOMPANION

« One stop for full online
support

* Find answers to your
questions

« Search across ALL
content

« Subscribe to email
notification

- Single sign-on to ALL
content

« Access to other
support resources

— Case Management Portal
Discussion Forums
— Training Information

Msasmlware‘
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SIMCOMPANION

- Personalized Support via the
following channels

— Web
« Submit a Case Online
- Manage My Cases

— Email

* List of Addresses in Support
Contact Information

— Phone

» List of Phone Numbers in
Support Contact Information

0 Announcing Hew Case

Submit a Case Online

Manage My Cases

Support Contact
Information

i Product Info & Docs
s Training Info
%, Conference Papers

T R ARV e e M SR AP ¥ P S W TSNS S S e N )

Web:

bittge Ssupport mscsoftware comizervicereguest

Email:

Engilizh

- bl Mastran or MEC bastran
- MWD Adams or Acdsms
- Patran

- Dytran

-Eazys

- Fatigue

- Marc

- hvizion

- Sincla

- Sofy

- SimDesigner

- MEC SimManager

- MSC Simkpert
Chinese (Simplified)
Chinese (Tradtional)
Dutch

French

German

ttalian

Japanese

Korean

Mardic

Poruguese

Russian

Spanish

Phone:

Belgium and Luxembourg
Brazil

China - Bejing
Chinz - Shanghs
China - Chengdu
China - Shenzhen
Czech Republic
DACH

Denmark

Finland

France

mzcnastran. support@mscsoftware com
macadams support@msceottware com
mecpatran.suppot@mscsoftvare com
macdytran. suppot@mscsottvware com
eazyd support@mscsoftware. com
mectatigus support@mscsoftvars .com
mecmarc supportmscsoftware com
macmyizion supporti@mscsoftware com
macEinda support@macanttware com
mecsofy support@mscsofteears com
simdesigrer support@msceoftvare com
simmanager support@mscsofhware.com
simxpert support@mscsofteare com
support.cnig@mscsoftware com

support twiEmscsoftware com

sUpport be@mscsoftware com

support. frif@mscsoftveare. com

support. de@macsoftware com

support ti@mscsoftware com

support jpEmscsofteare com

support knEmscsofteeare com

support no@mscsoftware.com

sUporte mechrasi@macaoftware.com
support ruEmscaoftveare com

support es@macsoftvware com

+31 182 536444
0500-591-4346
+86-10-52607000
+86-21-63326655
+86-25-5619927 55
+86-755-23811595
+420 54517 G106
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CONCLUSION

 MSC Nastran Advanced Integrated Nonlinear (SOL400) is a
powerful, easy to use tool for simulating manufacturing

processes and component designs

£
X \hn NS

‘f,v. QF LEPEESE”
b2 ‘
AVAV ﬂhb ‘

<54 W%V% 4yp

SPF of a Housing

Keiper-Racarno car seat

Test and Analysis
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CONCLUSION

Combine the World’s most advanced
Contact and Nonlinear Finite Element
Technology with the World’s Leading
Analysis Code and you get MSC Nastran

This powerful combination will lead to:

Common analysis model format
Increased efficiency
Reductions in:

» Need for physical prototypes

» Model re-creation effort

* Product development time

Increased value of FEA simulation — an
already indispensable tool!!

MSGC



SECTION 2
NONLINEAR VS. LINEAR ANALYSIS
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LINEAR ANALYSIS CONSEQUENCES

- Solving a Linear System of Equations

K-u =P

 In Linear Analysis it follows that:
— Loads are independent of deformation
— Displacements are directly proportional to the loads
— Results for different loads can be superimposed

MSGC



FEM QUANTITIES IN LINEAR ANALYSIS

 Kinematics

- Compatibility

« Constitutive Law

Ue

Element
Displacement
Vector

€

Element
Strains

o)

Element
Stresses

Teq

Displacement
Transformation
Matrix

B

Strain
Displacement
Matrix

D

Stress-Strain
Relationship

Ug

Global
Displacement
Vector

Ue

Element
Displacement
Vector

€

Element
Strains
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FEM QUANTITIES IN LINEAR ANALYSIS

« Equilibrium

T
P = 2T o
External Force
Load Vector Transformation
Matrix
« Constraints
ug = oL

The transformation matrices do not change

Force equals displacement transformation
The constraints (SPC, MPC) do not change

F

e

Element
Forces

MSGC



NONLINEAR ANALYSIS

 In nonlinear analysis, upon deformation the following changes
occur:

— Geometric nonlinearity T disp), &
— Follower forces T force)
— Large strain B

— Material nonlinearity D

— Contact o

- It follows that the system of equations gets nonlinear, the load
sequence is unique and the results must not be superimposed

MSGC



NONLINEAR ANALYSIS

« Since the system of equations has become nonlinear an iteration

strategy is needed

Load,P A

AP

AP /

Iterations
Predictor

/| _:‘1[: oot } Unbalanced
/1, : .
/ 2 R, "4 Loads

o
Displacement, u

MSGC



CONTACT AND CONSTRAINT CHANGES

 Contact

— Deformable to Deformable
« Surface to Surface
« Edge to Surface
- Edge to Edge
« Beam to Beam
— Rigid to Deformable

- SPC/MPC

MSGC



GEOMETRIC NONLINEARITY

- Large displacements and rotations, but small strains

P membrane
l stiffening

nonlinear

N 4.
Uy linear

MSGC



GEOMETRIC NONLINEARITY

- Large disp

lacement and rotation and large strains

Rubber Bearing

Metal _F_orming

3.,709e-02
§.178e-02
6.070e-0Z
5.643e-02
53.0168-02
4.459e-02
3.963e-02
3.436e-02

'

N,
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GEOMETRIC NONLINEARITY

- Buckling

lure

Y
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450000
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GEOMETRIC NONLINEARITY

 Follower Forces

FORCE1/2

mro

mrow

RFORCE

Temperature Loads




MATERIAL NONLINEARITY

* Nonlinear Elastic
— Small strains
— Different curves for tension and compression
— After unloading structure is undeformed

- Hyperelastic
— Normally large strain
— Poisson’s ratio close to 0.5
— Mainly rubber

o)

compression

A
tension
>
€
o
A




MATERIAL NONLINEARITY

- Elastic-Plastic
— Small and large strain G
— Isotropic, anisotropic, pressure dependent
— Initial stress and plastic strain

A loading

unloading

« Cyclic Plasticity \ J €
— Yield stress changes with the number of cycles Y
— Based on the work of Chaboche plastic deformation

MSGC A Software’



MATERIAL NONLINEARITY

 Temperature Dependent
— Stress—strain curve depends on temperature 5 T,
— Applies to each type of material nonlinearity 4

T,
i >
€
- Rate Dependent
— Yield stress depends on equivalent plastic strain rate
— Applies to elastic-plastic material _
©a
>
~p
€



MATERIAL NONLINEARITY

 Time Dependent
— Material properties change with time
— Creep and relaxation
— Visco-Elasticity and Visco-Plasticity

A Rupture

Creep

>

- Shape Memory t

— Material properties depend on crystal structure (Martensite & Austenite)
— Phase changes due to temperature and stresses

a ( ) T,
< ﬁ Deformation
¢ ( ) T, >T,
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MATERIAL NONLINEARITY

Progressive failure of
composites is a nonlinear
phenomenon

Composite Failure Criteria
— Maximum Stress

— Maximum Strain

— Hill

— Hoffman

— Tsai-Wu

— Hashin

— Puck

— Hashin-Tape

— Hashin-Fabric

— User defined (UFAIL)

Yellow: means outer ply,
fully damaged

S
(T
Vactdttgncn,

DAL

hhga s aiy ]
LA g 1
nﬁun## LN

Rigid elliptical cylinder hitting

composite shell
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MATERIAL NONLINEARITY

 Fracture

— Application: Delamination in Composite Analysis

— Methods:
* Virtual Crack Closure Technique (VCCT)
» Cohesive Zone Modeling

decay factarg
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SOL 400 INPUT FILE

* Nonlinear Iteration Strategy
— NLPARM - Nonlinear Parameters for Statics
— TSTEPNL - Nonlinear Parameters for Transient
— NLSTEP - New Nonlinear Parameters

- Geometric Nonlinear Analysis
— param, lgdisp, 1

- Material Nonlinear Analysis
— MATSA1, for elastic-plastic Material

MSGC



SOL 400 INPUT FILE EXAMPLE

SOL 400
DIAG 8
CEND
TITLE = THIS IS A DEMO INPUT EXAMPLE
SUBCASE 10
STEP 1
LOAD = 1
NLPARM = 110
STEP 2
ANALYSIS = NLTRAN
DLOAD = 3
TSTEPNL = 130
BEGIN BULK
PARAM, LGDISP, 1
S 2 O .. oun.. D 6. T S 9 v 0
NLPARM 110 25 ITER 1 15 P NO
+ 0.05 -3
MAT1 1 210000. 0.3 7.85-9 1.2-6
MATS1 1 PLASTIC 1000. 1 1 240.
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DOCUMENTATION

- MSC Nastran

MSC Nastran

— MSC Nastran Demonstration Problems Manual
« contains examples for the efficient use of SOL 400

— MSC Nastran Quick Reference Guide
— MSC/MD Nastran Release Guides
— Implicit Nonlinear User’'s Guide (SOL 600)

Marc User’s Manuals

L B
Marc & Mentat

— Volume A — Theory and User Information
— Volume B — Element Library
— Volume E — Demonstration Problems

MSGC



EXERCISE

- Perform Workshop 1: Linear and Nonlinear Analysis of a
Cantilever Beam.

“a /A\
| II \\
Linear_job1 Nonlinear_job1 é
N II
. ¢
% ]
L, \
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SECTION 3
NONLINEAR SOLUTION STRATEGIES

NAS400, Section 3, January 2015
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OVERVIEW

* Nonlinear lteration Techniques
- Analysis Convergence

- Advancing Schemes

- Load Incrementation Control

* |teration Parameters

* Nonlinear Output Control

- Restart

 General Guidelines and Limitations
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BASIC CONCEPT OF NL ITERATION

As discussed in the last section, nonlinear FEA requires the use
of iterative solution techniques

MSC Nastran implements several potential method options:

(Full) Newton-Raphson

Pure Full Newton Raphson (same as Full but with ‘errors’ calculated based
on incremental changes, i.e. not total)

Modified Newton Raphson ( differing from Full Newton-Raphson by how
often the stiffness matrix is reformed)

Quasi-Newton (sometimes called a ‘generalization of the secant method’)

Secant Method (Mar101 notes state ‘the secant method is based on quasi-
Newton update’)

Arc length method
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ITERATIVE SOLUTION METHODS

Pure Incrementation Schemes:

Load applied incrementally
No iterative correction

Residual eliminated on an incremental
basis

Path history
Stiffness updated incrementally
“Drift” from true equilibrium

Incremental-lterative Schemes:

Load applied incrementally

Iterative correction to restore
incremental equilibrium

Path history

Stiffness updated incrementally or
iteratively

Newton-Raphson methods

Load

Load
Increment

ﬁDisplacement
Increment

Displacemerﬁ

Load

Equilibrium
lterations

| Increment

=i
=

‘Displacement
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ITERATIVE SOLUTION METHODS

* For a linear analysis, the solution of equilibrium equations (e.g. Gaussian
elimination) can be applied directly in one step

* For nonlinear solutions both, the stiffness and external forces may be
functions of the nodal displacements.

« The aim is to attain equilibrium between the internal forces {I} and the
external forces {F}.

* For the solution step, we must solve the equations:
« {I} —{F} = Out of balance force vector =0
or
 [K] {u} - {F} = Out of balance force vector =0

« It is not practical to have a zero out of balance force, therefore it is
limited to a small user specified value called the residual force, {R}.
 [K] {u} - {F} = Residual force vector = {R}

* To solve such a nonlinear set of equations, Marc uses a Newton Raphson
procedure (default). This is an incremental-iterative method.
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THE NEWTON RAPHSON METHOD

l(u)—- F(u)= R

— Where R is a small user specified out of balance load called the Residual

Load
Steps 1- 5 are the predictive stages.

Steps 6 - 9 are the corrective (iterative) stages.

|59
-H =
3 ! _5.-' K - Tang=nt Stiffness
4 - _——— = = ______...-?J.; ___________
_';a- R; - Residusl Forcs
i
3
='| By - R=sidusl Force=
s -
= 3
(2 |, - internal Farce 2 | b - Intemnai Force
'.._:.-' K - Tangent Stiffness
B B e
ET LTS Displacement, U
Prediction Correction
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THE NEWTON RAPHSON METHOD

The implementation of the Newton Raphson method typically
uses a Taylor series expansion about the current position to
estimate the displacement correction direction and magnitude.

{F}={0}+a{{F}}{Au}+a{{§}{A uf

Drop quadratic term and compute displacement correction {Au} .
8{F} =[Kr]|=Tangent Stiffness

Ouf

Define tangent stiffness matrix:
{(F} =[Kr{Au}

It relates small changes in load to changes in displacement.
{Aut=[Kr]{F}
The procedure involves the computation of {Au} for a given {F}

Stop iterations when the residual ( {I} — {F} ) is equal to the user
specified tolerance.
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Quadratic rate of convergence
Needs few iterations to converge

Evaluation and (maybe)
inversion of tangent stiffness
matrix at each iteration

Expensive for large systems

Less likely to converge to an
unstable solution

Recommended (default) method

Recommended for GNL
(geometric non linear) solutions

May fail under extreme material
nonlinearity (e.g. brittle
cracking)

THE NEWTON RAPHSON METHOD

Recalculation of
tangent stiffness, i.e.
slope, at each iteration

!

o\

V

I
I

I

I
Force :
I

sul
P
I

v

Solution Converged

0 Al Au? AP

Incremental Displacements

|
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THE MODIFIED NEWTON RAPHSON METHOD

« Evaluation and inversion of Note for Modified Newton Raphson same slope for all
tangent Stiffness matrix Only iterations — i.e. no recalculation of tangent stiffness
at start of each increment
\ Modified Newton-Raphson Method
- Slow convergence behavior &t \ | ——
- More iterations to converge 11— - ”i J‘My’i\w—'
, [/ [*
- Computationally inexpensive 05| Resiualy / *’ : 1
per iteration LE | 7))/ o
06 e -l .
- May be essential for extreme ' T
material nonlinearity oat f/ ||
- May be assisted using 02 // : e
additional “iterative - ol J Displacement (u)
acceleration” techniques "o 05 1' 15

 Suitable for mildly nonlinear
problems
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MODIFIED VS. FULL NEWTON CONVERGENCE RATES

« The graph shows the residual
and displacement
convergence norms during a
nonlinear increment for NR
and MNR.

 MNR has decreasing
convergence rate behaviour.

* For a highly nonlinear
application, MNR will be
much slower than NR.

®—® Residual Checking
B—8 Disp. Checking
Default Talerance

G—0O Residual Checking Madified

O—Ha Diap. Checking Madified

Canvergence Ratio

Recycle Number
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OTHER ITERATIVE SOLUTION METHODS

« Strain Correction Method
— A variant of the full Newton method.

— Appropriate for shell and beam problems in which rotations are large, but
membrane stresses are small.

— In such cases, rotation increments are usually much larger than the strain
increments, which cause nonlinear terms to dominate linear terms.

— The iterative procedures start with a fully linearized calculation. This means
that the nonlinear contributions yield strain increments inconsistent with the
calculated displacement increments in the first iteration. These errors give
rise to either:

* Incorrect plasticity calculations (when using small strain plasticity method).

 Or, in the case of elastic material behaviour, yields erroneous stresses. These
stresses have a dominant effect on the stiffness matrix for subsequent iterations
or increments, which then causes relatively poor performance.
— This method uses a linearized strain calculation, with the nonlinear portion
of the strain increment applied as an initial strain increment in subsequent
iterations.
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OTHER ITERATIVE SOLUTION METHODS
Secant Method

The secant method is similar to the
modified Newton-Raphson method.

The secant method is based on the
Davidon-rank one, quasi-Newton
update.

The residual is then modified to
improve the rate of convergence.

When the iterative solver is
employed, simple back substitution
is not possible, making this process
ineffective. Instead, use the full
Newton-Raphson method.

The secant method is not available
through Mentat.

Force

rq /

Au'l Au?

Incremental Displacements

Fi4

Displacement

MSGC
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BASIC CONCEPT OF NL ITERATION

1.

3.

Load, P

AP,

Load

Incremeng
APy

AU

A

5. Ry - Unbalanced
Load
6. Kq-Estimate 4
1-Esumate 4. F, - Element
of Tangent
Stiffness Force

2. K, -Estimate of

Tangent Stiffness

o - Displacement
Predictions

Displacement, u

7. AU, - Displacement
Correction

- Unbalanced

- Element

Load

Force
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BASIC CONCEPT OF ITERATION
Multistep Approach

Determine an increment (e.g. load, displacement or arc length)

Determine an estimate of the tangent stiffness matrix (default). The user
can request that the stiffness matrix remains the same or will be updated
exactly (tangent stiffness matrix).

Determine the displacement increment
Calculate the element forces

Calculate the unbalanced load and check for convergence. If converged,
go to Step 1

MSGC ASoftware



BASIC CONCEPT OF ITERATION

If not converged, continue as follows:

Determine an estimate of tangent stiffness matrix
Determine the displacement increment due to the unbalanced load
Calculate the element resisting forces

Calculate the unbalanced load and check for convergence. If converged,

go to Step 1. If not converged, go to Step 6 or start the divergence
procedure (explained later).

MSGC



FULL NEWTON RAPHSON METHOD

- Stiffness Update at each iteration

1. Load Increment =
P-F,=R,

3. KyA up =R,

6. FormK,
Ko ) /’?/
ad K‘l

J"f.-’--.--_--—_——-_-

-
-
o |
I I

4. Element Force F,
| |
I

~~~_ R4 9. Unbalanced Force

|
\ : : 7. K1 A U1 = R1
\ | |
0 2. Current :State: 8. Element Force F,
Form K[}' "*
Ug Uq us

ﬁ.llg ﬁ.U1
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FULL NEWTON RAPHSON METHOD
- Mathematical Algorithm

Solve: K(ug)Aug = P—-F5 = AR(up)
u; = Uy +Aug
Solve: K(uy)Au, = R(uy)
u, = u,; +Auy
Solve: K(u,)Au, = R(u,)

”3 = U2+AU2

until reaching convergence
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QUASI NEWTON METHOD

- Approximate Stiffness Update at each iteration based on BFGS
Method (implies only 8 vector products instead of generation,
assembly and decomposition of the exact stiffness matrix)

« Limited to the maximum number of Quasi Newton vectors MAXQN

- The exact stiffness matrix will only be updated when the
convergence is expected to be faster and in case of divergence
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QUASI NEWTON METHOD
- Approximate Stiffness Concept for 1 DOF

K« Secant Stiffness
P -g————- A — (SR i
77—~ R;=P-F R_,- R
h Km =
P—Fii1 =Rj_4 K. Au, 4
Ri1—Rj=F;i—Fi4
(Modified) R,
Fiqlo——eo Yy ] v = K -
Au; _,
Au;_1
= " = K - K,
™ m /

spring in the direction
of unbalanced force
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LINE SEARCH

- Improves the displacements for an iteration

— Finds the Line Search Factor a at which the error function E(a) falls below
the Line Search Tolerance LSTOL (for E see next page)

— The Line Search Factor a is 0 at the start of iteration i and 1 at its end
— When E(0) and E(1) have the same sign, extrapolation will be used
— Otherwise interpolation will be used
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LINE SEARCH

 Interpolation

ED =1
(k is within i) | '\

solution at iterationi - 1
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PERFORMANCE COMPARISON

- Example: simple quadratic function

k=25
Exact Solution
F(uy=P
F, —u®+6u=-8
6 . (62
-~ 4+ = _
u 2 _.'.Jl[z] 8
U1 =2
I..I2 =4
- —a ] ! - U
Uy Us U
1 2 3. 4

R <0.01
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PERFORMANCE COMPARISON

- Full Newton-Raphson Method (quadratic rate of convergence)

Iteration Initial U | Initial R K AU Final U F Final R
1 1.0 3.0 4.0 0.75 1.75 7.4375 0.5625
2 1.75 0.5625 2.5 0.225 1.975 7.9494 0.0506
3 1.975 0.0506 2.05 0.0247 1.997 7.9940 0.006

« Quasi Newton Method

Iteration Initial U | Initial R K AU Final U F Final R
1 1.0 3.0 4.0 0.75 1.75 7.4375 0.5625
2 1.75 0.5625 3.25 0.1731 1.9231 7.8403 0.1597
3 1.9231 0.1597 2.327 0.0686 1.9917 7.9833 0.0167
4 1.9917 0.0167 2.084 0.008 1.9997 7.9994 0.0006

MSGC
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PERFORMANCE COMPARISON

 In contrast, Modified Newton-Raphson (linear rate of

convergence)
— No stiffness update during an increment

Iteration Initial U | Initial R K AU Final U F Final R

1 1.0 3.0 4.0 0.75 1.75 7.4375 0.5625
2 1.75 0.5625 4.0 0.1406 1.8906 7.7692 0.2308
3 1.8906 0.2308 4.0 0.0577 1.9483 7.8939 0.1061
4 1.9483 0.1061 4.0 0.0265 1.9748 7.9490 0.0510

1.9748 0.0510 4.0 0.0128 1.9876 7.975 0.0250
6 1.9876 0.0250 4.0 0.0063 1.9939 7.9878 0.0122
7 1.9939 0.0122 4.0 0.0031 1.9970 7.994 0.006
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ATLANTA - HUNTSVILLE - NEWTON-RAPHSON

Many Decisions to Make, Sharp Turns, etc.

(like Calculating Stiffness Matrix)

Many Decisions to be made
Calculate {K} many times
Like Newton Raphson

Distance 195 miles 3 hrs 45 mins

Chattahoochee

Chatswarth ®
MNational Forest

Decision — Go through junction of Hwy Rt 53

Chattanoogd
s East Ri
!
Toney
)
Rock 5
Athen: A
Tan
Madi Lafayette
D)
Decatur
D)
L. Rainsvil
H elle Fort Payne

Guntersville

a

Decision — Turn Left in Summerville on Rt 48 [\\\ :

Dahlonega I

Decision -..exit 306 from I-75

To 140 W

o Decision - Right at T Junction to keep on Rt 140
SR Ny ST A W S S
i
o | Decision - Take I-75 N ..exit 20 from 1-285 | "o o
"1 Each Decision Takes Time, say 1 sec Decision — Get on 1-285 W
oo It is Like Calculating Stiffness Matrix LJ |
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ATLANTA - HUNTSVILLE - MODIFIED NEWTON-RAPHSON

R} .| Decision — Get on to Rt 72 VHV_J Ve
v ed Bank 4Hamson @
_ i Decision — Get on to 1-24 W
1)
v Q) r / Pagg; Id «
Only 4 Decisions to be made o
Madison Ellijay Nt F
1 SRV Calculate {K} only 4 times {
| | Like Modified Newton Raphson
& Distance 221 miles 4 hrs w
Albertville -Ej-, Rome § = @ @. ake Sidpej e
Cullman @ """ (F
Ik 3 ;u/l
oot X Gadsdensy, | TP Cedaown iy
-
T
(I:' Jacksony ille n s
ville w n
.| Decision - Take I-75 N ..exit 20 from 1-285 T elw
Center Point ==
SR Each Decision Takes Time, say 1 sec Decision — Get on |-285 W
Birmingham 1 . . . . . (ac3) Jonesboro
ey, Hoowoog It is Like Calculating Stiffness Matrix
Bessemer Hoover F'Eﬂfi';: EEEEEE pif
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ANALYSIS CONVERGENCE
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ANALYSIS CONVERGENCE

- Implementation of previous discussion in MSC Nastran

- Each load increment requires ‘Convergence’

« Two aspects to the convergence control

— The convergence criteria
» Residual Norm
 Displacement Norm
 Strain Energy Norm

— The convergence tolerance

* Threshold value below which
convergence is deemed to have
occurred

Convergence
Monitor

/

Convergence
Criteria

\

Convergence
Tolerance
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ANALYSIS CONVERGENCE

« The convergence criteria monitor the extent to which the iterative
procedure has reached equilibrium state.

« Termination of the iterative process when the convergence ratio is less
than the specified tolerance (default 0.1 for residual and displacement).

 Too ‘slack’ a tolerance gives a false state of equilibrium. In this case, the
reference state used during the iterative procedure can “drift” from

equilibrium and may cause the material response to differ from the true
response.

* Too ‘tight’ a tolerance results in unnecessary iterations.

Residuals jump at

Residuall start of a new increment
CF-,?rC-e l Residuals decrease as the
riceria

iterative procedure works

Numerical
Convergence

Prescribed value
below which_____

________________________________ .
convergence AN Convergence
is assumed Increment . ~ Tolerance

| >
Iterations
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CONVERGENCE CRITERIA

 For SOL400 Several Convergence criteria are available
— Relative Residual Criteria
« Ensure that the out-of-balance force is much smaller than the external forces.

— Relative Displacement Criteria

« Ensure that the maximum displacement of the last iteration is small compared to
the maximum displacement of the increment.

— Relative Strain Energy Criteria

» To ensure that the iterative strain energy is small compared to the strain energy of
the increment.
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CONVERGENCE CRITERIA

- Because Displacements and Residual Forces are vector
quantities there are three methods to compute the ‘ERROR’
criteria for them:

— Weighted average method
* the errors are computed using the weighted average of all DOF’s of the model.
Default.
— Vector component method
« convergence checking is performed on the maximum vector component of all
DOF’s in the model.
— Length method

* the length of a vector at a grid point is first computed by the SRSS method. Then
the error checking is performed on the maximum length of all grid points in the
model.
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CONVERGENCE CRITERIA

- For displacements and energy the calculation of the convergence
criteria quantities can be relative w.r.t the increment or absolute
w.r.t the actual solution, i.e., for energy:

Ae' Ae'
— < EPSW or — < EPSW
Ae

inc

P iteration
A )
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CONVERGENCE CRITERIA BN

Relative Residual Criteria of [ [ 4
Aim: Ensure that the out-of-balance force &« /’ 5
much smaller than the external forces. W/

Lt s s
||Fl"(3$'l.dllal||ao < TOLI 0.2 |lf?/ﬁ Recycle 1 | 2 3 -
||Fi‘€(1CinI?||Do 4 Displacement (u)

Newton-Raphson Method

1
f ]

\«Innz

a 05 1 1.5

|IF esiqualll 1S the internal (out of balance) force vector and represents the
component with the highest absolute value.

|IF eactionl] 1S the external reaction force vector and represents the
component with the highest absolute value.

TOLA1 is the user specified convergence tolerance (default 0.1).
Moments can be included in a similar way according to:
|7
I

reaction"m

resia’u(/l" oo " re stdual" oo

<TOL, an

<TOL,

" l(_(!('UOl?"oo

« where ||M|| represents the moment vectors
TOL2 is the user specified convergence tolerance (0.1).
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CONVERGENCE CRITERIA

- Relative Displacement Criteria

— Aim: Ensure that the maximum displacement last iteration |
is small compared to the maximum displacement of the
increment/solution F

oul., .,
|Aul., !

— ]|au]| is the maximum correction to the incremental
displacement vector (iterative displacement).

— ||Aul| is the maximum incremental/solution displacement.

— TOL1 is the user specified convergence tolerance (default 0.1).
— If TOL1 < 0 ERROR is calculated relative to Au of increment

— If TOL1 > 0 ERROR is calculated relative to Au of solution

— Rotations can be included in a similar way according to:

Iul.. <TOL, and —— 159.. <TOL,
AT, [Aol.
where ||¢|| represents the rotations
— TOL2 is the user specified convergence tolerance (0.1).

— A disadvantage of this approach is that it results in at least one iteration, regardless
of the accuracy of the solution.
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CONVERGENCE CRITERIA

Relative Strain Energy Criteria
— Aim: To ensure that the iterative strain energy is small compared to the

strain energy of the increment.

With this method, the entire model is checked since the energies are the
total energies, integrated over the whole volume.

OF
— < TOL
AE OL,

JE is the iterative change in strain energy.

AE is the incremental strain energy.

If TOL, < 0 ERROR is calculated relative to Au of increment

If TOL,> 0 ERROR is calculated relative to Au of solution

TOL1 is the user specified convergence tolerance (default 0.1).

A disadvantage of this approach is that it results in at least one iteration,
regardless of the accuracy of the solution.

The advantage of this method is that it evaluates the global accuracy as
opposed to the local accuracy associated with a single node.
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CONVERGENCE CRITERIA - SUMMARY

Convergence No V and N used in conjunction with V used in conjunction with N used in conjunction
Mode UPW UPW with UPW

Displacement EPSU=|K"2ddu| / |K"2du| EPSU=max(ddu) / max(du) EPSU=max|ddu| / max|dul|
checking: U K — diag. stiffness ddu — iterative disp at DOF |ddu| — iterative disp magnitude
ddu — iterative disp du — incremental disp at DOF |du| — incremental disp
du — total disp if EPSU > 0 magnitude
du — incremental disp if EPSU < 0
Residual EPSP=|R*U| / |P*U]| EPSP = max(R) / max (F) EPSP = max|R| / max |F|
checking : P R — residuals R = residual at DOF |[R| = residual magnitude
P — external loads F = reaction at DOF |F| = reaction magnitude
U — total disp Separate checks for forces Separate checks for forces and
and moments moments
Energy EPSW=|F ddu|/ E EPSW=max|F ddu|/max Same as V checking
Checking : W F — internal forces |Fdul
ddu — iterative disp. )
E — total energy if EPSW > 0 F - internal forces
E — incremental energy if EPSW < 0 ddu - iterative disp

du - incremental disp
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RELATIVE CONVERGENCE CRITERIA ISSUES

« Some analyses cause the relative convergence criteria to become
meaningless:

— Maximum displacement increment becomes too small.
« maximum displacement change at node 3 degree of freedom 1 is equal to 2.3E-13
« maximum displacement increment at node 2 degree of freedom 1 is equal to 6.9E-09
« displacement convergence ratio 3.462

— Maximum reaction force becomes too small.
« maximum residual force at node 2311 degree of freedom 1 is equal to 6.058E-08
« maximum reaction force at node 2294 degree of freedom 2 is equal to 1.460E-08
+ residual convergence ratio 4.148

— Extremely small strain energy density.

- Each of these scenarios represent the denominator of the convergence
test becoming (numerically) too small to handle. That is, dividing any
numerator by, say, 1e-1? will cause a large convergence norm.

« This gives the wrong impression that the analysis is not converging.

 Remedies:
— Specify Auto-Switch (see later)
— Remove offending criteria
— Tighten remaining criteria
MSGC ASoftware



RELATIVE CONVERGENCE CRITERIA ISSUES

Convergence Variable

Analysis Type Displacement/ | Residual Force/ | Strain Energy
Rotation Torque
Stress-free motion Yes No No
Springback No Yes No
Free Thermal Expansion Yes No No
Constraint Thermal Expansion No Yes Yes

Yes — Relative tolerance testing works well
No - Should use auto-switching also.
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AUTOMATIC CRITERIA SWITCHING

- Remedy to meaningless convergence criteria.

[CIProceed if not Converged Inttisl Stress Stitfness:
- Automatically detects small values in S
convergence calculations, and Trp——

— Switches to residual checking, if displacement i =
increments become very small s
(Max_Disp_Inc./Smallest_Elem_Size < 1E-06). e T

— Switches to displacement checking, if reaction forces e
become very small (<1E-08). o e svacrg

— Switches to energy checking if structure is free of .
stress and deformation (strain energy density <1E-15). N——— 5

- Automatic switching is only available for relative

testing (only testing type available in SOL400)

ol [Lean] [Loces

Auto +Relative + Auto _ Robust
Step = Criteria Switch™ Solution
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AUTOMATIC CRITERIA SWITCHING

« This example uses displacement

convergence testing throughout
the analysis of both draw
bending and spring-back.

Inec: 70
Time: 1.000=+000

4.003=-001

- At the last stages of the spring-
back analysis, the convergence
testing is automatically switched
to strain energy testing due to
extremely small displacement o
increment. |

-2.286e-004 ¥

lcase?Z

Total Egquivalent Plastic Strain

Draw bending and spring-back
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AUTOMATIC CRITERIA SWITCHING

« This example uses residual

force convergence testing

throughout the analysis.

- However, at the beginning of the
analysis the key has rigid body
motion which results in very
small reaction forces.

- Therefore the convergence

testing is automatically

switched to displacement
testing and reset to residual
testing as soon as the key
comes in contact with the lock.

MSGC



DIVERGENCE

- Several conditions exist for which an iteration is said to diverge

— Convergence cannot be achieved within the maximum number of iterations
MAXITER

— The number of divergences (NDIV) reaches or exceeds the maximum
MAXDIV

« NDIV=NDIV + 2, when the error ratio E (see line search) exceeds 1 or falls
below -10"

- NDIV=NDIV + 1, for -10" < E < -1
— An element related limit is exceeded during an iteration, i.e. FSTRESS

- A combination of bisection and stiffness updates will be used to
recover the solution
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ANALYSIS CONVERGENCE - GENERAL
RECOMMENDATIONS

- There is no single ‘right’ set of convergence criteria

- Program defaults attempt to make ‘intelligent’ selections, these

should provide a good starting point. Use CTRLDEF settings
discussed in future section

- Relative convergence testing is the default, in some cases it is not
the best solution:

Convergence Variable
Analysis Type Displacement/ | Residual Force/ | Strain Energy
Rotation Torque

Stress-free motion Yes No No
Springback No Yes No

Free Thermal Expansion Yes No No
Constraint Thermal Expansion No Yes Yes

Yes - relative tolerance testing works.

No - relative tolerance testing doesn't work.

- Auto-switching is, by default, not activated but can prevent
inappropriate convergence requirements
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ADVANCING SCHEMES
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ADVANCING SCHEMES

* The iterations take place within increments, the increments

belong to steps and the steps belong to subcases. Example:

SOL 400
CEND
TITLE = ADVANCING
SUBCASE 10
STEP 1
LOAD =
NLSTEP
STEP 2
LOAD =
NLSTEP
STEP 3
LOAD =
NLSTEP
BEGIN BULK
NLSTEP 1
A fixed 10

SCHEMES

I w I w =
N [ =

1

+ mech PV

0.001

pfnt

SUBCASE
STEP1 STEP 2 STEP 3
‘- » > o«
P2 |
I
R :
-‘E Pi A .
= 1 I
o | '
I I
I I
] I
I |
1t 'ty t3
: .

INCREMENTS ! (Time)

ITERATIONS —subdivide INCREMENTS

(not shown)

- SUBCASE (Independent top level)

STEP (subdivide SUBCASE)

* INCREMENT (subdivide STEP)
* ITERATION (subdivide INCREMENT)

MSGC

Software



ADVANCING SCHEMES

« The SUBCASESs are independent

— This is different to SOL 106/129 where a subcase starts at the end of the
previous subcase

— to step back to the old SOLs 106/129 behavior one can use system cell 366
(STPFLG) = 1

- A STEP starts at the end of the previous step or after the
increment defined by NLIC

- Each step can be performed with another type of analysis, i.e.
statics, transient, normal modes, frequency response, etc.
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LOAD INCREMENTATION CONTROL

- There are three principal ways to apply loading in SOL400:

— The total load is divided equally into a number of specified solution
increments. F

L
Constant load incrementation (“Fixed”) AF =—

N,

inc
— The next load increment is evaluated from the previous load multiplied by a
growth/reduction factor.

Variable load incrementation

. -
(“adaptive”) AF' =a -AF"

— The next load increment is evaluated from the previous load increment
multiplied by the arc-length magnitude.

Variable load incrementation AFi :M JF

(“adaptive/arc- length”)
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LOAD INCREMENTATION CONTROL

 Fixed
— Gives more user control.

— Good where nonlinearity is mild
or where the response is smooth. :;p

Loading

|

YN

- Adaptive
— Recommended method ol
— Automatically locates and .
handles sudden nonlinearity. 1 2 3 Increment Number
T,
9 More solution information

T obtained where problem is
most nonlinear.

Increment ——»

Displacement

MSGC ASoftware



THE TIME SCALE

« SOL400 uses the concept of time to monitor load incrementation — even in static
analyses (typically, a time period of unity for each STEP).

« It is invaluable in providing a scale over which a history of events is described when
using load tables.

* For fixed increment load incrementation both the number of increments required and
the total time of the solution are specified.

* For adaptive load incrementation, only time is needed.

- Easy to determine how far the analysis has progressed from the time output. The
increment number does not give this information in an adaptive solution (50th/100
increments is not necessarily half way through).

INFORMATION ATMMARY OF JOB @ hertz

1.0

CASE INC ITER SEPA COT ITER  3PLIT  SEPAR  CUT REMESH TIME STEP  TQTAL TIME

s t t ¢ # s s t & of of
Relative |--of the ine--|--------- of the analysis---------- | the ine the Jaob
load i] I R 1 i] 0 0 0 0.00D0E+00 0.0D00E+00
) 1 110 0 E 0 0 0 0 1.0000E-01 1.D0D0E-DL
magnitude 12 1 0 0 3 0 0 0 0 Z2.0000B-01 3.00005-D1

13 1 0 0 4 0 0 0 0 4.00008-0%C7.00008-01 D
1 i1 0 0 G i] 0 0 0 2.0000B-01 1.0000E#0C0
2 504 10 9 0 10 0 L.0000B-0L 1.1000E#0(
2 S I 1 i] 2 0 0 Z.0000B-DL 1.3000E#00
? 701 10 15 i] 30 0 4.0000B-0L 1.7000E+00
2 B 1 0 0 16 0 30 0 3.0000B-01 2.0000E+00
0.0 X Joh ends with exit number : 3004
Time period Indicates that the solution is at t=.7, in

this example the first load case is 1.0 ——

units long so it is .7/1.0 completed
MSC ASoftware



LOAD INCREMENTATION CUT BACK (STEP REDUCTION)

- If convergence is not achievable at a specified
load level, a step “cut back” is carried out.

- It saves having to restart the analysis at a
specified load level. Load A

« A cut back is where an increment is restarted
— but at a reduced load level. Inital Load Level

* The increment number is reset for the Y\gl;;ﬁgjlj;gggnf;;gt;;nafrer
adaptive incrementation_ allowable iterations

Reduced Load Level

- Cut backs will continue until convergence is \
obtained or until the maximum number of Comrged Siion
reductions have reached.

« The maximum number of reductions may be
specified by the user.

[,
Ll

« Following convergence at a reduced level, the Displacement
reduced step size may remain constant (fixed
incrementation) or increase again (adaptive
incrementation).
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PATRAN LOAD INCREMENT PARAMETERS

Analysis |

Object: Entire Model ™

vevos

Code: MSC Nastran

Type: Structural

Available Jobs IE

Job Name
SOMOH: Exalpic

Job Description (TITLE)

SUBTIMLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements. ..

Subcases. .

Subcase Select...

Solution Seguence: 400

Available Subcases

Q0

loefaut ]

Subcase Name
| Default

Auailable Load Cases

=

loefaut |

Analysis Type:

Subcase Options

Subcase Parameters...

[ Output Regquests. ..

7 [ Direct Text Input...

Cancel

Increment Type:

Fixed Increment Parameters
[Mumber of Increments:]

[Total Time:]

[ Solvers / Options.

Nonlinear Geometric Effects:

Nonlinear Geometric Effects:

[Large Displacement/Large Strains

Follower Loads:

[Luads Follows Deformations T ]

% Use Contact Table

[ Load Increment Params.

[ fteration Parameters...

[ Brake Sgueal Parameters..

ok | [ _peaus ]

[Jconstant Time Step

Automatic Cutback

Number of Cutbacks:

| 1.0

[ 10

oK | | Defauts

]
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LOAD INCREMENT PARAMETERS

« The form to control the load
incrementation
— The data required depends

upon the type of load stepping
procedure specified:

 Fixed
or
« Adaptive
or
« Adaptive Arc length
or
« Adaptive Temperature
— It is possible to mix-and-match
different incrementation

procedures in an analysis, each
subcase allows its own settings.

Increment Type:

Fixed v|\

Fixed Increment Parameters

[Mumber of Increments:]

[Total Time:]

[ ]constant Time Step

Automatic Cutback

Number of Cutbacks:

1.0

10

Foeed

Es Adaptive

Adaptive Arc Length

L oc |

[ Defaultz I

[

Cancel
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LOAD INCREMENT PARAMETERS: FIXED

 Number of Cutbacks:
— Optionally invoked

— The increment will stop if the maximum number of cutbacks is reached.
— Upon detection of exit numbers 3002, 1009 or 2400, the increment is cut

back.

Increment Type:

[Total Time:]

= l_ wntare

Fixed Increment Parameters

[Mumber of Increments:]

|:| Constant Time Step

Automatic Cutback

1.0

/—' \
( Mumber of Cutbacks: 10
\ /

[ 0K

I [ Defaultz

I

[

Cancel

I

D

NLSTEP
parameter:

[NINC]

[TOTTIME]

[MAXBIS]
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LOAD INCREMENT PARAMETERS: FIXED

e Number of Increments

— User defined number of load
increments, within which the
total load will be applied in

equal Steps [ .8 [oad Increment Parameters - .8 NLSTEP
° Total Time Increment Type: parameter:
. . Fixed Increment Parameters
- The User deflned tOta| tlme [Mumber of Increments:] 1':'| [NINC]
duration of this step. T 0 [TOTTIME]

[ ] constant Time Step

Automatic Cutback

Mumber of Cutbacks: 10 [MAXBIS]

i 0K i I Defaults ] I Cancel ]
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LOAD INCREMENT PARAMETERS: ADAPTIVE

- Trial Time Step Size

Patran : Initial fraction of
loadcase time

User defined time increment

The starting value for the load
stepping procedure.

For example, given a total
solution time of unity, a starting
step size of 0.01 would
represent 1% of the total load
to be applied.

Use default value
Discussed later

Adaptive ¥

Increment Type:
Adaptive Increment Parameters

[Trial Time Step Size:] o.M
Time Step Scale Factor: 1.2
[Minimum Time Step] 1e-005
[Maximum Time Step:] 0.5
[Max # of Steps:]
[Total Time:] 1.0

[# of Steps of Output]

Inertial Damping (Nastran Defautt ¥

0.0002

Criteria...

NLSTEP
parameter:

[DTINITF]
[SFACT]
[DTMINF]
[DTMAXF]
[NSMAX]
[TOTTIME]
[INTOUT]
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LOAD INCREMENT PARAMETERS: ADAPTIVE

* Minimum Time Step

o ent Dararmote % [ —

— Patran: “[Minimum Time Step:]” increment Type: parameter:

— The solution algorithm is not allowed Adapive Increment Parameters
to use a time step smaller than this. R ke b 2 [DTINITF]

— The analysis will not stop if it is Tie Sip S o = [SFACT]
reached. [Minimum Time Step:] 1e-005 [DTMINF]

— The default value is the smaller of the ||| MaximumTime Step: 0.5 [DTMAXF]
current time increment or 1E-05 times | max# ot stepsy INSMAX]
the total time. [— iy [TOTTIME]

« Maximum Time Step (optional) | @ersiescrous [INTOUT]

— Patran: “[Maximum Time Step:]” -

— The algorithm is not allowed to use a || | lesEnoeEut Y
value larger than this.

00002

— The analysis will not stop if it is _
reached ) Criteria...

L 0K J I Defaults ] I Cancel
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LOAD INCREMENT PARAMETERS: ADAPTIVE

« Total Time
— Patran: “Total Time”

— The user defined total time
duration of this loadstep.

« Max # of Steps
— Patran: “Maximum # Steps’

— The maximum number of
increments in the current
loadstep.

— The analysis will stop if it is
reached.

)

: = NLSTEP
Increment Type: _Adapti'.r& =
[assgive | parameter:

Adaptive Increment Parameters

[Trial Time Step Size:] 0.01 [DT|N|TF]

Time Step Scale Factor: 1.2 [SFACT]

[Minimum Time Step:] 18-005 [DTMINF]

[Maximum Time Step:] 0.3 [DTMAXF]

[Max # of Steps:] [NSMAX]

[Total Time:] 1.0 [TOTTIME]

[# of Steps of Output] [|NTOUT]

Inertial Damping (Nastran Defautt ¥

00002
Criteria...
E QK i I Defaults ] [ Cancel
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LOAD INCREMENT PARAMETERS: ADAPTIVE

« # of Steps of Output

Patran: “# of Steps of Output”

By default MSC Nastran will output
for all increments to results file

For highly nonlinear analysis,
when using adaptive increment
time stepping very large numbers
of increments can be required
resulting in very large results files.

In those cases limiting the number
of output steps is important to
prevent very large result file.

In the example shown MSC
Nastran will output 10 evenly
spaced sets of results during the
increment duration of 1.0, thus
results at, or near, solutions at
1,.2,.3,...

g s o NLSTEP
nerement iype parameter:
Adaptive Increment Parameters
[Trial Time Step Size(] 0.01 [DTINITF]
Time Step Scale Factor: 1.2 [SFACT]
[Minimum Time Step] 1e-005 [DTMINF]
[Maximum Time Step:] 05 [DTMAXF]
[Max # of Steps] [NSMAX]
[Total Time:] 1.0 [TOTTIME]
[ [# of Steps of Output] 10] ] [INTOUT]
inertial Damping [Nastran Defautt ¥ |
0.0002
Criteria...
| OK | |  pefauts | |  cancel
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LOAD INCREMENT PARAMETERS: ADAPTIVE

- Time Step Scale Factor

Factor used to
increase/decrease the time step
is user-defined (default is 1.2).

No increase of the time step
during the current increment.

Scale factor used is bounded by
the user defined minimum and
maximum factors.

Inertial Damping |Mastran Default

il

ﬂﬂﬂﬂﬂ
AL

— _— NLSTEP
PRI parameter:
Adaptive Increment Parameters
[Trial Time Step Size] 0.01 [DTINITF]

(] 7 step scstepacer 12 || tsFacT]
[Minimum Time Step:] 1e-005 [DTMINF]
[Maximum Time Step:] 0.5 | [DTMAXF]

[Max # of Steps:] [NSMAX]
[Total Time:] 1.0 [TOTTIME]
[# of Steps of Output] | [INTOUT]

Criteria...

| oK | | Defauts

I I Cancel I
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“PHYSICAL” CRITERIA FOR LOAD INCREMENTATION

- User defined range of values for one or more of the available

criteria.

- Specify a maximum value permissible within each range.

- Can be used in conjunction with “standard” adaptive
incrementation control.

Increment Type: Adaptive T

Adaptive Increment Parameters

[Trial Time Step Size:] 0.01
Time Step Scale Factor: 12
[Minimum Time Step:] 1e-005
[Maximum Time Step:] 0.5
[Max # of Steps:]

[Total Time:] 1.0

[# of Steps of Qutput]

Inertial Damping |Nastran Default b

0.0002

Criteria...

(0],4 I l Defaults ] I Cancel

Treat Criteria as: [ use Automatic Criteria

) Limits O Targets [ continue if not Satisfied

Ratio between Steps: Loading Table Instances:
[Smallest] 0.1 IReach Peaks-\Valleys Only =
[Largest] 15 []write Instances to Post File

Nodal Temp. Check:

[# of Cutbacks:] Omit Check .

Finish Temperature

Increment Criteria:

Strain Range: Increment Allowed:
Between:| 0.0 and| 0.0 [0
Between:| 0.0 and 0.0 0.0
Between] 0.0 and 0.0 0.0
Between| 0.0 and| 1e+020 | 0.0

Select a Group (Optional)

default_group [ use criterion

Strain

Plastic Strain

Creep Strain

Normalized Creep Strain
Stress

Strain Energy
Temperature
Displacernent

Rotation

Neormazlized Stress
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“PHYSICAL” CRITERIA FOR LOAD INCREMENTATION

Limits (default)

Decrease current time step if a physical
criterion is violated.

“Desired-Actual” control is still used to
determine the next increment step size.

Targets

Decrease current time if a physical
criterion is violated.

“Physical” criterion is used to determine
the next increment step size (not the
“desired-actual” control).

If the calculated values of the criteria are
higher (lower) than the user-defined values
in any iteration, the time step is scaled
down (up) and the current increment is
repeated.

The scale factor used for reduction
(increase) is the ratio between the actual
value and the target value.

This factor is limited by user-specified
minimum and maximum factors (defaults
to 0.1 and 10 respectively).

NLSTEP

Treat Criteria as:
@ Limits. O Targets

Ratioc between Steps:

[Smallest] 0.1
[Largest] 15
[# of Cutbacks:]

Increment Criteria: |Strain ™

Strain Range:

Between:| 0.0
Between:| 0.0
Between:| 0.0
Between: 0.0

Select a Group (Optional)
default_group

|:| Usze Automatic Criteria
[ continue if not Satis fied

Loading Table Instances:

IReach Peaks-Valleys Only = ]

D‘Nri‘te Instances to Post File
Nodal Temp. Check:

COmit Check =

Finizh Temperature

Increment Allowed:

and] 0.0 0.0
and| 0.0 0.0
and| 0.0 0.0
and 1e+020 | 0.0

|:| Use Criterion

T ccsem—

parameter:

[CRITID/LIMTAR
/IPHYS]
[RSMALL]

[RBIG]

TABSCTL
defined
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“PHYSICAL” CRITERIA FOR LOAD INCREMENTATION

 Criteria Range

A number of physical criteria can

be selected (more than one if
required).

Consider the Plastic Strain
criterion.

The range of plastic strains
together with the maximum
permitted strain increment are
required.

If a plastic strain increment is
detected to be beyond that
permitted, a step reduction will
occur to ensure that the strain
remains within the specified
bounds.

Treat Criteria as:
@ Lirnits (:} Targets

Ratio between Steps:

[Smallest] 0.1
[Largest] 15
[# of Cutbacks:]

|:| Use Automatic Criteria
[[] continue if not Satis fied

Loading Table Instances:

lF{each Peaks-\aleys Only =

DWrite Instances to Post File
Nodal Temp. Check:

Omit Check .

Finish Temperature

Increment Criteria: | Plastic Strain = ]

Plastic Strain Range:

Between:| 0.0
Between: 0.0
Between:| 0.0
Between: 0.0

Select a Group (Optional)
default_group

Increment Allowed:

and 0.0 0.0
and 0.0 [o0
and| 0.0 0.0
and 1e+020 0.0
|:| Usze Criterion
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“AUTOMATIC” CRITERIA FOR LOAD INCREMENTATION

- Additional option allows for
automatic physical criteria to

[—.

be used. oGt 73 Aiomaii Crisria < NLSTEP
@umits O Targets T[] Continue i not Satisfied parameter:
° These automatic crite ria serve Ratio between Steps: Il_ua-:ling Table Instances: - l [lPHYS]
. . [Smallest] 0.1 Reach Peaks-Valleys On X
as upper-bound limits to L m a
prevent run-away Newton- ot s
Raphson iterations- Finish Temperature
Increment Criteria:
¢ Crlterla are only added In the Plastic Strain Range: Increment Allowed:
analysis if there are no = o =
competing explicitly defined | .......co
user-criteria found.

Select a Group (Optional)

defautt_group [[]use Criterion

 Criteria are only used as
limits; they are used to
control the time step for the
current increment but not for
the next increment.
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ADDITIONAL AUTOMATIC CRITERIA FOR LOAD
INCREMENTATION

* Five additional criteria

1.

2,

Strain criterion for large displacement analyses — maximum equivalent total
strain increment set to 50%.

Plastic Strain criterion for large displacement, finite strain analyses -
maximum equivalent plastic strain increment set to 10%.

. Creep Strain criterion for explicit creep analyses - maximum creep strain

change/elastic strain set to 0.5.

. Stress change criterion for explicit creep analyses — maximum equivalent

stress change/equivalent stress set to 0.5.

. State variable criterion for large displacement analyses - maximum

temperature increment is such that the equivalent stress increment
associated with the change in thermal properties of the materials does not
exceed 50% of the total equivalent stress.
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LOAD INCREMENT PARAMETERS:
ADAPTIVE/ARC LENGTH

Max Ratio Arc Length/Initial

Arc Length:

— Keeps the arc length step size
from growing too large.

Min Ratio Arc Length/Initial
Arc Length:

— Keeps the arc length step size
from reducing too much.

Il Max Fraction of Load Applied in Any Increment:
1.0

B Min Ratio Arc Length/initial Arc Length:

[ (oad Increment Parameters ol o
Increment Type: [adaptive Arc Length |
Adaptive Increment Parameters Crisfield
Arclength Method:
Riks/Ra
[ Modified Riks/Ramm MR e/Ramm

v | Medified Riks/Ramm

[+] Automatic Cutback U

Number of Cutbacks.:

Initial Fraction of Load Applied in 1st Increment:
0.1

Max Ratio Arc Lengthifinitial Arc Length:

Max # of Increments: G595
[Total Time:]} 1.0
| OK | | Dpefauts | [ cancel




ITERATION PARAMETERS NLSTEP

p— parameter:
° n r I I i n I ri hm eration Farameiers
co t o s So Ut o a go t Min # of terations per Increment: 0 [MINITER]
« Good place to start is with defaults Maxc# of kratons per ncrement; 2 [MAXITER]
. Number of lterations per Update = 10 v ey [KSTEP]
« “Matrix Update Method” Watrc Updats Method: > Conpobeten KMETHOD
— ‘Automatic’ — program selects the most [ Automatic Swiching i ECONV] :
efficient strategy based on convergence e ot Bl et e 10
rateS |:| Displacement Error
— ‘Semi-Automatic’ — for each load : : o [EPSU]
increment the program performs a single Cltsedtre
. 0.01 [CONV] [EPSP]

iteration, updates the stiffness matrix and
resumes normal Automatic option

— ‘Controlled Iters’ — user specified - & [EPSW]

[Jwector Component Method

[Jwvork Error

frequency of stiffness matrix update N [CONV]
eng 0
« Modified Newton Raphson accessed by _ .

selecting ‘Controlled lters’ and setting ‘Max # R IR e o 3 [MAXDIV]

of Iterations per Increment’ = ‘Number of Wax # of Correction Vectors: = [MAXQN]

Iterations per Update’ Yo ¥ Of Line Searches: 4 [MAXLS]

— ‘Pure Full Newton’ — same as ‘Full Fraction of Effective Strass: 02 [FSTRESS]
Newton’ with EPSU=-.01,EPSW=-.01, and Line Search Tolerance: 0s [LSTOL]
MAXLS=0 (FNR is EPSU=.1 ,EPSW=.1, Max # of Bisections: 0 [MAXBIS]
MAXLS=4) Max Incremental Rotation: 20.0
0K ] I Defaults I i cancel |
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NLSTEP BULK DATA ENTRY

‘One stop shop’ MSC Nastran input file entry that defines:

Load incrementation parameters

FIXED, ADAPTIVE, ALM

lteration parameters
Full Newton Raphson, Pure Full Newton Raphson, Modified Newton Raphson,...)
Convergence tolerances

Type and value

Output Frequency

Allow reduced data output for highly nonlinear solutions

Can be used in Statics and Dynamics

Old NLPARM/TSTEPNL method is still available

Applies to all analysis disciplines

Thermal, Mechanical, Coupled, R-C circuit
Only Structural/Mechanical discussed in this course
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NLSTEP BULK DATA ENTRY
 Format: (For SOL 400)

1 2 3 4 5 6 7 8 9 10
NLSTEP ID TOTTIME | CTRLDEF

“GENERAL” | MAXITER | MINITER | MAXBIS CREEP

“FIXED” NINC NO

‘ADAPT” DTINITF DTMINF | DTMAXF | NDESTR SFACT INTOUT NSMAX
IDAMP DAMP CRITTID IPHYS LIMTAR RSMALL RBIG
ADJUST MSTEP RB uToL

“‘ARCLN” TYPE DTINITFA | MINALR | MAXALR SCALEA | NDESIRA | NSMAXA

“‘HEAT” CONVH EPSUH EPSPH EPSWH | KMETHODH | KSTEPH
MAXQNH | MAXLSH | LSTOLH

“‘MECH” CONV EPSU EPSP EPSW KMETHOD KSTEP | MRCONV
MAXQN MAXLS LSTOL | FSTRESS

“‘COUP” HGENPLAS | HGENFRIC

‘RCHEAT” | SOLVER DRLXCA | ARLXCA | BALENG DAMPC GRVCON | CSGFAC
NRLOOP OUTINV | DTIME1
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KEYWORD CTRLDEF - “SMART DEFAULTS”

1 2 3 4 5 6 7 8 9 10

NLSTEP ID TOTTIME | CTRLDEF

GENERAL | MAXITER | MINITER | MAXBIS CREEP

- Automatically sets up the entries for the time/load stepping
adjustment and convergence tolerance

* Four values available as "QLINEAR", "MILDLY", "SEVERELY", or
blank in SOL400

- Select a value based on judgment of the nonlinearity of the model

- Requires hand editing of the MSC Nastran input file. Can not be
created in Patran
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KEYWORD CTRLDEF

« CTRLDEF = ‘QLINEAR’ - For linear analysis but with contact nonlinearity
— NINC =1 (FIXED) or DTINITF = 1.0 (ADAPT) ------ 1 increment load
stepping
— CONV =PV, EPSP =0.001 and KMETHOD = PENT
— Good for contact, interference fit and bolt preload

« CTRLDEF = ‘MILDLY’ - For mildly nonlinear problems
— NINC =10 (FIXED) or DTINITF = 0.1 (ADAPT) — Default is FIXED
— CONV =PV, EPSP =0.01 and KMETHOD = PENT
— Good for general nonlinear problem including geometry nonlinearity,

material nonlinearity, contact nonlinearity, and their combination

« CTRLDEF = ‘SEVERELY’ - For severely nonlinear problems
— NINC =50 (FIXED) or DTINITF = 0.01 (ADAPT) — Default is FIXED
— CONV =PV, EPSP =0.01 and KMETHOD = PENT

— Good for nonlinear problem involving severe large displacement, large
strain, multi-contact pairs
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GENERAL RECOMMENDATIONS

NLSTEP is a unified load/time stepping control option and should
be used for all nonlinear analysis.

Keyword CTRLDEF is a user-friendly entry, users have only to
select a value based on their judgment of the nonlinearity of the
model to be analyzed.

Adaptive load stepping is usually more efficient.

For the advanced nonlinear elements and materials and contact
analysis, FNT or PFNT with CONV=PV should be used.

For contact with friction, PFNT and UPW has been found to be
more precise.
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DEMO

« Clip model with 3 contact bodies

- Touching contact and large deformation
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DEMO RUNTIME

 NLPARM with FIXED: 900s
 NLSTEP with ADAPT: 163s
 NLSTEP with MILDLY: 116s

MSGC ASoftware
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NONLINEAR OUTPUT CONTROL

NAS400, Section 3, January 2015

Copyright© 2015 MSC.Software Corporation S
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NONLINEAR OUTPUT CONTROL

« Nonlinear analyses require additional solution efforts and can be
challenging to achieved ‘converged’ status

- Additional information can be helpful in trouble shooting

« Sources of additional information:

— “.f06” file — Standard MSC Nastran output file
« SOL 400 automatically writes increment/iteration information
 Additional information can be requested using the NLOPRM entry if desired.
* If higher level of diagnostics is desired consider ‘DIAG 51’ entry at ECS level
 Buffered output so not always up to date of a currently running job

— “.sts” file - status file will be written for each SOL 400 job
« Updated in real time so a running job can be monitored
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NONLINEAR OUTPUT CONTROL

- Example’s .sts file:

information summary of job: ./demo 400 nlio std
subcase inc cycl sepa cut cycl split separ cut rmesh time step total time wall time
cpu time max resp. type
/step # # # # # # # # # # of of
1 |==@f the ilng==|=s=c—c===== of the analysis—-——-—---—-——- | the inc the job
1 0 0 0 0 0 0 0 0 0 0.0000E+00 0.0000E+00 2.00
1.40 0.0000E+00 disp
1 1 4 0 0 4 0 0 0 0 1.0000E+00 1.0000E+00 2.00
1.44 -1.5486E+02 disp
Job ends with exit number : 0
total wall time: 2.00
total cpu time: 1.47
exit DEFINITION -----
= 0 Jjob terminates normally
= 1 Jjob terminates abnormally (check Fatal Error Message in F06)
MSGC _ASoftware



NONLINEAR OUTPUT CONTROL

INON-LINEAR ITERATTION SOLUTTION CONTROL PARAMETERS

LOOP CONTROLS FOR : SUBCASE i, STEP i, SUBSTEP 0
SOLUTION CONTROL PARAMETERS FROM : NLSTEP ID : 1

Total Time of Loading Case (TOTTIME) .... 1.00E+00

Maximum Number of Iterations (MAXITER) .. 10

Minimum Number of Iterations (MINITER) .. 1

Maximum Number of Bisection (MAXBIS) .... 10

Creep Option (CREEP) ....iuiiiininnnnnnn 0

Number of Fixed Increments (NINC) ....... Standard .f06 Output

Interval of Output (NO) .........ccceee...

Convergence Criteria (CONV) .............

- Displacement (EPSU) ...... -1.00E-01
Tolerance - Residual Force (EPSP) ...... 1.00E-03
- Work (EPSW) ...... 1.00E-01

Option of Rotations and Moments (MRCONV) .

3
Matrix Update Option (KMETHOD) ..........
1

Matrix Update Increment (KSTEP) .........

Maximum Quasi-Newton Vectors (MAXQN) .... 0
Maximum Line Searches (MAXLS) ........... 0
Line Search Tolerance (LSTOL) ........... 5.00E-01
Error Tolerance in YF (FSTRESS) ......... 2.00E-01

*** USER INFORMATION MESSAGE 6204 (NL3EMA)
0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.

51.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0
51.00000E+00 1 2 9.33E-02 1.62E+00 8.19E+02 0.060 O 1 0 2.41E+03 3.233E+06 1.13E+01 -1.558E+02 62 1.000 O 1
%1.00000E+00 1 3 5.83E-03 1.66E-01 2.07E-02 0.063 O 1 0 1.60E+00 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 2
51.00000E+00 1 4 3.07E-06 7.29E-07 8.63E-03 0.093 O 1 0 2.71E-05 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 3

*** JOB CONVERGES FOR THE CURRENT STEP.
*** SUBCASE 1 STEP 1 IS COMPLETED.

=Sw N
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NONLINEAR OUTPUT CONTROL

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL. - - = = - DISP - - - - - - LINE S NO. TOT TOT
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R_FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR
%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1
- LOAD STEP
— step number minus 1 plus fraction of step, i.e. 0.08 = 8% of first step
* NO.INC
— increment number
 ITR

— iteration number

DISP LOAD WORK

— displacement, load and energy errors, must be smaller than the tolerances
EPSU, EPSP and EPSW

CONV RATE

— should be between 0 and 1; bigger than 1 means the solution will never
converge

MSGC ASoftware



NONLINEAR OUTPUT CONTROL

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL. - - - - - DISP - - - - - - LINE S NO. TOT TOT

STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R_FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR

%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1
- ITR DIV

— divergence counter, > MAXDIV triggers the divergence process

- MAT DIV
— divergence counter for element and material routines

« NO. BIS
— number of bisections

- AVG R _FORCE
— average residual force (forces and moments); should be small

« TOTL WORK
— approximate total work

 DISP: AVG MAX AT GRID C
— average, maximum displacement at grid in direction c

MSGC ASoftware



NONLINEAR OUTPUT CONTROL

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL. - - - - - DISP
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R_FORCE WORK AVG MAX

51.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02

—————— LINE S NO. TOT TOT
AT GRID C FACT NO ONV KUD ITR

62 1.000 O 0

1

« LINE_S: FACT NO
— line search factor o and number of line searches

« NO. QNV

— number of Quasi Newton Vectors

« TOTKUD/ITR
— total of stiffness updates / iterations
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NONLINEAR OUTPUT CONTROL

Case Control command NLOPRM is also available for increased
diagnostic output:

Format:
NLOPRM = [OUTCTRL = {STD.SOLUTION,INTERM }]
§ "'NONE 1
T N3DBAS | |
NLBASIC.NRDBG.ADVDBG.!{ N3DMED
i N3DADV
- o NONE s
LTIME NONE 1
DBGPOST = ¢ LSTEP ;|, | MPCPCH = < BEGN.OTIME.STEP
LSUBC TBEG.\’.YOTIME.YSTEPJ
B - ATJ. 74
Example(s):
NLOPRM OUTCTRL=STD, SOLUTION DBGPOST=LTIME
NLOPRM OUTCTRL= (SOLUTION, INTERM), MPCPCH=(OTIME, STEP)

MSGC
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NONLINEAR OUTPUT CONTROL
- Example using: nloprm nldbg=advdbg

*** USER INFORMATION MESSAGE 6204

(NL3EMA)

0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.

maximum residual force at
maximum reaction force at
residual convergence ratio

maximum residual moment at
maximum reaction moment at

residual convergence ratio

maximum displacement

node
node
2

node
node
4

change

maximum displacement increment
displacement convergence ratio

maximum rotation
maximum rotation
rotation convergence ratio

change
increment

1

6

1
.687E+01

5

1
.664E-01
at node
at node

1.000E+00
at node
at node
000E+00

strain energy change at this iteration is
strain energy change at this increment is

relative energy error is
51.00000E+00 1
1

1 1.00E+00 2.69E+01 1.00E+00

1.000

degree of freedom 1 is
degree of freedom 1 is
degree of freedom 6 is
degree of freedom 6 is

6 degree
6 degree

6 degree
6 degree

6.53309E+06
6.53309E+06
1.00000E+00
4.92E+04 6.533E+06 1.06E+01 -1.587E+02

1 1 0

of freedom
of freedom

of freedom
of freedom

equal
equal

equal
equal

to

(6]

to 4.656E+04
to 9.982E+04

equal to
equal to

equal to
equal to

.566E+05
to 2.072E+04

.587E+02
.587E+02

.381E-01
.381E-01

.f06 Output:

First iteration

6

2

1.00 0

0 0
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NONLINEAR OUTPUT CONTROL

« Matrix level output can be accessed with diag 57 request in the Executive

Control section
— Before CEND entry

0 NON-LINEAR ITERATION MODULE SOLUTION DATRA
LOOP CONTROLS :
SUBCASE 1 STEP 1
MAXBIS . vveeeeeee e 10
MAXR « eeveeeee e e e 0.1000E+01
RTOLB - e eueeeeeae e, 0.0000E+00
0 DMAP CONTROL PARAMETERS FROM PREVIOUS ITERATION : f06 Output
ACCUMULATED TIME ... 0.000E+00 . .
CONVERGENCE . ....... YES US|ng dlag 51
NEW STEPCASE ....... YES
NEW MATRIX ......... YES
CURRENT TIME STEP .. 0
LARGE DISPLACEMENT . YES
LAST STIFFNESS UP .. 1
LOOPING LIMIT ...... 10
LANGLE METHOD ...... 3
CORE STATISTICS : 3 75 147 66987 132525 134797 794075017 793675090
PROBLEM STATISTICS : 36 0 0 0 36 6 30 30 0
FCB : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
17
132597 132705 0 0 132725 132733 132805 132805 133153 133429 133501 133573 133645 133717 133801 133801

133873

18 19 20 21 22 23 24 25 26 27 28

29 30 31 134089 134089 134089 134089 134161 134293 134365 0
FCB : 0 0 0 134365 134437 134509 134653
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NONLINEAR OUTPUT CONTROL

— Inside the Line Search Loop

NL3LSL: DISPLACEMENT VECTOR (P-SET)

1 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 -8.8914D+00 0.0000D+00 0.0000D+00
11 0.0000D+00 -8.5714D-02 0.0000D+00 -3.3021D+01 0.0000D+00 0.0000D+00 0.0000D+00 -1.5238D-01 0.0000D+00 -6.8579D+01
21 0.0000D+00 0.0000D+00 0.0000D+00 -2.0000D-01 0.0000D+00 -1.1176D+02 0.0000D+00 0.0000D+00 0.0000D+00 -2.2857D-01
31 0.0000D+00 -1.5874D+02 0.0000D+00 0.0000D+00 0.0000D+00 -2.3810D-01

NL3LSL: NONLINEAR INTERNAL FORCE VECTOR (P-SET)

1 : -2.0717D+04 1.0193D+03 0.0000D+00 0.0000D+00 0.0000D+00 9.9817D+04 -1.3046D+05 1.7284D+04 0.0000D+00 0.0000D+00
11 0.0000D+00 -3.8105D+03 -1.7305D+05 3.9327D+04 0.0000D+00 0.0000D+00 0.0000D+00 -1.5121D+04 -1.4869D+05 4.4360D+04
21 0.0000D+00 0.0000D+00 0.0000D+00 -3.1892D+04 -8.3709D+04 2.8614D+04 0.0000D+00 0.0000D+00 0.0000D+00 -4.6557D+04
31 5.5663D+05 -1.3061D+05 0.0000D+00 0.0000D+00 0.0000D+00 -2.6159D+04

NL3LSL: LOAD VECTOR (P-SET)

1 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00
11 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00
21 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00
31 0.0000D+00 -1.0000D+02 0.0000D+00 0.0000D+00 0.0000D+00 0.0000D+00

NL3DEL: LOADING ERROR VECTOR (FE-SET)

1 s 1.3046D+05 -1.7284D+04 0.0000D+00 0.0000D+00 0.0000D+00 3.8105D+03 1.7305D+05 -3.9327D+04 0.0000D+00 0.0000D+00
11 : 0.0000D+00 1.5121D+04 1.4869D+05 -4.4360D+04 0.0000D+00 0.0000D+00 0.0000D+00 3.1892D+04 8.3709D+04 -2.8614D+04
21 : 0.0000D+00 0.0000D+00 0.0000D+00 4.6557D+04 -5.5663D+05 1.3051D+05 0.0000D+00 0.0000D+00 0.0000D+00 2.6159D+04

%1.00000E+00 1 1 1.00E4+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.00 0 O 0 1
MSC A Software
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RESTARTS

 Why restart?
— To eliminate the need to re-run portions of a run that are known to be ‘good’

— Unconverged solutions — make changes as appropriate to enhance
convergence and allow code to continue

— perform additional load conditions

 Procedure

— MSC Nastran restarts by using the MASTER/DBALL files from an initial run.
This file must be saved if restarts are desired (i.e. do not use ‘scr=yes’ on
command line)

— In the restart file include an ASSIGN statement pointing to the
MASTER/DBALL file

— In the restart file include a NLRESTART statement to indicate at what point
of the initial run that the restart is to begin from

MSGC ASoftware



RESTART
Restart via Case Control NLRESTART

——— Required entries for
ASSIGN MASTER=‘COld®(_

START

restart

SOL 400
CEND

:EEEEEEART SUBCASE 1, STEP 2, TIME 0.3 $ before any SUBCASE command

S
SUBCASE

1

TSTEPNL = 10

STEP 1 $ Case control of cold start with STEP 1 and 2
LOAD = 10

STEP 2 $ Restart begins at time 0.3 of this step
TSTEPNL = 30
LOAD = 20

STEP 3

LOAD 30

BEGIN BULK

TSTEPNL,

ENDDATA

30, ,0.01,5
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RESTART

NLRESTART (SOL 400) Nonlinear Restart Request

Request a RESTART execution at a specified point for SOL 400.

Format:

NLRESTART|SUBCASE i| , STEPj|, FOADFACT
TIME t

Example:

NLRESTART SUBCASE 1, STEP 2, LOADFAC 0.3

Describer Meaning

i

Specifies the identification number of a previously executed SUBCASE (Integer,
Default is the first SUBCASE).

Specifies the identification number of a previously executed STEP (Integer,
Default is the first STEP).

Specified the load factor of a previously executed load increment in nonlinear
static analysis (Real, 0.0 < < 1.0, Default = 0.0).

Specified the time of a previously executed time step in nonlinear transient
analysis (Real, 1, =t <1,, where t, is the initial time of STEP j, and 1, is the last
time of STEP j; Default = 1, ).
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GENERAL GUIDELINES & LIMITATIONS
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GENERAL GUIDELINES

- Convergence of a nonlinear problem is not just about the
convergence tolerance values or the criteria specified... It is an
overall issue of model integrity and representation of reality

* It is strongly recommended that small tests be performed to gain
experience of unknown (to you) element and solution types:

— To understand its limitations
— To insure that it represents the behavior for the actual simulation
— To prevent expensive “surprises” at the end of a project

MSGC ASoftware



GENERAL GUIDELINES

- Single element tests are preferable (where possible) :
— It is much quicker and easier to verify the input and
— Evaluate the response with only a few degrees of freedom

« There are a number of sources of examples and benchmarks
available that may help in this regard:

— The MD User’s Guide
— The Implicit Nonlinear Analysis Guide
— This SOL 400 Seminar
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GENERAL GUIDELINES

- Perform the analysis and scrutinize the results from a static linear
analysis to check the integrity/behavior of the basic model:
— For material nonlinearity simply increase the failure criteria
— For geometrically nonlinear analyses turn off large strain and displacement
options
« param, lgdisp, -1 (no large displacements and rotations)
* nlmopts, Irgstrn, 0  (small strains)
« mdlprm, nldiff, 1 (no differential stiffness)
— For contact, turn off friction for the first run (if physics permits it)

MSGC ASoftware



GENERAL GUIDELINES

- Add each of the nonlinearities one by one to determine their
effect on the solution and its convergence behavior

— For instance, start with contact, adding next any geometric nonlinearity and
then finally any material nonlinearity, etc.

— For contact analyses, contact conditions can be set to GLUED
— Next step would be TOUCHING, but with a separation force of 1E20

MSGC ASoftware



GENERAL GUIDELINES

- The deformed shape often gives obvious clues as to why the
simulation is not converging

- Exaggerating the deformation is a good way to pick up cracks in
the model or localized effects from incorrect contact definition

- Animating with a reasonable deformation exaggeration can also
be of help

- Caution - exaggerated deformation may be misleading for large
deformation types of simulations with contact. Exaggeration may
imply contact penetration, only ‘true scale’ plotting will show
penetration.
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GENERAL GUIDELINES

- Ensure consistent units are used throughout the model

- If experiencing convergence difficulties, reduce the time step or
load. There may be significant nonlinearity occurring at the
beginning.

— Usual for contact

— May suggest an incorrect yield value for material nonlinearity
— Buckling or significant rotation may have occurred

— Excessive element distortion

MSGC ASoftware



GENERAL GUIDELINES

 If using the “fixed” load incrementation, change to the “adaptive”
scheme and include the “automatic” criteria

« Check that each component of the structure is restrained against
rigid body motion

— SOL 103 — normal modes — can help identify inadequate constraints — free
body modes will be calculated in the direction of missing constraint

| |

com S nes

Unstable Stable
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GENERAL LIMITATIONS

« Omitted degrees-of-freedom (o-set) may not be used.
* For Perturbation, buckling is not supported
* For Arc Length Method SPCD is not supported

MSGC



NAS400, Section 3, January 2015
Copyright© 2015 MSC.Software Corporation

S3-98

MSGC



SECTION 4
CONTACT IN MSC NASTRAN SOL400
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OVERVIEW

 What is and when to consider contact
« Contact Bodies (Rubber Door Seal Workshop)
« Contact Pairs/Tables (Deformable to Rigid Contact Workshop)

- Contact Detection
— Node to segment
— Segment to segment

- Special Features
— Interference (Interference Fit Workshop)
— Stress free initial contact
— Glued contact (Contact Pairs Workshop)
— Contact with Shells
— Friction

- Convergence and Controls with contact
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WHAT IS CONTACT ANALYSIS?

- Contact analysis is the analysis of contact bodies (deformable or
rigid) interacting with each other

- Contact can be deformable-deformable or rigid-deformable

- Contact analysis types
— Touching Contact
— Glued Contact

T " L
i
B
;»"A’W“’#‘%
Rl

Glued Contact

Touching Contact
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WHEN TO CONSIDER CONTACT

 Intermittent interaction between unique components

Strass Tardor Won Misas

MSGC
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CONTACT ANALYSIS EXAMPLES

- Solid-to-solid contact examples

7
q,fa-.

Preloaded Bolted Joint

Lug-Clevis-Pin

Glued Assembly

MSGC ASoftware



CONTACT ANALYSIS EXAMPLES

- Shell-to-shell contact examples

Face to face contact

Edge-to-edge contact

Edge-to-edge glued contact

NAS400, Section 4, January 2015
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CONTACT ANALYSIS EXAMPLES

« Shell-to-solid contact examples

Face-to-face contact

NAS400, Section 4, January 2015
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Edge-to-face glued contact

MSGC ASoftware



CONTACT ANALYSIS EXAMPLES

- Beam contact examples

Beam-to-solid glued contact

NAS400, Section 4, January 2015
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Beam-to-beam contact
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No Contact
Contact added

Add Contact

ion
Parts now contact each other

No Contact
t see each other

)
u

Ini

ial Pass
inition

Initia
def

Parts don
— Parts pass through each other

Second Pass
Body def
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CASE ST

UDY

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
X | e 14’ &7 X T ey z:l ke | 9 e 2 || || 2= |4
L K W E 5 (& 6§k K| }"SHF-I | Ny | N % = IGH"&} lﬁ“ h-} g IQH"@%
Displacement | Force | Temperature | Velocity | Acceleration | Crack{(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total 3 |Deformable|| Rigid | Color Code Create || ] [ Create
Constraint Load Load Load Load ‘ | | Bodies Body Pair |8| |w| Load Case |Eﬂ||ﬁ|
Nodal Element Uniform Element Var.., Contact Bodies Body Pairs| |Initial Co...| | LBC Acti...|| Load Cases||LBC Fields.
Do thogikE-
- Easy tact body setup: .
dasy contact no setup. Action:
Otict
St yee: [gementuniom |
Option:  |Deformable Body ¥ |
et Current Load Case: % [l Delomnkile Bucy
ICation Region S
= d [ Defaut|  Rigid Body
Select Solids - =
Type: Static Slide Line

Application Region

Select Solids

LEDIid ps

NAS400, Section 4, January 2015
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— Contact normal stress
— Contact normal force

- Comprehensive contact results plots:
— Contact status
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CASE STUDY

« Summary of Case Study

— Studied contact between two parts with
dissimilar meshes

— Demonstrated easy contact setup

— Plotted contact normal stress and force
to gain insight into load path and contact
status




CONTACT ANALYSES

* |Its important to consider that contact, by its nature, is non-linear
— Superposition is no longer valid
— Solutions are load sequence dependent

— Since the system of equations has become nonlinear, an iteration strategy
is needed — more details on the iterative strategy is given in the section of
this course on ‘Nonlinear Solution Strategies’:

Iterations
Load,P 4 :
Predictor ——
P, - —===-
|
A |
- g|
o .8
AP "é' ‘E|
iz
o
-+ P~ =TT —_—_—_i_—_i_‘
T2V ) s i it il Unbalanced
JY___v_ T2 Ry ™4 Loads
AP .-“'fl Ry
.IIIIIIIII
/
X -
le—ofs] Displacement, u
AU1 AUZ
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TYPES OF CONTACT IN NASTRAN

« Linear - SOL101
— Small deflection theory
— Sliding neglected
— All aspects of the simulation are ‘linear’ with the exception structural contact
— Glued — SOL101/103/105/108/109/111/112

« Nonlinear — SOL400 — the focus of this course

— Large deformation
 Allows sliding between element edges/faces

— No limitations
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CONTACT IN SOL 400 and SOL 101

« Two versions of contact are available
— Node to Segment
— Segment to Segment

 Two Friction Models are supported
— Bilinear Coulomb Friction
— Bilinear Shear Friction

- Glued Contact can be permanent or general, controlled via
NLGLUE on BCPARA

— NLGLUE=0, permanent
— NLGLUE=1, general

MSGC



CONTACT IN OTHER SOLUTION SEQUENCES

- SOL 400 has general 2D and 3D contact capability
SOL 101 has only 3D Contact capability

The contact in SOL 101 is linear in the sense that materials and
geometry stay linear

Higher order elements are supported

In other solution sequences only permanent glued contact is
available. This is true for SOLs 103, 105, 107, 108, 109, 110, 111,
112 and 200.

Permanent Glued Contact is a special case of glued contact
Primarily used to join 2 dissimilar meshes
Contact must initially be true (bodies should be in contact initially)

When edges or grids are to be glued, gluing can also be done for the
rotational DOFs (Moment Carrying Glue)

Permanent contact constraint MPC equations are used. No nonlinear
increments or iterations involved
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OVERVIEW

Contact Bodies (Workshop - Rubber Door Seal)
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CONTACT BODIES

- Contact evaluation requires the creation of ‘Contact Bodies’

- Contact Bodies are groups of elements or geometries that are to
be evaluated for contact with other Contact Bodies

- There are 2 types of Contact Bodies:
— Deformable

— Rigid
« Contact can occur between Deformable-Deformable or
Deformable-Rigid
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CONTACT BODY TYPES

- Contact bodies can be deformable or rigid

- A deformable body is defined by element IDs or element

properties

- Arigid body is defined by geometry (curves and surfaces) or

4-node patches

Deformable body

Rigid body

Rigid body
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DEFINITION OF DEFORMABLE BODIES

- A deformable body is a collection of finite elements

- A deformable body must contain elements of the same class:

— Linear shell CTRIA3/CQUAD4

— Quadratic shell CTRIAG6/CQUADS

— Linear solid CHEXA/CPENTA/CTETRA
— Quadratic solid CHEXA/CPENTA/CTETRA
— Beams CBAR/CBEAM/CROD

- Quadratic contact is supported and is automatically activated
when contact body contains higher order elements

MSGC ASoftware



DEFORMABLE BODIES

- Each deformable body consists of one or more finite elements

* Nodes or elements must belong to NO MORE than one
deformable body

- A deformable body does not need to completely correspond with
a physical body:

deformable contact body
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DEFINITION OF DEFORMABLE BODIES

« On the other hand, be careful with a subset of elements

— When using tet elements, discontinuous element normals cause numerical
problems. Hence the use of a subset of tet elements should be avoided:

Limited number of
elements defined
in contact body

LRLALRLE]
M
baiy

Local normal vector
to the outer boundary
may be completely
wrong

NAS400, Section 4, January 2015
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DEFORMABLE-DEFORMABLE CONTACT

« Further divided into the following types:
— Surface to Surface
— Edge to Surface
— Edge to Edge
— Beam to Beam
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DEFINITION OF DEFORMABLE BODIES

- All deformable bodies can come in contact with each other,
including self-contact

« MSC Nastran automatically figures out the free faces as potential
contact surfaces

« MSC Nastran also automatically accounts for shell thicknesses

it

] i
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CREATING A DEFORMABLE BODY

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

IX —e | F b 14’. &7 |x @. -3 r‘,.., Iilé Ej | || | N N . (b= ]| | )| ]-,- IENES|
|74 || = o CIRYFI [eg || |

Displacement | Force | Temperature | Velocity | Acceleration | Crack{(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable|| Rigid | Color Code Create (% Create %
Constraint Load Load Load Load s Bodies Body Pair [ 8 | Radl Load Case [ e || |
Nodal Element Uniform Element Var.., Contact Bodies Body Pairs | |Initial Co...| | LBC Acti...|| Load Cases || LBC Fields

DEo 4R

 Under the Patran Loads/BCs tab:
Load/Boundary Conditions L

— Click Deformable
Action:
— Enter New Set Name Object
— Pick Target Element Type e [Eementuniorm v

Option: Deformable Body .. ]

v Deformable Body
Current Load Case:

I Default. Rigid Body
e Static Slide Line
Mew Set Name
clip
Existing Sets IE
Target Element Type: @ L
Wﬁw

[ Input Cata... ]

[ Select Application Region... |

-Apply-
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CREATING A DEFORMABLE BODY o6t F

« On Select Application Region form: Select

elements / Application Region
. Select 2D Elements
— Directly

Elm 1:992

— Based on geometry (if elements are associated
with geometry) or

— Based on associated property

| Add ] [ Remove J

or

Select: lGec-met[! = i

Application Reqion
Select Surfaces
Surface 1:19

Add ] { Remove J

or

Select: [Element Property |

Application Reagion
Select an Element Property

MSC }smtware



CREATING A DEFORMABLE BODY

- Contact Body MSC Nastran entries:
- BCBODY - Flexible or Rigid Contact Body

BCBODY BID DIM BEHAV BSID ISTYP FRIC IDSPL CONTROL
A
NLOAD ANGVEL DCOS1//DCOS2 DCOS3 VELRB1 VELRB2 VELRB3
“ADVANCE” | SANGLE (?P{B
) . L/ -
RIGID CGID/ NENT --- Rigid Body Name ---
“‘GROW” /Qé GE2 GE3 TAB-GE1 | TAB-GE2 | TAB-GE3
BSURF ID ELID1 ELID2 ELID3 ELID4 ELID5 ELID6 ELID7

- BSURF - Defines a contact body by Element IDs
— Referenced by BSID in BCBODY

MSGC



CREATING A DEFORMABLE BODY
- Sample MSC Nastran input file:

DEFORM or RIGID

BCBODY 1 3D <:§EESEE> 4 0
§
§
§
§
BSURF @ 1 2 3 4 5 6 7 TN
8 9 10 11 12 13 14 15
16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31
32 33 34 35 36 37 38 39
40 41 42 43 44 45 46 47 \ ]
48 49 50 51 52 53 54 e List of Elements
56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71
72 73 74 75 76 77 78 79
80 81 82 83 84 85 86 87
88 89 90 91 92 93 94 95 _/
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CREATING A DEFORMABLE BODY

* Property-based MSC Nastran entry:

— BCPROP: Defines a contact body to Element Property (Referenced by
BSID in BCBODY)

1

2

3

10

BCPROP

ID

IP1

P2

IP3

P4

IP5

IP6

IP7

IP8

IP9

etc.

« Example

BCPROP

1

101

20

301
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CREATING A DEFORMABLE
- Sample MSC Nastran input file:

BODY

BCBODY 1 3D

$ DEFORM BODY CONTACT LBC SET: CLIP

DE FO&V@

BCPROP( 2 12
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RIGID BODIES

- Rigid Bodies can be modeled with
geometry or finite elements
— Curves for 2D contact (NURBS2D)
 Allows for 3 DOF — UX, UY, and ROTZ

— Surfaces for 3D contact (NURBS) —»

« Allows for 6 DOF — UX, UY, UZ, ROTX, ROTY,
and ROTZ

— 2D elements (PATCH3D), 4-node patches only,
triangular patches are not supported

* Itis recommended to use Bezier or
NURBSs:

— Continuity of the normal vector along the
surface

— A mathematical description
— Robustness of the Contact Algorithm

MSGC



DEFINITION OF RIGID BODIES

- Rigid bodies can be stationary (default) or moved in space

- There are three different methods of controlling rigid body
movements. The input is done via CONTROL on the BCBODY

entry
— 0, velocity controlled

— -1, position controlled
— Positive Integer, load controlled

1

2

3

4

5

7

8

9

10

BCBODY BID DIM BEHAV BSID ISTYP FRIC IDSPL CONTROL
NLOAD ANGVEL DCOSH1 DCOS2 DCOS3 VELRB1 VELRB2 VELRB3
“ADVANCE” | SANGLE | COPTB
“‘RIGID” CGID NENT --- Rigid Body Name ---
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DEFINITION OF RIGID BODIES
For velocity control, on the BCBODY entry define:

CONTROL =0

ANGVEL, angular velocity w about the local axis R through the center of
rotation CGID, in radians/time

DCOQOS,I, direction cosines of local axis R

VELRBI, translational velocity vCGID of the center of rotation CGID in
direction i

The velocity of point A of the rigid body then reads:

Va=Vegp T O RXT

MSGC ASoftware



DEFINITION OF RIGID BODIES
For position control, on the BCBODY entry define:

CONTROL = -1

ANGVEL, angular position a about the local axis R through the center of
rotation, in radians

DCQOSi, direction cosines of local axis R
VELRBI, target position PCGID of the center of rotation in direction i

2.) and
rotated

Pceip
CGID

//—P
1.) translated
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DEFINITION OF RIGID BODIES

* For load control, on BCBODY card define:

— CONTROL = ID of the grid point to which translational loads or SPCDs are
applied and at which the translations of CGID are reported

— NLOAD = ID of the grid point to which the rotational loads or SPCDs are
applied and at which the rotations of CGID are reported

FORCE , y , e
SPCD ~-~.
CGID

CONTROL
NLOAD

Rigid Body

MSGC ASoftware



CREATING A RIGID BODY

Home Geometry Properties Loads/BCs Meshing

Analysis Results Durability

z - - - # X || 3 A s £ || 5
A R e I e
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total : Deformable || Rigid || Color Code Create [ Create 1
Constraint Load Load Load Load | | Bodies Body Pair ‘8| lﬁl Load Case |§||ﬂ|
MNodal Elerent Unifarm Element Var.., Contact Bodies Body Pairs | |Initial Co...| | LBC Acti...|| Load Cases || LBC Fields
DEo b A4KE-
+ Under the Patran Loads/BCs tab:
- C“Ck ngld Luﬂd.-'EqundaryCund'rtiuns.!
— Enter New Set Name Shimn
— Pick Target Element Type
Type: |Element Uniform ¥ |
W"MW
Option: Rigid Body ™
Current Load Cas Deformable Body
Dl v Rigid Body
Type: Stat S5lide Line
New Set Mame
side
Existing Sets IE
Target Element Type: |20 ¥ T
e i W B P
[ Input Diata... ]
I Select Application Region... I
[ Preview hotion... ]
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CREATING A RIGID BODY

« On Select Application Region form:

— Select Geometry directly (to create NURBS) or
— Based on FEM (to create PATCH3D) | Select Application Region | [.«]»]

| Geometry Filter
® Geometry
OFEM

Incorrect normal

The rigid body normal
should point away

Application Region
Select Surfaces
Surface 20

from the deformable
body to be contacted.

I Add ] I Remove ]
Master Region

Correct normal

MSGC ASoftware



CREATING A RIGID BODY

- To change rigid body normal, check Flip Contact Side on Input
Data form.

'Load/Boundary Conditions | Input Data
[“IFlip Contact Side: [

C1Symmetry Plane

L Null Initial Motion

Motion Control :

MSGC ASoftware



CREATING A RIGID BODY

« Setup velocity controlled rigid body motion Eﬁfﬁgun?aggzngiﬁons; Input Data |
Flip Contact Side: =

— Select Velocity motion control on Input Data form
— Specify rigid body translational velocity vector e

— If the rigid body rotates about a local axis, then specify | ji0n control-
« Angular velocity

1 Symmetry Plane

Velacity (vector) e
» Rotation reference point (center of rotation)
« Axis of rotation Angular Velocity (radsftime)

Velocity vs. Time Field

Friction Coefficient (MU)

<] EY

Rotation Reference Point

Auxis of Rotation

MSGC ASoftware



CREATING A RIGID BODY

- Setup position controlled rigid body motion sedBondnCaniiaas ol Sos
ip Contact Side =

— Select Position motion control on Input Data form
— Specify rigid body translational displacement vector il s o

— If the rigid body rotates about a local axis, then specify | wotion contror-
* AnQUIar pOSItIOﬂ Displacement (vector)
» Rotation reference point (center of rotation) <0,0.,0.>
 AXxis of rotation Angular Position (radians)

O Symmetry Plane

Displacement vs. Time field

Friction Coefficient (MU) |
<] | 2
Rotatt erence Point A

Node 9999

\ Auxis of Rotation

RSN
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CREATING A RIGID BODY

Load/Boundary Conditions | Input Data |

- Setup load controlled rigid body motion CIFip Contact Side
— Select Force/Moment motion control on Input Data oy Bhic
form
— Specify first control node (center of rotation), this MotoniContol- | aiablaiatin

node represents translational DOFs of the rigid body Friction Coefficient (MU) a0

— Specify second control node (location is irrelevant),
this node represents rotational DOFs of the rigid

Subdivisions in U Direction

bOdy Subdivisions in V Direction
— Apply force or translational displacement to the first i
COntro| node U IVISIONS (l)F urves = :v;
— Apply moment or rotational displacement to the - “ -
second control node
— If no load or SPCD applied to the control nodes, the
rigid body is free to move
trol Node
1/ Node 1
< Second Contrpl Node
\ Node 2|
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CREATING A RIGID BODY

* Preview rigid body motion

— Available only for velocity and position control

— On Preview Motion form

» Select a rigid body from existing sets

e Click Preview Motion

|

Input Data...

|

Select Application Region...

|

Preview Motion...

-Apply-

. 'Ii:rg"rﬂ“ B_od'y Motion Preview |

Existing Sets

bottom ]
|side

Start Time: 0.0

End Time: 1.0

MNumber of Increments:; | 10

Delay Time (msec): 200

[ <]
(il

[ Preview Motion

I OK ] [ Reset ]
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CREATING A RIGID BODY
- Sample MSC Nastran input file:

$ Rigid Body Contact LBC set: side

BCBODY 3 3D
0 0.
RIGID 0
NURBS -2
5.1016
5.1016

RIGID

0. 0.

1 SIDE
2 2
5.3644-8-2.9
5.3644-82.9

Don’t try this at home!!

.1016
.1016

9.

.9

9

50 4

2.9

MSGC ASoftware



WORKSHOP 2 - RUBBER DOOR SEAL

 Workshop Objectives
— Large displacement/ large strain analysis
— Contact analysis using rigid-deformable contact
— Hyperelastic material model

Fringe: Default, A1:Non-linear: 100. % of Load, Cauchy Stresses, . van Mises, (NON-LAYERED) 3.52+002
Deform: Default, A1:Mon-inear: 100. 2 of Load, Displacements, Translational, 3 29+002

\HII\HIIHIIIHHIIIHIIIHII],”

3.05+002)
Mgy, 2824002
253+002
2.35+002)
2114002
1.88+002
1.64+002
1.41+002
1.17+002
9.40+001
7 05+001
4704001

1133004
2.35+001

N 35004
default Fringe
Max 3.62+002 @Nd 1900
Min 1.33-004 @Nd 1738

default_Deformation
Max 9.08-001 @Nd 918
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OVERVIEW

Contact Pairs/Tables (Workshop — Deformable to Rigid Contact)
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CONTACT PAIRS/TABLES

« Patran/MSC Nastran allows 2 methods to define which contact
bodies are to be considered for contact with which other bodies

— ‘Contact Table’

« As the name implies, this method allows the user to populate a ‘table’ which
defines which bodies contact which other bodies

« Easy to use

« Only practical for relatively small (typically <10) numbers of contact bodies
— ‘Contact Pair’

 Explicit definition of which bodies are to touch which other bodies

 Allows ease of use when many (>10) contact bodies exist

« Furthermore, each method allows for specification of the contact
type as
— Touching — allows intermittent contact
— Glued — enforces a permanent connection between contact bodies

- Both methods define the same characteristics/properties, the
choice of which method is be used comes down to which is
‘easier’, typically determined by the number of contact bodies
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CONTACT PAIR

« Determines which Contact Bodies interact with each other and
how

- TO U C H O r G L U E Stress Tensor Von Mises 1.01+009

9.46+002]

8.79+002
8114002
7.43+002)
il e 6 764007
6.08+002)

5.41+002

This rigid body does not
need to interact with this
deformable body

~ 4.73+002]
Sy
4.06+002]
3.38+002]

2.70+003]

2.03+002]

5,
v
ZJ‘\N 1.35+002)
6.76+001
9 86-00

- Also allows ‘tweaking’ of contact body parameters on a Contact
Body pair basis in the event of convergence or other difficulties

— Contact order
— Distance Tolerance
— Separation Force
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PIPE TO CLIP CONTACT EXAMPLE

RBE2

Punch
moving down

ipe

Related Test

NAS400, Section 4, January 2015 ~L— ,
Copyright© 2015 MSC.Software Corporation S a9 MSG)\Software



MODEL DESCRIPTION

Clip: plastics, E=2100., n=0.3
— 2D solids, inner @ =10 mm
Pipe: steel, E=2.1E5, n=0.3

— 2D solids, outer @ = 10.1 mm
Punch: steel, like pipe

— 2D solids

Loading:
— Punch pushed in

— Punch is pulled out

Boundary Conditions:
— Left side of clip is clamped

RBE2
body 3
body 2

ge]
)
o
S
o
© body 1

— Punch and pipe vertically connected

— To exclude dynamic effects (snap & eject)

Friction:

body 1-1, u=0.25
bodies 1-2, u=0.15
bodies 2-3, u=0
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PUSHING DEFORMATIONS

punch

0.0 mm
-3.0
g () )
=)

Note how contact pairs are used to prescribe
contact between punch-pipe and pipe-clip but
eliminate contact between punch-clip

NAS400, Section 4, January 2015

Copyright© 2015 MSC.Software Corporation o4 o

-6.0



CONTACT TABLES

- Best described using example:

body1 body2 body3 body4 rigid
A I I I

- Ble
Parameters Defining Contact Between Bodies Global Cgntact Detection: |Defalit{by body #) X,

[ wiew Table Only

[ Touchau Glue Al Defctivate All ImpertExport Select Exigfing |
Contact Matrix / v
1 2 3

/ Body Type Release

4
1-body Deformable N T it G
2-body2 befurma ble N [ T
3-body3 Deformable N T | T T

s Rigid N | G i | T

* In this example:
— ‘body1’ is only allowed to ‘touch’ itself and ‘body3’
— ‘body1’ is ‘glued’ to ‘body4 _rigid’
— ‘body2’ is only allowed to’ touch’ ‘body4 rigid’
— ‘body3’ is only allowed to ‘touch’ itself and ‘body4 _rigid’
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CONTACT PAIR

- Best described using example:

Home

IX
Displacement
Constraint

Geometry Properties

-i

Loads/BiCs

l:i_':,l

Meshing

A

. iapes

Farce

Modal

Temperature | Velocity | Acceleration | Crack(VCCT) |Element l!

Analysis Results

Element

Uniform =
Load/Boundary Conditions

For the rest of this seminar
the Contact Pairs method of
definition of contact
interaction will be used

Contact||
Variable =

Curability

=
|
Create || Initial

|Cond|‘t1‘nns =

LBC

Load/Beundary Condtions
Action: v = el
Load/Boundary Cenditions | Input Data |
o Jy.Fes ‘Geometric Contact Parameters:
Current Load Case Property Set Hame: E
Defaul... ] A
Type: Static .
Distance Tolerance(ERROR)
Bias Factor(BIAS)
Existing Sets T
Interference Closure(CINTERF)
[[] Glued Contact(GLUE)
News Set Name
Automatic_Contact
[] stressfree IntCont(ICOORD)
[[] Delayed Side Off(ICOORD)
l gulal I Select: |Node To Segment >
l Select Application Region. ]
Contact Detection{ISEARCH}
Automatic
S
( Single Sided
(] ) Double Sided
Lok ] [pefauts| [ cancel |

3]

Actions =

i.‘.

Create LBC
Load Case ||Fields~
Load Cases

Body Pair Application Region =

Mode:

Body1/Master/Touched

Existing Bodies X

=

Ll

T2
L“.a'

Body1 Name:

30_bdy1

[] self contact

Body2/Slave/Touching

=

Body2 Name:

3D_bdy

ftware

u (2]




CONTACT PAIR

« A ‘CONTACT PAIR’ is defined like other Loads/BCs and defines
which bodies are to interact.

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

K- e B e < e

Displacement [ Force | Temperature | Velocity | Acceleration | Crack{VCCT) || Element || Element || Contact||| Create Initial LBC Create LBC
Constraint Euniform'ii\far\able'-‘Bodies' dy Pair Conmtionsv,ﬁmans'i Load Case |F\e|ds'-
Modal Load/Boundary Conditions Body Pairs “ Load Cases|| |
Action ‘_"‘/
Object A/
e Body 1
female_clip_contact_body
Option male_clip_contact_body
Current Load Case:
Defaul.. ]
Buody Pair Application Region EIE
Type: Static 2! 2t J L —
[
Mode: Existing Bodies >
Existing Sets. E

Body1/MasterTouched

Body1 Name:
femals_clip_contact_body

[] Self contact

New Set Name

contact_pair_1 Body2/Slave/Touching

:
BodyZ Name:

male_clip_contact_body

[ Input Data... ]
I Select Application Region... J

- Like other Loads/BCs the contact pair can active/inactive as
desired by the user in each loadcase

MSGC ASoftware



CONTACT PAIR

« Each CONTACT PAIR can have a unique set of parameters that

will affect the behavior of that pair, including:

— Distance tolerance
— Bias factor
— Separation force
— Glue Load/Boundary Conditio
i = = :
iNnifi Object: Hard-Soft Ratio [HARDS)
— Stress free initial contact |~ :
— Order behavior _
3 sub-forms are available |7 ~
via the ‘Input Data’ button |-~ =
to define the various
parameters.
* Like other Loads/BCs the |_._.
contact pair can be made )
activel/inactive as desired Z
by the user in each —_——r
loadcase

Fric Stress Limit (FRLIM)

/

IE

Load/Boundary Conditions | In2! ut Data
. i

Body2/Slave: Body1/Master:

Solid Element Contact Options:

include Outside Include Outside

Rigid/Shell Element Options:

Include Outside Include Outside

Check Layers: Check Layers:
lTnpn’Euttnm ‘] hupﬂﬂunum =

[Jignore Thickness [ lgnore Thickness

Edges Contact Options:

Include Edges

Check For: Check For:
[Bean‘v’Bar ! ] {Beamfﬂar b J

Include Edges

I OK ] IDefaults] [ Cancel J

Software

cancel | Msc




CONTACT PAIRS WRITTEN FROM PATRAN

Body_1

ﬁ\i%zﬁﬁ i ER L. N Y E Y LN o ND

BCTABI1 0 8004 8005 . .

ECONECT 8004 2 1 «—— Specifies Interaction between Contact Body 1 and 2
BeNEe T 005 e 005 e 2 «— Specifies Interaction between Contact Body 2 and 3

% Element= and Element Properties for region | DloOcRT Use BCONECTS 8004 and 8005

% Loads for Load Case : Default Note the use of BCBODY1
Lorm Body Contact LBC ==t Hodsr .

BCBODY1 )« D DEFORM 1 entry (not BCBODY), required
1 1 2 3 4 g & 7 . .
5 3 10 11 19 14 14 ic when using contact pairs
16 17 18 19 20 21 22 23
24 25 26 27 28 29 20 21
32 33 34 35 36 37 38 39
40 11 42 43 44 45 16 47
418 19 50 £1 g2 53 c4 gt
5k 57 58 59 60 61 62 63
64

Deform Body Contact LBC set: Body 2 Contact Body Definition
2 3D DEFORM 2

e 2 65 66 67 68 £9 70 71
72 73 74 75 76 77 78 79
20 21 a2 23 04 ag 26 a7
88 89 90 91

AR Body Contact LEC =et: Body 3
#W 2 aD DEFORM 3
eURE 3 92 93 94 95 96 37 98

99
% Referenced Coordinate Frames
ENDDATA 7486e87b
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CONTACT PAIRS IN MSC NASTRAN

BCONECT — MSC Nastran entry to define which contact bodies
interact with which other contact body

In its simplest form this will be a single line specifying 2 bodies

Lists of bodies may also be defined if desired

BCOMNECT m BCGPID BCPPID | IDSLAVE | DMASTER
LAVES™| IDSL1 5L IDSL3 ID5L4 IDSLS IDSLE IDSLT
IDSLE IDSLo P
*mssrm IDMAL IDMAZ IDMA3 IDMAS IDMAS IDMAG IDMAT

IDMAR IDMAL

Examples:
|BC'OI‘CECT| 57 | 306 | | 2 | 1002 | | | |
BCONECT 9 108

SLAVES 30 26

MASTERS 204 135 528

BCTABL1 - specifies which BCONECTSs are to be a
simultaneously and is referenced at the Case Control level by

BCONTACT:
L}
BCTABL] | BCID D1 m?2 D3 4 D3 D6 D7
D3 Dg -ete.-
Examples:
BCTABL1 2 198 62 15 g 159 i1 82 44
17
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CONTACT PAIRS IN MSC NASTRAN

- Example — bodies 1, 2 and 3 in a sequence

Body_1

- User specified ‘single sided’ search sets
appropriate value in MSC Nastran BCONPRG entry

Load/Boundary Conditions Input Data |

Geometric Contact Parameters:

Property Set Name: E
block2_to_block3_g

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.89999998

Interference Closure(CINTERF}
0.

0.

Hard-Soft Ratio (HARDS)
2

[] Glued Contact{IGLUE)

[ stressfree IntCont(ICOORD)
[] Delayed Slide OffICOORD)

ML anmil 1]
BCTAELL O 2004 200c
select BCONECT 8004 2 1
BCONECT 8005 3006 3 2
Contact Detection(ISEARCH) ECONERC 3006 ISEARCH 1
() Automatic /// BCTABL1 1 aoo4 a00s
w 5 Element=s and Element Properties for region : blockl

) Double Sided

[ 0K J [Defaults] I Cancel I

MSGC ASoftware



BCONTACT = ALLBODY

- With this Case Control command, the definition of contact pairs is
eliminated

— All bodies can potentially contact each other

- Care should be exercised
— Good for checking out runs
— Convergence can be difficult
— Run time can be longer

MSGC ASoftware



WORKSHOP 3 - DEFORMABLE TO RIGID CONTACT

Perform a start to finish contact analysis with MSC Nastran that
uses both deformable and rigid contact bodies

Gain experience in the definition of the motion of rigid contact
bodies

Gain familiarity with the Patran contact analysis GUI

MSGC ASoftware



OVERVIEW

« Contact Detection
— Node to segment
— Segment to segment

MSGC



CONTACT DETECTION

« Term used to define how Nastran determines whether 2 contact
bodies are interacting

- 2 types of contact detection are available in Nastran
— Node to Segment
— Segment to Segment

- Each has its own advantages, discussed in the following sections
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NODE TO SEGMENT CONTACT

- This type of contact had been developed and tested for many
years and is a proven technique.

- However, it has some drawbacks. Segment to Segment contact

was recently developed to overcome these drawbacks (discussed
later).

 For Node to Segment contact a node can come into contact with a
segment.

- For Segment to Segment contact a segment can contact another
segment (discussed later).

MSGC ASoftware



POSSIBLE CONTACT SCENARIOS

distance tolerance

1) Node outside element patch, outside distance tolerance

2) Node outside element patch, inside distance tolerance
3) Node inside element patch, inside distance tolerance
4) Node inside element patch, outside distance tolerance
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CONTACT DETECTION - SCENARIO 1

- Slave grid outside master and outside D1
— bodies are not in contact
— nothing has to be done, most simple case

Distance Tolerances

D1=(1 — )X
D2=(1 + )X

— contact normals
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DISTANCE TOLERANCES

« Input on BCPARA,0 or BCONPRG (discussed later)

BCPARA

0

ERROR

0.25

BIAS

0.9

ERRBAS

1

- By default, ERROR is evaluated from:
— Y0 X “smallest element edge” for continuum elements
— V., x “smallest thickness” for beam and shell elements
— Measured globally or pair wise (ERRBAS=0/1)

- BIAS

— The range is between 0.0 and 1.0
— Default value is 0.9

— For glued contact it will be 0.0
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CONTACT DETECTION - SCENARIO 2

- Slave grid outside master but inside D1

— Only at the start of an increment slave is considered for contact. Apply
contact constraint and iterate until the solution converges (equilibrium).

— Then check the contact force. In case of separation continue iterating.
Otherwise go to the next increment.

Slave

Master
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SEPARATION CHECK
BCPARA / IBSEP - separation force flag (default=0)

0: separation if the contact pulling force exceeds FNTOL (input in BCPARA
or BCTABLE. Default: maximum residual force in the complete model).

1. separation if the contact pulling fake stress (pulling force divided by its
nodal area) exceeds FNTOL (default: maximum stress at a reaction node in
the model times the convergence tolerance).

2: separation if the contact pulling stress (from extrapolating and averaging
integration point values) exceeds FNTOL (like 1)

3. separation if the contact pulling fake stress exceeds FNTOL (default=0.1)
times the maximum contact stress in the model

4: separation if the contact pulling stress exceeds FNTOL (default=0.1)
times the maximum contact stress in the model

Notice that for quadratic contact, only options 2 or 4 can be used since the
nodal forces do not provide proper values
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SEPARATION CONTROL

BCPARA / ICSEP - separation flag (default=0)
0: if the force on a node is greater than the separation force, the node

separates and an iteration occurs

1: if a node, which was in contact at the end of the previous increment, has
a force greater than the separation force, the node does not separate in this

increment, but separates at the beginning of the next increment

2: if a new node comes into contact during this increment, it is not allowed

to separate during this increment (prevents chattering)
3: both 1 and 2 are in effect
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CONTACT DETECTION - SCENARIO 3

- Slave grid inside master and inside D2

— Apply contact constraint and iterate until the solution converges
(equilibrium)

— Then check the contact force. In case of separation continue iterating.
Otherwise go to the next increment.

// ,’, D2 /, Slave

Master
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CONTACT DETECTION - SCENARIO 4

- Slave grid inside master but outside D2

— Slave grid has penetrated

 For statics: repeat iteration with scaled back Dui (maximum penetration: 10% of
D2). If converged check for separation. If separated continue iterating. Otherwise
go to the next increment.

» For dynamics: scale back the timestep appropriately.
— If this situation occurs at the beginning of the analysis, contact will not be
found.
» Prepare your model so that this situation does not occur initially

-

»
Pt g
.- D1~
L7 2 D2 .
-
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EFFECT OF CONTACT TOLERANCES

The sizes of the contact tolerances D1 and D2 have a significant
impact on the computational costs and the accuracy of the
solution

Contact tolerances too small:

— Detection of contact is difficult, leading to higher costs. Initial contact might
not be detected.

Contact tolerance too large:

— Nodes are considered in contact prematurely, resulting in a loss of accuracy
— Nodes might “penetrate” the surface by a large amount
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CONTACT SEARCH ORDER

- The contact search order is very important for node-to-segment
contact — this is the largest disadvantage of Node to Segment
contact

« There are various options to control how the search is carried out
(order in which bodies attempt to contact each other).

|t is important to understand how each search strategy works
when used with contact bodies of different mesh densities,
materials, etc.

- Simply using the defaults can result in contacts which, while they
converge, do not well model the situation.
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CONTACT SEARCH ORDER

 Single order search (ISTYP=1) on BCBODY

— by default, the lower numbered body is checked with itself and the higher
numbered bodies. For instance, body 1 is checked against bodies 1, 2, 3,
.... Body 2, however, is only checked against bodies 2, 3, ....

* Double order search (ISTYP=0, default)

— checks possible contact between any two surfaces (surface i is checked for
contact with surface j, and surface j is also checked for contact with surface
i, where i, j=1, 2, 3, ..., total number of surfaces in the problem)

 In both cases, penetrations can occur (discussed next)
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CONTACT SEARCH ORDER

e Check Body 1:

7

Check Body 2:
@ U, = U(U1, U3) ) Sklpped1 since
_ node 3 has
NV Hs ” U(UH—JS’ Ug) Us = (U, Us) . already been
= U(U,, U
independent ~ (Us, Up) used as a slave
dependent U, = u(us, U,) node
J

NAS400, Section 4, January 2015 ,
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CONTACT SEARCH ORDER
« Check Body 2:

7

>
@ Check Body 1: @

u, = u(uq, Us) U; = Uu(Us, Ug)
Us = u(uy, Us)
u6 = u(u?ﬂ UZ) .

_ skipped, but okay!
Uz = u(us, Uy) PP y

NAS400, Section 4, January 2015 S4 - 76 MSC A Software
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CONTACT SEARCH ORDER

- The default search order can be overruled by specifying ISEARCH
on the BCONPRG entry:

— 0: double search (lower numbered bodies first, i.e. 1,1; 1,2; 1,3; 2,1; 2,2;
2,3; 3,1; 3,2; 3,3). Default.

— 1: searching from slave to master (single sided)
— 2: body with finer mesh automatically becomes slave

- ISTYP in BCBDPRP can also be set to 2 (ISEARCH must be 0)

— double order search with automatic optimization of contact constraint
equations (“optimized contact”)

« The decision is made for the areas in contact. The bodies which are softer and
finer meshed in those areas come first. Soft has higher priority than mesh (based
on HARDS in BCONPRG, the hard-soft ratio, default=2.0).
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

 Node to Segment Contact (NTS) has some drawbacks which can
be avoided using Segment to Segment Contact (STS)

Improved accuracy

Node to Segment Segment to Segment
(Stress) (Stress)

7.44+00 6.10+00
6.80+00 ==..... 5.59+00
6.17+005 ‘ ’ 5.09+005
5.53+005— “ . ’ 4 58+005—
4.89+005— 4.07+005—
4.26+005— 3.57+005—
3.62+005— 3.06+005—
2.99+00 2.55+00

Al 2.35+002I T 2.05+00§I
1.71+005 1.54+005

-1.96+00 1.93+00:
-8.32+00 -4.87+00
-1.47+00 -9.94+00
-2.10+00 -1.50+00:

default_Fringe :
Max 6.10+005 @Nd 264
Min -1.504+005 @Nd 128

default_Fringe :
Max 7.44+005 (@Nd 2208
Min -2.10+005 (@Nd 140
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

- Advantages for Shell Contact

— For NTS, a shell cannot be “clamped” between two rigid bodies. This is
possible with STS.

— For NTS, a shell contact between two deformable bodies needs some care.
STS does not.

NTS body 1 > body 2 3
body 2 > body 3

or ¢
body 1 > body 2 \ g™ 4
body 3 > body 2

but not 1

Body 2 > body 1
Body 2 > body 3
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

- Advantages for Shell Contact (cont.)
— For NTS, shell edge contact is described as a line. STS describes the

“footprint”.

It
I

Node to Segment
(contact status)

Segment to Segment
(contact status)

MSGC

Software



SEGMENT TO SEGMENT CONTACT ADVANTAGES

— No Master-Slave Concept (avoid slave master search order)

[EEREITaCeZrace 0D P eV ieWpOT D= IBWeT P ISEe PGroup

Patran 2012 64-Bit 05-Jul-12 22:17:44

Fringe: SC1:, Al:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers

ISE \I tl I O o A

d z (e e e il

- Patran 2012 64-Bit 05-Jul-12 22:57:46 .
2 Fringe: SC1:, A1:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers 4.85+00
b 4.51+00
- 4.17+00
s I 3.83+00
. 51§50
Node to Segment =

default_Fringe :
Max 8 54+004 @Nd 43 2.82+00.

2.48+00:

\'shell_faceZface db - default_viewport - lower_plate = Group
2.14+00.

| Patran 2012 64-Bit 05-Jul-12 22:20:51 g 1.81+00:
Fringe: SC1:, A1:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers g = 1.47+00¢

1.39+003 1.13+00

ISEARCH=1 i s
/ / | , Segment to Segment -

Node to Segment
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DEFINITION OF STS CONTACT
 Find the segments that are in contact W ﬁ

. Find the common areas of the \ f
segments that are in contact

- Divide these areas into polygons

* Find the polygon points that are in
contact

—

oA

* The polygon points define a local connection between two
contact segments and the non-penetration constraints are
enforced using augmented Lagrangian approach.
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STS CONTACT INPUT
« STS Contact can be controlled via BCPARA

METHOD Flag to select Contact methods. (Character)
NODESURF | Regular 3D Contact (Default: node to surface contact)
SEGSMALL | Segment to segment contact with small shiding.
SEGLARGE | Segment to segment contact with finite sliding.
AUGMENT Augmentation method used 1n a segment-to-segment contact analysis.
i from QRG
0 No augmentation (Default)
1 Augmentation based on a constant Lagrange multiplier
field for linear elements and on a (bi)linear Lagrange
multiplier field for quadratic elements
2 Augmentation based on a constant Lagrange multipher
field SEGSYM Specify symmetric or non-symmetric fricion matrnix in segment to
3 Augmentation based on a (| segment contact analysis. (Integer 0 = symmetric matnx or 1 = non-
field symmetric matnx; Default = 0)
PENALT Augmented Lagrange penalty factor: us| TAUGMNT Augmentation for the sticking part of friction n a segment-to-segment
contact algorithm only. (Real > 0.0; see contact analysis. (Integer 0 =no augmentation or 1 =use augmentation:
e : : Default =0
AUGDIST Penetration distance beyond which an a — ) — —
used by the segment-to-segment contac | IPENALT Augmented Lagrange penalty factor for sticking part of friction, used by
BCTABLE entry for default) the segment-to-segment contact algorithm only. (Real = 0.0) The
> o : default 1s PENALT/1000. where PENALT ter 1s the A ted
SLDLMT Maximum allowed sliding distance. bey Le i — parameter 15 e Augmente
= agrange penalty factor for normal contact.
redefined. for segment to segment cont:
deformation. (Real = 0.0; Default = 0.0 | STKSLP Maximum allowable slip distance for sticking. beyond 1t there 1s no
sticking, only sliding exists, used by the segment-to-segment contact
algorithm only. (Real = 0.0; Default = 0.0) See Remark 11..
NAS400, Section 4, January 2015 S4 - 83 MSC A Software
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STS CONTACT INPUT

STS Contact can be controlled for contact pairs via Geometric
Contact Parameters in BCONPRG

AUGDIST: Penetration distance beyond which an augmentation will be
applied

PENALT: Augmented Lagrange penalty factor

STKSLP: Maximum allowable slip distance for sticking, beyond it there is no
sticking, only sliding exists

TPENALT: Augmented Lagrange penalty factor for sticking part of friction
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STS CONTACT INPUT

« METHOD to select small or large sliding STS
— NODESUREF: NTS (default)
— SEGSMALL: STS, small sliding
— SEGLARGE: STS, large sliding

 AUGMENT to select the Augmentation Method

— 0: no augmentation (default)

— 1: constant Lagrange Multiplier field for linear elements, (bi)linear field for
quadratic elements

— 2: constant Lagrange Multiplier field
— 3: (bi)linear Lagrange Multiplier field
— For rigid-deformable contact Augmentation is always on
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STS CONTACT INPUT

 PENALT, Augmented Lagrange penalty factor
— Default: depends on the contacting body stiffnesses and a characteristic
length (unit=force/length3)

- AUGDIST, Penetration distance beyond which an augmentation
will be applied

— Default: 1e-3 of the characteristic length

- SLDLMT, for seglarge. Sliding distance beyond which contact
segments are to be redefined

— Default: 5 times the default contact tolerance ERROR

« SEGSYM, symmetric or non-symmetric friction, 0: symmetric
(default), 1: non-symmetric
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STS CONTACT INPUT

« TAUGMNT, Augmentation for the sticking part of friction
— 0: no Augmentation (Default), 1: Augmentation

- TPENALT, Augmented Lagrange penalty factor for sticking part of
friction

— default is PENALT/1000

- STKSLP, Maximum allowable slip distance for sticking
— 0.0: maximum sticking displacement (default)
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DEFINE STS IN PATRAN

Home Geometry Properties Loads/BCs SLsolution Bacameters =i ) DR
- .Static Solution Parameters = = Analysis |
) ’17 \‘.E' Database Run : “1{; ar @ l[® Action:  [Analyze +
I — o Ol Cyclic Symmetry plution Type 4l obiect  [Entire Model ~
Entire || Selected | Load Analysis Read | Submi et ||
Model | Group | SimXpert || Deck [¥] Automatic Constraints |Analysis | Solution Type | Method: |Analysis Deck ~
Ml Contact Control P g [inertia Relief MSC_'NaS“an
ontact Control Parameter: Solution Type Gadee Ve N
_[ [[1Alternate Reduction = LERER
CONTACT Control Parameters )
C1SOL 600 Run Solution Type: Type:  Structural
@ LINEAR STATIC
Control Method: |Segment to Segment  ~ CJSOL 700 R
[Se £0 ] un ONONLINEAR STATIC —— -
Shell Normal Tol. Angle = ONORMAL MODES Contact
Mass Calculation: OBUCKLING
O COMPLEX EIGENVALUE
Lalrriasats O FREQUENCY RESPONSE
Plate Rz Stiffness Factor = OTRANSIENT RESPONSE Job Name
[ Contact Detection... | _ - ONONLINEAR TRANSIENT [
= Maximum Printed Lines = OIMPLICIT NONLINEAR —
[ Separation... J e i ODDAM Soltion Job Description (TITLE)
e bt S e e i A
[ Ercion= J THIS IS REVISED CASE
. Wt-Mass Conversion = 1.0
[ Augmentation... J
ac TR o | Select ASET/QSET... ]
iti SUBTITLE
Initial Contact Parameters 3ok il Texrmeraie = :
[JEnable Initial Contact :
Defa\ilt Load Temperature = LABEL
Hicid Npent Tipe — | Solution Parameters. . |
W o-Aantive Cucles 3 [ i \ [ Translation Parameters. ]
Ma p-Adaptive Cycles = < Solution Sequence: 101 N
Increment Control | Contact Parameters_.. ] 1 Solution Type... |
Penetration Check: [At End of Increment [ J [ Direct Text Input... |
Fatigue Parameters... =
[ OK J [ Cancel J [ Select Superelements... |
Other Parameters Results Qutput Format.
[JReduce Printout of Surface Definition L J % zubceses.. }
Subcase Select...
[ OK J I Defaults J [ Cancel J
OK J [ Defaults J L Cancel ] Apply
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INFLUENCE OF AUGMENTATION

- Augmentation enables minimization of penetration as the
following example demonstrates

- The augmentation method will influence the number of iterations
and the results; however, to get a quick insight in a problem you
could choose not to augment. This is therefore the default.
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STS CONTACT DETECTION PARAMETERS

« Contact Distance Tolerance, same as NTS, but
— SLDLMT is defaulted to 5 times ERROR. For small values of ERROR, this
may unnecessarily result in the message “Recalculating Segments”, thus
increasing the computational costs.
« Separation Control
— Only stress based separation based upon absolute stresses is available. Be
careful when an input deck comes from NTS and an FNTOL refers to force.
« Search order is immaterial
— ISEARCH, ISTYP, HARDS are ignored
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STS CONTACT LIMITATIONS

Not available at this time:

Thermal analysis

Coupled analysis with multiple physics
Brake squeal analysis

Adaptive meshing

Beam to beam contact

Breaking glue

Output of normal contact stress and friction contact stress for glued or

frictional contact

The following parameters are not supported:
« MAXSEP, ICSEP, IBSEP, RVCNST, BEAMB and NLGLUE

MSGC



OVERVIEW

Special Features
— Interference (Workshop — Interference Fit)

MSGC



CONTACT INTERFERENCE - EXAMPLE
- Valve Insert Fitted into Cylinder Head

- No load
- quadratic contact

Real Model

von Mises

NAS400, Section 4, January 2015 S4-93 MSC ASoftware
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CONTACT INTERFERENCE

The interference closure distance is defined via CINTERF in
BCONPRG entry

— It only affects nodes which are already in contact
— The regular contact-related incremental displacement is modified by:

AV, :=AV,+d.y
— diis CINTERF, the user-defined interference closure distance normal to the
contact surface

When contact bodies are moving
— CINTERF>0: contact starts earlier by di (initial interference)
— CINTERF<0: contact occurs after penetration of di (initial clearance)
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CONTACT INTERFERENCE

In Patran:

Geometric Contact Parameters:

Property Set Name: 'E
Distance Tolerance(ERROR)
Bias Factor(BIAS)

[os

Interference Closure(CINTERF)

[o0
Hard-Soft Ratio (HARDS)
20

[] Glued Contact(IGLUE)

|:| Stressfree InitCont{ICOORD)
[ Delayed Siide Off(ICOORD)

Select: [N_c"je To Segment =

Contact Detection(ISEARCH)
O Automatic

() Single Sided

(%) Double Sided

[ OK ] [Def&ul@s] [ Cancel J

Ol =]

|

Specification of
interference

MSGC



CONTACT INTERFERENCE
« BCONPRG - used to define CINTERF

BCONPRG | BCGPID PARAM1 VAL1 PARAM2 VAL2 PARAM3 VAL3
PARAM4 | VAL4 PARAMS VALS -etc.-
« Example
BCONPRG 90 CINTERF .01

MSGC



CASE STUDY: INTERFERENCE FIT

« Define contact bodies

M interference_fit.db - default_viewport - oliter - Group

: Bl x|
.LDEGJ'BDLInﬁEI'Y Conditions | i Ol x|
A :\_J Load/Boundary Conditions | .
- A
. Action: b ,._J
Object:
Object: -v
Type: —Element Uniform "4 e -Cuntact
> = Type: Element Uniform X
Option [Body Pair__ ¥ | I _ . .
Current Load Case: i Deformable
[ Defaut Current Load Case:
Typ Static Defautt... ]
Type: Static
Existing Sets lE
New Set Name
| contact pa- New Set Name
Target Element Type:
| Input Data... |
1 Select Application Region... 1 [ Input Data... ]
[ Select Application Region... ]
-Apply-
[se]
12 -Apply-

|ne

Play Case study video:

NAS133 S4 cs interference fit
MSC




CASE STUDY: INTERFERENCE FIT

 Define Contact Parameters

— Segment to segment contact
— Bilinear Coulomb friction model

N Friction Parameters

Friction Parameters for Cortaci Analyss

Type: [couomn__ ¥

Coulomb “riclion Models

A

Methnd- [Elilinsar (Dieplacement) =
Dilinear (Dispacement)
[ Mo-Symmetric Matrix
Sliding
( Finte () Small
[Siding Threshold]
Maramcteras
nns
1.0
0K | [ Nefallz i Cancel

[ Contac: Detection... ]

[ Separatinn ]

—a [ricsicn... I i
Algmertation ..

izl "ontzrt Parameters

[C]Faahle Initial Con-art

hcrament Contral

Pznetrafion Check: |par fteration z

Other Faramelars
[C]Redira Prictruit of Su-face Nefindinn

(T |

Jefaults J l Cance

[N Solution Paramsters

Etatic Solution Marcmzters
[#] va:abase Hun

D Cyclic Symmmery
Automatic Corsirants
[ inertia Reiet

D Alzrnaze Reduction
LI50L 500 Run

["150L 700 Run

Shel Hnrmal Tn: Angle =

M3iss Calculahon:

Liate Leck Echo:

Plate B Stiffiass Fartn: = 1000

Maxirmum Frirted _ires =

Maximum Fun Tire =

WE-Mass Colversion = 10

Mudz id. T Wl Gener, =

Defaut Initial Tempe-aiure -

Defaut Load Temaerature -

Rigid Element Tvps:

:Anarys;s.. Solution Type l

MSC.Nastran
Solution Type

Solution Type:

(%) LINEAR STATIC

(O NONLINEAR STATIC

) NORMAL MODES

() BUCKLING

O COMPLEX EIGENVALUE
(O FREQUENCY RESPONSE
O TRANSIENT RESPONSE
(O NONLINEAR TRANSIENT
O IMPLICIT NONLINEAR

(O DDAR Solution

[ Select ASET/QSET. . ]

l Solution Parameters.. I |«

Solution Sequence: 101

0K ] [ Cancel

Fatgie Perameters ]
Aesuits Ouiput Format... ]
ox | [ __pemus | [ cawal

Analysis |
Action:
Method:

Full Run

Code: MSC.Nastran

Type: Structural

Available Jobs 0

Job Name
Interference

Job Description (TITLE}

SUBTITLE

LABEL

Translation Parameters...

Solution Type...
I Select Superelements... I
I Subcases... I
I Subcase Select.. ]
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CASE STUDY: INTERFERENCE FIT
| Select Applicaton Region

Select Application Region

 Define Contact Pair
Parameters

— Set contact distance
tolerance larger than
interference fit amount

— Enter friction coefficient

- Define Application
Region
— Assign master and slave
bodies

Budy i:‘ﬁ.ir"AppIic;tiun R.eg.iun |

Mode:

Body1/MasterMouched

Existing Bodies =

!

o=
(#]2]

|~

Body1 Name:

inter

[] self Contact

Body2/Slave/Touching

"

Body2 Name:
outer

Input Data

Blx|
Load/Boundary Conditions | Input Data |
[
Physical Contact Parameters: LA

/

Property Set Name: lE

Select: |Structural ¥

0.0

Friction Coefficient(FRIC)
0.3

Fric Stress Limit (FRLIM)
1.0e20

Select a Field

L QK i lDefaults] [ Cancel ]v

Load/Boundary Condtions | Input Data

e] ric Contact Parameters:

Property Set Name: E
Prop1

Distance Tolerance(ERROR)
0.05

Bias Factor(BIAS)
0.9

Interference Closure(CINTERF)
0.0

Hard-Soft Ratio (HARDS)
20

[[] Glued Contact{IGLUE)

|:| Stressfree IntCont(ICOORD)
[ Delayed Slide Off(ICOORD)

Select: |Node To Segment b

Contact DetectionISEARCH)
O Automatic

O single Sided

(%) Double Sided

E OK ] IDefaults] ICanceI I:v
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CASE STUDY: INTERFERENCE FIT

 Plot circumferencial stress

Node to Segment Segment to Segment
7.44+00 £.10+00
T —— 6.80+00i 5.59+00:I
SO LTy
“‘“‘Illl....... 6.17+005 5.09+005
GOS0 ] s ser008
g ‘:‘“ ..’ ”‘ 4.89+005 4.07+005

S
p S

4.26+005— 3.57+005—

-8.32+00 -4.87+00

....lll“ 1.47+00 -9.94+00
.'gl.ll““‘ -2.10+00: 1.50+00
..-=‘ default_Fringe : default_Fringe :
Max 7.44+005 @Nd 2208 Max B.10+005 @Nd 264

Min -2.10+005 (@&Nd 140 Min -1.50+008 @Nd 128
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WORKSHOP 4 - INTERFERENCE FIT

S

L

* Workshop Objectives:

— Perform interference fit analysis using deformable-
deformable contact

— Modify contact table parameters
— Understand the two methods of modeling interference fit

— Switch between Node to Segment and Segment to Segment
contact.
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OVERVIEW

Special Features

— Stress free initial contact
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INITIAL STRESS FREE - EXAMPLE

Note difference in max

Inc:
Tine:

1

1

1

o

o

=

e

w

-

o

ik

1.000=+000

4
(- 1.597e+005
n

.438e+005
.279e+005
.120e+00%
.Blee+004
0294004
J4dle4004
.B5de4004
.266e+004
LB79=+004

.15de+002

stress — only difference
between 2 runs is
specification of stress-
free initial condition

Equivalent Von Hiszes Stress

Inc: 1
Time: 1.000e+000

9.126e-009

8.214e-009

No Initial Stress-Free

.569e-009

3.658=-009

2.747e-009

1.836e-009

9.245e-010

1.324e-011

g

Initial Stress-Free
MSC

Software



INITIAL STRESS FREE CONTACT

- Before starting with the first increment a check is performed on
initial contact (BCTABLA1, 0)

— Upon penetration slave is constrained to master
— As a result stresses may develop

Geometric Contact Parameters:

— For stress free initial contact is set by defining ICOORD 10 1 | rwensetane

blockZ_to_block3 g

« BCONPRG in MSC Nastran input file or in Patran Distance Toerance(ERROR)

Bias Factor(BlAS)
0.9

Interference Closure(CINTERF)
0.0

Hard-5oft Ratio (HARDS)
2.0

re pai red S I ave [[] Glued Contact{IGLUE}
geometry \

|l] stressfree InitCont{ICOORD)|
[ Delayed Slide OffICOORD)

Master

Contact Detection{ISEARCH)

i n itia I ) Automatic

() Single Sided
geometry () Double Sided

E Ok J lDefﬂults] |_ Cancel ]
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CONTACT STRESS FREE CONTACT
« BCONPRG - used to define ICOORD

BCONPRG | BCGPID PARAM1 VALA1 PARAM2 VAL2 PARAM3 VAL3
PARAM4 | VAL4 PARAMS VALS -etc.-
« Example
BCONPRG 90 ICOORD 1

MSGC



OVERVIEW

Special Features

— Glued contact (Workshop — Contact Pairs)
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GLUED CONTACT

SOL 101 and 400 support the general AND permanent glued
contact capability

General glued contact is a nonlinear solution
— Simulates a glued joint

— Bodies don'’t have to be initially in contact. They can come in contact during
the analysis and become glued

— After being glued together, bodies can separate again or stay glued based
on user-specified criteria

— Just like touching contact, the general glued contact utilizes the nonlinear
solver which is an incremental and iterative process
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GLUED CONTACT

Permanent Glued Contact is a special case of glued contact

Designed to help users quickly assemble components with dissimilar
meshes

Bodies should be in contact initially since contact detection is performed
only in the beginning of the analysis

Also available in SOL 103, 105, 107, 108, 109, 110, 111, 112, and 200

A linear solution. Permanent contact constraint MPC equations are used.
No nonlinear increments or iterations involved

MSGC ASoftware



SETTING UP GLUED CONTACT - IGLUE

« Glued contact is activated by IGLUE parameter in contact pair geometric
properties BCONPRG

0 — no gluing

1 - Activates the glue option. In the glue option, all degrees-of-freedom of the contact
nodes are tied in case of deformable-deformable contact once the node comes in
contact. The relative tangential motion of a contact node is zero in case of
deformable-rigid contact. This option is recommended when there is no gap or
overlap between contact surfaces or initial stress free contact is specified.

2 - Activates a special glue option to ensure that there is no relative tangential or
normal displacement when a node comes into contact. An existing initial gap or
overlap between the node and the contacted body will not be removed, as the node
will not be projected onto the contacted body. To maintain an initial gap, ERROR
should be set to a value slightly larger than the physical gap.

3 - Ensures full moment carrying glue when shells contact. This option is
recommended when there is no gap or overlap between contact surfaces or initial
stress free contact is specified.

4 - Ensures full moment carrying glue when shells contact. The node will not be
projected onto the contact body and an existing initial gap or overlap between the
node and the contacted body will not be removed, as the node will not be projected
onto the contacted body.
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SETTING UP GLUED CONTACT IN PATRAN

- Check Glued Contact to activate glued contact
« Select Retain Gaps/Overlaps to set IGLUE=2
Geometric Contact Parameters:

« Select Retain Moment to set IGLUE=3 or 4 Property SetName:

gluel

| Load/Boundary Conditions | Input Data

Distance Tolerance{ERROR)

Load/Boundary Conditions | Bias Factor(BIAS)
] ias Factor
Acton s
Object: -Contaci b
! Interference Closure{CINTERF)
Type:  [Element Uniform | 0.0

Option:  |Body Pair ~

0.0

Current Load Case:
Default... Hard-Soft Ratio (HARDS)
Type: Static 2.0

Glued Contact{IGLUE)
I Retain Gaps/Overlaps(IGLUE)
CIRetain Moment(IGLUE)
CIAllow Separation(JGLUE)
[1Stressfree InitCont(ICOORD)
[1Delayed Slide OffICOORD)
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SETTING UP GLUED CONTACT - SEARCH

 When glued contact is used, MSC Nastran will automatically
create a network of MPCs connecting the bodies in contact

- The quality of this network does depend on the contact search
order

- A good strategy is to use the Automatic search order when
initially setting up glued contacts, and then double-check the
MPCs created (discussion to follow)
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PERMANENT GLUED CONTACT

. If all contact pairs corresponding to the |z, STX|
fil"st Ioad Step contain |GLUE > 0, Contact Detection Parameters (BCPARA)
permanent glued contact will be usedin | . .
the anaIySis Bias on Tolerance (BIAS): 0.9

- For permanent glued contact, contact | /= eemmaereneckcree
status never changes, any contact pair | = =
that is not within contact tolerance Crecklayers:  [TopandBotiom ¥
initially will not be glued lnereTnckacss

¢ TO a"ow bOdies come in contact and Quadratic: Elements
become glued during the analySiS, [] Activate Quadratic Contact (LINQUAD)
general glued contact must be used AR

° Set NLGLUE tO 1 in BCPARA entry for [ | Activate 3D Beam-Beam Contact (BEAMB)
general glued contact Giue Options

|:| Permanent Gluing (MLGLUE)
[ Ok ] L Defaults J [ Cancel ]
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MOMENT CARRYING GLUED CONTACT

* For shell Edge-to-Edge or shell Edge-to-Face glued contact, it is
important to turn on the Retain Moment option to enable the

dglued joint to transfer moments

- Set contact option to ignore shell thickness to
simply glue the mid-planes of the shells

| Load/Boundary Conditions | Input Data

 Load/Boundary Conditions | Input Data

Body2/Slave: Body1/Master:
Solid Element Contact Options:

Include Outside ~linclude Outside

Rigid/Shell Element Options:

Include Outside Minclude Qutside

Check Layers: Check Layers:
iTop.fBoﬁom '] [Top!Boﬂom ']

Geometric Contact Parameters:

Property Set Name: E
glue

Distance Tolerance{(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
0.0

0.0
Hard-Soft Ratio (HARDS)
20

| @ Glued Contact(IGLUE) |

Edges Contact Options:

Include Edges Include Edges

Check For: Check For:

[Beam‘Bar Z ] [Beamear x

[JRetain Gaps/Overlaps(IGLUE)
| I Retain Moment(IGLUE) |
[ Allow Separation(JGLUE)
[ Stressfree InitCont(ICOORD)
[ Delayed Slide Off(ICOORD)
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MOMENT CARRYING GLUED CONTACT

* For shell Edge-to-Face glued contact, slave and master choices
are important

— The shell edge body needs to be the slave.
— The face body needs to be the master.

Shell edge
to shell face
(at ¥/, away)

MSGC ASoftware



CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Analyze the shrouded vanes shown below

— This is the MSC Nastran Demonstration Problems Manual Example 25
— Hub and vanes are meshed with Tet10 elements
— Shroud is meshed with Hex8 elements

— Glue the two bodies together and compute the first 10 free-free modes

Finer mesh

Play Case study video: Hex8 — Ze'nto nqoub/e
NAS133_S5_cs_glued_contact curved interiace
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

Home Geometry Properties Loads/BCs Meshing Analysis Results Curability

E3
Displacement
Constraint

Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial
Load

Modal Element Unifarm

Lﬁ

Distributed

Load

(1D Distributed
Load

z3

otal
0a

T
L

d

|| |
i N1E S

Element Variable

o

Rigid

M

Deformable

Contac Bodis

« Import the MSC Nastran input file

Vanes and_Shroud.dat

Create two contact bodies

T ,Shroud
/|

Load/Boundary Conditions |
. [a]]
Action:  |Create =

: ||
Object:  |Contact ~ =

Type:  [Element Uniform _~ |

Option: [Deformabie Body ‘]

Current Load Case:
Default. .. ]

Type: Static

Existing Sets =
_~Hub_and_Vanes

New Set Name
| Shroud

Target Element Type:

[ Input Data... ]

[ Select Application Region... ]

-Apply- ™

[}l
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Define Contact Pair using Automatic feature in Patran.

|E File Group Viewport Viewing Display Preferences |Too|s | Help  Utilities I

MSC.Fatigue
Laminate Modeler
Random Analysis..
Analysis Manager..,
List

Mass Properties...
Beam Library...
Regions...
Modeling

Design Study
Results

User Defined AOM...

Pre-Release

Model Contents...
Properties Import...
Load Tools...

Model Variables...
Element Quick Create..,

Property Data Plots...

Mass Property Management...

Assembly

Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

MSM Properties...

Feature Recognition..,

Contact Bodies/Pairs...

Contact Body Pair Name
Hub_and_Vanes_Shroud_pair

Body1 Name
Hub_and_Vanes

Body2 Name
Shroud

1 Contact Body Pair created for given distance tolerance.

Create  |Body Pair ¥

Distance Tolerance:| 0.005
@ All Bodies O Deformable Only

Create From

@ Entire Model C Current Group
C Current Viewport O Select Bodies

Contact Property Set
@ Default O Individual
C Specify

| dummy_geom_prop

' dummy_phy_prop

ool

Cancel
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

e Check IGLUE

« Turn on Stress-Free Initial
Contact (ICOORD = 1). This
specifies stress-free initial
contact which modifies the
coordinates of the nodes in
contact to close gaps and
penetrations between the two
bodies.

 Turn on Automatic Contact
Detection (ISEARCH = 2).

— This is an important step to
improve clean rigid-body modes
and help the model pass the
grounding check (discussed
later). It also ensures no artificial
stresses are induced.

Load/Boundary Conditions

Geometric Contact Parameters:
Property Set Name: @
dummy_geom_prop

Distance Tolerance(ERROR)

Bias Factor(BlAS)
0.89999993

Interference Closure(CINTERF}
0.

Hard-Soft Ratio (HARDS)
2

I Glued Contact{IGLUE} I
|:| Retain Gaps/Overlaps(IGLUE)
[] Retain Moment(IGLUE)
[] Allow Separation{JGLUE)
I Stressfree IntCont{ICOORD) I
[ Delayed Side Off{ICOORD)

Select: leje To Segment =z ]

Contact Detection{ISEARCH}
©iAutomatic

) Single Sided

() Double Sided

Input Data

l Ok J lDefauItsI I Cancel ‘
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Set up a SOL 103 normal modes analysis and request the first 10

modes.

MSC.Nastran
Solution Type

Solution Type:
() LINEAR STATIC
) NONLINEAR STATIC

| ® norMAL MODES

) BUCKLING

() COMPLEX EIGENVALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE
(") NONLINEAR TRANSIENT
() IMPLICIT NONLINEAR

() DDAM Solution

[ Select ASET/QSET...

[ ] interactive Modal Analysis

I Solution Parameters...

Solution Sequence: 103

L QK J I Cancel
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT
* Review the BCONPRG entry.

— |IGLUE=1
— |COORD=1
— ISEARCH=2
BEGIN BULK
PARAM POST 0
PARAM  PRTMAXIM YES
EIGRL 1 10 0
BCTABLL 0 8004
BCONECT 8004 3003 2 1
BCONPRG 3003 ICOORD 1 IGLUE 1 TSEARCH 2 |
BCTABLL 1 8004
% Deform Body Contact LBC =et: Shroud % Deform Body Contact LBC =et: Hub_and YVanes
BCBODY 2 3D DEFOEHM 1 0 BCBODY 1 ah DEFOEM 2 1]
BSTRF 1 100000 100001 100002 100003 ESURF 2 10000 10001 1000z 10003
100007 100008 100009 100010 100011 10007 10008 10009 10010 10011
100015 10001 100017 100018 100019 10015 10016 10017 100183 100149

- Important: BIAS is not specified, which defaults to 0.0 for glued
contact. A Patran entry for BIAS will be ignored for glued contact.
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

* Review normal modes results:
— 6 clean rigid-body modes

MODE EXTRACTION EIGENVALUE
NO. ORDER
-5.905578E-06
-4.889644E-06
-2.927081E-07
6.376205E-06
.417556E-06
.275000E-05
.122922E+07
.129464E+07
.581327E+07
.348376E+08

O W oo Joy Ul WDN P
O W 0 J o Ul i W -
= oo 0P o

[y
=

REATL EIGENVALUES

RADIANS CYCLES GENERALIZED GENERALIZED
MASS STIFFNESS
2.430140E-03 3.867687E-04 1.00000CE+00 -5.905578E-06
2.211254E-03 3.519320E-04 1.000000E+00 -4.889644E-06
5.410251E-04 8.610681E-05 1.000000E+00 -2.927081E-07
2.525115E-03 4.018845E-04 1.00000C0E+00 6.376205E-06
3.068804E-03 4.884152E-04 1.00000CE+00 9.417556E-06
3.570714E-03 5.682967E-04 1.00000CE+00 1.275000E-05
7.157459E+03 1.139145E+03 1.000000E+00 5.122922E+07
7.162027E+03 1.139872E+03 1.000000E+00 5.129464E+07
7.470828E+03 1.189019E+03 1.000000E+00 5.581327E+07
W elted_modal.db - de viewport - defau oup - By enfie .

1st flexible mode 1,1

39 Hz
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GLUED CONTACT - STATUS

 Verifying the glued contact status is important. It is possible to

glue only a few nodes on a large surface. This leads to incorrect
deflections and stresses

- Glued contact can be evaluated by examining the deflected
shapes and stresses of the model

— Glued contact can be visualized by making contact status marker plots




GLUED CONTACT - MPC EQUATIONS

« MSC Nastran internally generates MPC
equations to represent the glued contact

« The MPCs generated to model glued contact
can be written during the analysis in a punch
(*.pch) file

« These MPCs can then be directly imported into
the Patran database to provide a visual
reference to the glued contact

« The MPC punch file is created with the
following Case Control Command:

— NLOPRM MPCPCH = BEGN

{:} Masztran System Cell Section

) File Managemert Section
{:} Executive Control Section

*) Caze Contral Section

) Bulk Data Section

Cle

MSGC

Software



GLUED CONTACT - MPC DISPLAY

« Confirm network of MPCs connecting contact bodies

« Use UNDO to remove MPCs from model, or delete them manually

MPCs with Automatic Search

NAS400, Section 4, January 2015
Copyright© 2015 MSC.Software Corporation

Vane from CASE
STUDY 1

Details are
discussed in the

Contact Results
Output section

S4 - 124

MPCs with Default Search

MSGC

Software



GLUED CONTACT GROUNDING ISSUES
« What is Grounding?

If an MSC Nastran model is properly created, and it is completely
unconstrained, movement at one point of the model should cause the entire
model to move as a rigid body, with no internal forces. If this is not the case,
the model has Grounding errors.

Grounding most often occurs with the misuse of CELAS and CBUSH
elements, RBEs, and MPCs

The GROUNDCHECK command can be used in MSC Nastran to help
determine in any such problems exist.

Glued contacts are covered by the GROUNDCHECK N-Set Output.
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GLUED CONTACT GROUNDING ISSUES

- While glued contacts may work perfectly in a model, their use can
still cause failures to be flagged via GROUNDCHECK

* IGLUE=1 or 3 will cause grounding if:

— There are gaps or overlaps between the contact surfaces (they are not
perfectly aligned)

— And permanent glued contact is used
— And stress-free initial contact (ICOORD = 1) is not specified

- The above scenario is a common occurrence in real world models
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WHY DOES IGLUE CAUSE GROUNDING?

* Glued contact creates a network of MPCs rigidly linking the
contact bodies together

— IGLUE = 1 will create a network with 3 MPCs per slave node, linking the 3
Translational DOF.

— IGLUE = 3 will create a network with 6 MPCs per slave node, linking the 3
Translational and 3 Rotational DOFs.

— The MPC coefficients for these options will not take the geometry change
caused by a gap or overlap properly into account, leading to “unbalanced”
MPCs and a grounding problem.
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HOW TO PREVENT GROUNDING?

- To prevent a grounding
problem you can:

— Retain initial gaps or overlaps
between the contact bodies
* Check Retain Gaps/Overlaps
— Touse IGLUE =2

* Check Retain Gaps/Overlaps
and Retain Moment
— Touse IGLUE =4

— Check Stress-free Initial
Contact

e To use ICOORD = 1 which
maintains stress-free initial
contact.

Use only one of these two

options. Don’t use both at the
same time.

Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:

Property Set Name: e
glue

Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

0.0
Hard-Soft Ratio (HARDS)
2.0

[ Glued Contact(IGLUE)

Stressfree InitCont(ICOORD)

[ Delayed Slide OffICOORD)

Select [Node To Segment_~ |

'Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:

Property Set Name: =
glue

Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

0.0

Hard-Soft Ratio (HARDS)
20

Glued Contact{iGLUE)
Retain Gaps/Overlaps(IGLUE)
[JRetain Moment(IGLUE)
1 Allow Separation{JGLUE)
1 Stressfree nitCont{ICOORD)
[1Delayed Slide Off(ICOORD)

Select: [Node To Segment ~ |
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GROUNDING EXAMPLE 1

- Faceted face glued contact

- Overlaps exist between the two contacting shell bodies

shell thickness shown

GROUNDCHECK results with IGLUE=1

»x% [SER INFORMATION MESSAGE 7570 (GEWG1D)

RESULTS OF RIGID BODY CHECES OF MATRIX KNH (H-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIREECTIONS AGAINST THE LIMIT OF 5.907310E-03
DIRECTION STRAIN ENERGY FPASS-FATL
1 1.183101E-07 PASS

.440489E-08 P&SS
214191F-08 FASS

6

£

2.752106E+05 FATL
5 2.920973E+05 FATL

1.679817E+06 FATL




GROUNDING EXAMPLE 2

- Faceted edge glued contact

- Gaps exist between the two contacting shell bodies

*xx [JSER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKES OF MATRIX KHH {H-SET)} FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.8383164E-03
DIRECTION STRAIN ENERGY PASS-FAIL
.959999E-082
.07396%9E-08 PASS
JEO0909E_08 FPASE

f
e
4 GAp300E+04 FA
5 8. 072802E+03 FAIL
5. 370905E+04 FAIL
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GROUNDING TEST MODEL - IGLUE =1

- This model has a gap between the two shell bodies
— 0.1807/2 + 0.1507/2 = 0.165”
— 0.200" - 0.165" = 0.03%”
— Contact tolerance is 0.0359”

— As contact tolerance is greater than the gap,
nodes will find contact and be glued

Slave fine mesh (0.180” thV
| /
) N Y 0.200”
0.165" i

Master coarse mesh (0.150” thick)

MSGC ASoftware




TEST MODEL - IGLUE =1

 Glued contact MPCs shown in Patran

- Grounding check shows the model is grounded

DIRECTION

##x [JSER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKS OF MATRIX KHHN
FRINT RESULTS IN ALL SIX DIRECTIONS AGATIHNST THE LIMIT OF

{N-SET) FOLLOW:

STRAIN EHERGY PASS-FAIL
9.822543E-11 FASS
7.821654E-10 PASS
T = I e e s s | PALSS
1.823675E+03 FAID
6.123739E+02 FAIL
L LR vl PASS

2.699252E-04
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TEST MODEL - IGLUE =1

- Perform a free-free modal check
— Run a Normal Modes analysis with all boundary conditions removed
— The model does not have 6 clean rigid body modes

REAL EIGENVALTES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NHO. CORDER MASS STIFFHESS
1 1 -2.316665E-08 1.522059E-04 2.422433E-05 1.000000E+00 —-2.316665E-08
2 2 3.419700E-09 5.847820E-05 9. 307095E-06 1.000000E+00 3.419700E-09
3 3 £.968504E-09 8.287644E-05 1.319019E-05 1.000000E+00 £.868504E-09
4 4 9.8995302FE-09 9. 947501 3E-05 1.583196E-05 1.000000E+00 9.895302E-09
CE_ 5 2.384104E+03 4 882729E+01 7.771105E+00 1. 000000E+00 2.384104E4+03
3 7. 225346E403 8. 500204E4+01 1.352849E401 1.000000E+00 7.225346E4+03
7 7 7o e29240E405 g, /3455 5E+02 1. 390147E+02 1.000000E+00 7.B29242E405
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TEST MODEL —_ IGLUE — 2 Load/Boundary Conditions | Input Data
28 i

Geometric Contact Parameters:

- Slave nodes will not be projected onto master Property SetName: &
I
surface =

« Turn on Retain Gaps/Overlaps option

Distance Tolerance(ERROR)

* No grounding
Bias Factor(BIAS)

09

~ Interference Closure(CINTERF)
0.0

-
0.0

Hard-5oft Ratio (HARDS)
20

Glued Contact(IGLUE)

Retain Gaps/Overlaps(IGLUE)
[1Retain Moment{IGLUE)

1 Allow Separation(JGLUE)
ClStressfree InitCont(ICOORD)
[1Delayed Slide Off(ICOORD)

Select: [Node To Segment ~ |
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USING STRESS-FREE INITIAL CONTACT

- If stress-free initial contact (ICOORD=1) is
used, no grounding

Load/Boundary Conditions | Input Data

Geometric Contact Parameters:

- The user needs to be aware that the model operty et e, B
geometry has changed during initial contact glue
d ete cti on Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

- 0.0

Hard-Soft Ratio (HARDS)
20

Glued Contact{iIGLUE)
[IRetain Gaps/Overlaps(IGLUE)
CIRetain Moment(IGLUE)
ClAllow Separation(JGLUE)
| Stressfree InitCont(ICOORDY |
[1Delayed Slide OffICOORD)

Select: [Node To Segment ~ |
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GROUNDING - ANGLE AND TEE CLIPS

- A special case of grounding involves Angle or Tee shear clips,
with or without mouse holes

 When the faces of the flanges are glued to the skin beneath,
grounding issues and missing contact detection can occur at the
junction of the clip flange and web

- Solution is to not include the web in the contact body created,
only use the flange

Angle clip Tee clip

MSGC ASoftware



GROUNDING - ANGLE AND TEE CLIPS

« Recommended practice
— Do not create a contact body which contains both the web and flanges, i.e.,
avoid corners and junctions in a contact body
— When corners or junctions are included in a contact body, the contact
detection behavior can be unexpected

Contact body

Contact body
Recommended

Tee Clip example

MSGC ASoftware



WORKSHOP 5 - CONTACT PAIRS

 Workshop Objectives
— Include a fine mesh locally in a coarser-meshed model.

— Use Patran’s Automatic Contact Body and Body Pair detection
to detect and create multiple contact bodies.

— Use the Distance Tolerance (ERROR) to achieve glued contact
between bodies with gaps.

MSGC ASoftware



OVERVIEW

Special Features

— Contact with Shells

MSGC



CONTACT DETECTION FOR SHELLS

- Shells can have contact at their bottom, top, and mid-plane
— By default, contact is checked for top and bottom
— Patran allows user specification, see next page

* In order to define other scenarios the parameter, COPT is
introduced

- This parameter has additional functions (see following pages). In
the future it will define which different element classes contribute
to one single BCBODY

— At this time a BCBODY may consist only of one element class, for example
quadratic shells
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CONTACT DETECTION FOR SHELLS

- Patran allows specification of what shell surface should be
considered for contact

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

£ o 4 | 7 = |

Displacement [ Force | Temperature | Velocity | Acceleration | Crack(VCCT) | Element I Element || Contact||| Create Initial LBC | Create LBC
Constraint |Uniform =| Variable odies =|| Body Pair iCondiriDms - !A.ctians =|| Load Case ||Fields 'i
| | Load Cases |

Modal | H || || Body Pairs

==

Load/Boundary Conditions | Input Data

_‘ Contact
—_— | Options

Object Body2iSlave: Body1/Master:
Type: Sold Element Contact Options:

Current Load Case:

3]

Action

Include Duiside Include Outside

Defaul.. ]
Rigid/Shell Element Options:
Type: Static
Include Quiside Include Outside
Check Layers: Check Layers:
Existing Sets B

[TDDIBDﬂDm ‘J [Tupn’BDttDm ‘]

[1ignore Thickness [ lgnore Thickness

Edges Contact Options:

Include Edges Include Edges

Check For. Check For:
{Beawﬂar e ] lBeﬂmear hd ]

News Set Hame
contact_pair_1
/7 [Lok | [Defauts | [ cancel
I [ Input Data... II
[ Select Application Region... J
-
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CURRENT LIMITATIONS

« Composite Layup Offset

— MSC Nastran currently does not look at the Z0 definition in PCOMP and
PCOMPG when doing contact search

— It assumes the layup is centered about the grid plane
— ZOFFS on the CQUADA4/8 entry is supported




SHELL CONTACT ANALYSIS EXAMPLES

- Shell and beam contact examples

Edge-to-edge contact Face to face contact

NAS400, Section 4, January 2015

Copyright© 2015 MSC.Software Corporation o414l

MSGC




SHELL CONTACT ANALYSIS EXAMPLES

|
)
A
i

At
A

L

A

i

-Face

-to

Shell Edge

Face-to-Face

Shell Edge-to-edge

Shell Face-to-Face

MSaSoftware'

S4 - 144

Copyright© 2015 MSC.Software Corporation

NAS400, Section 4, January 2015



SHELL CONTACT ANALYSIS EXAMPLES

- Shell Contact Analysis can be explained well by reviewing a
series of Case studies

- The following page will introduce you to a live demo of Edge to
Edge contact

- More examples of Shell contact can be found in Appendix D
— Shell Face-to-Face Touching Contact
— Curved Shell Face-to-Face Touching Contact
— Shell Edge-to-Face Glued Contact
— Defining Contact With Tees & Clips

MSGC



CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT
* Meeting in the middle

Play Case study video:
NAS133 S7 cs edge to edge




CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

* The contact bodies are located in the same plane, with the same
thickness

Shell thickness display

MSGC ASoftware



CASE STUDY 4: SHELL EDGE-TO-EDGE GLUED CONTACT

- Edge-to-Edge Contact

— Ignore shell thickness for both bodies - simply glue the mid-planes of the
shell bodies together (don’t try to detect corner-to-corner contact)

Load/Boundary Conditions : Input Data |

Body2/Slave: Body1/Master:

Solid Element Contact Options:

Include Outside Include Qutside

Rigid/Shell Element Options:

Include Outside Include Outside

Check Layers: Check Layers:
ITDna'Eluﬂum X J ITum'Buﬂum ol J

lgnore Thickness [“Jjgnore Thickness

Include Edges Include Edges

Check For: Check For:
[Eearrn'Bar 2 I [B&amrﬂar b ]
i Ok i I Defaulis ] [ Cancel Ii
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CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

« Wait jUSt a Moment! | LosdBoundary Conditns | 020102t |
— Turn on moment carrying
capability to enable the glued e

Property Set Name:

joint to transfer moments dummy_geon 5rop

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.89999993

Interference Closure(CINTERF)
0.

Hard-3oft Ratio (HARDS)
2.

Glued Contact(IGLUE)
[[] Retain Gaps/Overlaps(IGLUE)
Retain Moment(IGLUE)
[] Allow Separation(JGLUE)

|:| Stressfree InitCont(ICOORD)

[ Delayed Slide OFf(ICOORD)

Select; INude To Segment >

Contact Detection(ISEARCH)
@ Automatic

) Single Sided

() Double Sided

i Ok i [Defaults] [Cancel]

MSGC ASoftware



CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

« Plot the deformed shape
— The two plates appear to deform as one assembly

MSGC ASoftware



CASE STUDY: SHELL EDGE-TO-EDGE CONTACT

- Plot the Contact Status
— 0O indicates a retained node (master)
— 1 indicates a tied node (slave)

MSGC



OVERVIEW

Special Features

— Friction
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FRICTION

* Friction is a complex physical phenomena that is dependent on
surface roughness, temperature, normal stress, and relative
velocity

- Bodies in contact that move tangentially to each other will
develop shear stresses at their interface - these stresses are due

to friction

 If the stresses reach a critical value the bodies will slip and move
relative to each other

- As long as the stresses remain below this critical value, the
bodies are in “stick” status
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FRICTION

 Two friction models, Bilinear Coulomb and Bilinear Shear, are
supported in MSC Nastran

* Friction causes additional iterations in nonlinear analysis and
usually leads to longer runtime

* Friction may make model more stable by preventing contact body
free motion (such as free rotation of a pre-stressed bolt) and
therefore improve convergence
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COULOMB FRICTION

« The critical value when slipping starts to occur usually depends
on the contact stress o,

° Gysiip = "M O, t, With u as the friction coefficient and t as the slip
direction

Friction o,

Gt,slip -

A Step function behavior

slip y
« This friction model is called Coulomb Friction

- The step function is discontinuous since the status is either stick
or slip
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BILINEAR COULOMB FRICTION

« Since stick means infinite stiffness, a bilinear function is applied
to avoid numerical difficulties

* The bilinear model assumes stick and slip conditions correspond
to reversible (elastic) and permanent (plastic) relative
displacements

Friction o, f,

Gt,slip’ 1:t,slip -

0 slip vy, u,

o = slip threshold
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BILINEAR COULOMB FRICTION

- The calculation proceeds as follows

— As for elastic-plastic material, the rate of the relative tangential displacement
is split into an elastic (stick) and a plastic part (slip)

u =u;’+u’
— The slip criteria is defined as:

¢ =|f|-nf, : é<0(stick),¢=0(slip)

— The rate of change of friction force vector is related to the elastic tangential
displacement by

f, = Di; = D(u,—u, )
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BILINEAR COULOMB FRICTION

- With these assumptions, the rate of the resulting friction force
can be expressed as:

oy (do) !
| Parler) P| . .
f = |D- T, u, = (D-D )u,

or) Dot

N\

non-symmetric, but
symmetrized
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BILINEAR COULOMB FRICTION

« The Coulomb friction model may not correlate well with
experiment if the frictional tractions exceed the flow stress or
failure stress of the material

Linear Coulomb Model

u

Observed Behavior

-

- Therefore, the user may define a friction stress limit o, ., FRLIM
on the BCONPRP entry, so that the maximum friction stress will
be o

Friction Stress Limit

i S —

min(/,tan, O-t’ limit) [

P*O- n
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BILINEAR SHEAR FRICTION

« The second friction model available in MSC Nastran is the Shear
Friction Model

- In this model the friction stress is a fraction of the equivalent
stress O in the material

o .. .. O o
|0'r| < mT (stick) and 6, = —m— -t (slip)
3 3

m is the friction factor

- Similar to Coulomb friction, the bilinear model is adapted and the
shear stress due to friction is limited by

: o)
GI — F??IH(F??G I?’I—)

n’ =
3
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FRICTION INPUT

The Input parameters for friction are:

NO friction, FTYPE=0. Default.

Coulomb Friction, FTYPE=6 in BCPARA

Shear Friction, FTYPE=7 in BCPARA

Friction coefficient, FRIC in BCBODY or BCONPRP (preferred)
Friction stress limit, FRLIM in BCONPRP

Slip threshold ¢ is input in BCPARA as

RVCNST for node to segment contact. Its default is 0.0025 times the average

edge length of the elements defining the deformable contact bodies.

STKSLP for segment to segment contact. Its default is 0.0 for the maximum

sticking displacement to be taken.
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SETUP FRICTION IN PATRAN

 Friction is not taken into account by default

- User needs to do two things to activate friction effect
— Enter friction coefficient
— Select friction model

 Friction coefficient can be defined in the contact body or the
contact pair

* It is preferable to enter friction coefficient for the contact pair
since friction is between contact bodies

MSGC



SETUP FRICTION IN PATRAN

Home  Geomel Propertie: Loads/BCs Meshing  Analysis Results Durahility
Ix —re -bi b ‘X. 7] lx @? -v‘ r',,., HH Ej || | ) N = _ (e | s || 2= | 11- ||| |
"8 ||| =L \i5| |£I| x| i |||
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total 7 Deformable] Rigid | Color Code Create =
Constraint Load Load Load Load ] Bodies Body Pair QLY.L O]
MNodal Elernent Unifarm Element Va... Contact Bodies Body Pairs | |Initial |LO&d.I'BOUﬂd8W Condltlons |

| Load/Boundary Conditions | Input Data | |

- - - Object:
« If friction is entered through Frcion Coaficien () |

the contact body definition, '
the friction coefficient for a o, |
contact pair is determined by

— Average value for deformable- e il ke :
DEFORM 4

deformable contact DEFORMS

— Value of the rigid body for
deformable-rigid contact

Define: |Analytic Contact ~

Define Boundary

Boundary Typ e:

New Set Name

Friction coefficient can be e _
o e 0 Target Element Type:
entered when defining S —
individual contact body I ool Daia. ]
[ Select Application Region... ]
[ Contact Options... J el
I OK ] I Reset | iv_?:
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SETUP FRICTION IN PATRAN

Loads/BCs Meshing Analysis Results Durability
» ¥ | & E &) 2% |V | o WHES IR ST <R R
- N B e |
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable | Rigid | Color Code Create
Load Load Load | | Bodies Body Pair
Modal Element Uniform Element Va... Contact Bodies Body Pairs | |Init

* Friction coefficient between a
contact pair can be entered in

the physical contact
parameters form

Physical Contact Parameters:

Property Set Name: B
| interference

Select: |Structural ~

Friction Coefficient(FRIC)
0.3

Fric Stress Limit (FRLIM)
1E+020

'Load/Boundary Conditions | Input Data |

"
MMW i

]

Load/Boundary Conditions |
Action
Object:
Type:  [Element Uniform ~ |

Current Load Case:

Default_.

Type: Static

Existing Sets 2

New Set Name
interference

{ Input Data._..

[ Select Application Region...

J

-Apply-

.ri.oavd," Boundary Conditions x

(o]

[
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SETUP FRICTION IN PATRAN

« Friction model is defined under Analysis / Solution Type /

Solution Parameters / Contact Parameters / Friction

Friction Parameters for Contact Analysis

Type: I MNone
Sh
Coulomb R N
hdathiod Coulomb

Shear for Rolling
Coulomb for Rolling

Heat Generation Conversion Factor: | 1

| 0K | | Defauts |

[Slip Thresh Stick-Slip
Bilinear M | Bilinear Shear ,
Transition A ¥ Bilinear Coulomb 5
1.05
Friction Force Tolerance: 0.05

0

.  Cancel

Only Bilinear
Coulomb and Bilinear

Shear models are
supported in solutions
101 and 400.

MSGC



SETUP FRICTION IN PATRAN

 Friction model uses an additional check on the convergence of

the friction forces

- The convergence criterion is based on relative friction force. The
default convergence tolerance is 0.05

(LA
El

Friction Parameters for Contact Analysis

Type: IBilinear Coulomb  ~|

Coulomb Friction Models
| Modal Force ~

[Slip Threshaold]: 00
Bilinear Model
T Redi 1e-006
1.05
Friction Force Tolerance: 0.05

Heat Generation Conversion Factor: | 1.0

OK | | Defauts | | Cancel
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BOLTED PLATE

- Two plates connected by a bolt

CASE STUDY

« Pressure on top plate and fixed bottom plate
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Play Case study video

NAS133 S8 cs bolted

_plate
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CASE STUDY: BOLTED PLATE

 Create 3 contact bodies
T P Eran 201 B BE e — o)

i File Group Viewport Viewing Display Preferences Tools Help Utilities j}‘\

Home  Geometry  Propeties | Loads/BCs | Meshing  Analysis  Results  Durability

X £, X r # L m || 39 A ENESIES 1S
e i A oo A S e e - G561 F10 il D0
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total e Deformable| Rigid | Color Code || Create - reate =
Constraint Load Load Load Load || #] Bodies || Body Pair €] |%| Lond Case ||| 58| 3|
Nodal Element Uniform Element Va.. Contact Bodies Body Pairs| |Initial Co... | LEC Acti...||Load Cases||LEC Fields
DEo M &~
‘EI Bolted plate.db = default Viewport = cdb_1bolt = Group o g
1balt Loadt‘Bour‘pdaryConds!ionS| e
Acton el
3bot Object: =
Type: Element Uniform ¥ =
®
Option:  |Deformable Body ~ =
Current Load Case: u
pressure... ||
. i x
Type: Static —
Ype: o
kst
Existing Sets B
1bolt
2top
3bot
New Set Name
v \
Target Element Type:
L [ Input Data... Il
\ L il

NAS400, Section 4, January 2015
Copyright© 2015 MSC.Software Corporation o4 168 MSC



CASE STUDY: BOLTED PLATE

S
-rloadf Boundary Conditions X

Loads/BCs Meshing Analysis Results Durability
Y, y | ¥ || @ |
SRR TR TN AR TR - T SR e
- N = e ]
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable | Rigid | Color Code Create
Load Load Load Load | 2 | Bodies Body Pair
Modal Element Uniform Element Va... Contact Bodies Body Pairs | |Init

Load/Boundary Conditions |

Action:
Object:
Option'  [Body Pair 7|

]

Type:

Pa Reg

- Define 3 contact pairs ot AopAcaton Reston
— Bolt and top plate

— Bolt and bottom plate

Mode:  [Existing Bodies ~ |

Body1/Master/Touched gen

lutalid
[

— Top plate and bottom plate

Body1 Name:
EtDp

] Self Contact

Body2/Slave/Touching gen|

Body2 Name:
|3hat

| < I [

Current Load Case:
pressure... ]

Static

Type:

Existing Sets

‘bolt-bot
|bolt-top

New Set Name
| top-bot

[ Input Data... ]

|_Seleci Application Region... _|

-Apply-

MSGC ASoftware



CASE STUDY: BOLTED PLATE

| Load/Boundary Conditions | Input Data |

Loads/BCs Meshing Analysis Results Durability
2 - : : } Ay
|45 g x @@ =4 r.. 4 | j [ || | %
» ¥ 2| & (R AR ES D =« Ll LA R °3
|78 || =]
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable | Rigid | Color Code
Load Load Load Load [~ Bodies
Modal Element Uniform Element Va... Contact Bodies
3]
,ﬁ Data

- Enter geometric and physical
contact parameters

— Use default geometric

parameters

— Set friction coefficient to 0.3

The bolt and the
top plate are free
to rotate about z-

axis and the model
is unstable without
friction

Load.’Buundafy Conditions | Input Data |

Physical Contact Parameters:

Property Set Name:
| bolt

Select' |Structural ~

Friction Coefficient(FRIC)
0.3

Fric Stress Limit (FRLIM)
1E+020

=

Geomelric Contact Parameters:

Property Set Name: B

[ bott
Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.9

Interference Closure{CINTERF)
0.0

Hard-Soft Ratio (HARDS)

|20

O Glued Contact{IGLUE)

[ Stressfree InitCont(ICOORD)
[ Delayed Slide OffICOORD)

Select: |Node To Segment ~

Contact Detection(ISEARCH)

O Automatic

O Single Sided

® Double Sided

oK | [Defauris ] [ Cancel

|~

M

MSGC

Software



CASE STUDY: BOLTED PLATE

« Select Bilinear Coulomb friction model

Access Results

UELI G|

g

B
EA

Output2 | Static Solution Parameters

Database Run

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
B, 1 7B 1Y b
I bt Y it T T e 5 o VS A R W
Entire || Selected | Load Analysis Read | Submit "“@‘ | "HE” XDB | Output2 | MASTER/ | Attach
Model | Group | SimXpert || Deck g i DBALL
Analyze Create Existing Deck Optimize | [Toptomize)
D@ LR~
T

[ 1Cyclic Symmetry

CONTACT Control Parameters

Friction Parameters for Contact Analysis

‘Iethod: Node to Segment ™

le-Deformable Method:
ISided O Single-Sided

Type: None
CouombF @
od Coulomb

o
Shear for Rolling
Coulomb for Rolling
Stick-Slip

Bilinear Shear

[Slip Thresh

Bilinear M
Tra o ¥ Bilinear Coulomb

le Constraint Equations

utomatic Constraints
ertia Relief

7 hiternate Reduction
OL 600 Run

OL 700 Run

Bl Normal Tol. Angle =

Iss Calculation:

N

Friction Force Tolerance:

Heat Generation Conversion Factor:

Lok ] |

Defaults J

Lumped ~

Contact Detection... ] a Deck Echor
\\ Separation... } lte Rz Stiffness Factor = 7000
N s
L Blicion.. J imum Printed Lines =
p imum Run Time =
| [intact Parameters | Mass Conversion = 1.0
Initial Contact e i.d. for Wt Gener. =
ault Initial Temperature =
ault Load Temperature =
Cancel | e id Element Type: LINEAR ¥
ememeon Check: '3

Other Parameters
[JReduce Printout of Surface Definition

‘[\ Contact Parameters...

[ Fatigue Parameters...

L Results Output Format...

|

OK | | Defauts | [

Cancel |

nalysis | Solution Type |
MSC Nastran
Bolution Type

Solution Type:

@ LINEAR STATIC
CNONLINEAR STATIC

O MNORMAL MODES

O BUCKLING

O COMPLEX EIGENVALUE
O FREQUENCY RESPONSE
O TRANSIENT RESPONSE
O MONLINEAR TRANSIENT
O IMPLICIT NONLINEAR

O DDAM Solution

[ Select ASET/QSET .

J

OK | [ Defauts | [

Cancel

IJ L

Solution Parameters.

Solution Sequence: 101

ok | [ cancl

J

| Analysis |

Action s
Object:  |Entire Model ~

Method:  |Full Run ~

Code: MSC Nastran

Type:  Structural

Available Jobs C
|bolted_plate

Job Name
bolted_plate
Job Descriplion (TITLE)

MSC Nastran job created at
18:00:13

SUBTITLE

LABEL

[ \ Translation Parameters. ..
\

\ Solution Type. ..

Direct Text Inpuit...

Subcases...

[
[
I Select Superelements...
l
[

Subcase Select ..

Apply -

MSGC ASoftware




CASE STUDY: BOLTED PLATE

* Plot contact friction force

Deftorm: SC1:PRESSURE, A1:Static Subcase, Displacements, Tr.

Max 6.57+001 @Nd 7373
Min 0. @Nd 8789

Max 3.54-001 (@MNd 3000

B.£7+001
6.13+001¢
5.69+001—
5.26+001—
4.82+001—
4.38+001—
3.94+001—
3.50+001
3.0?+001I
2.63+001
2.19+001—
1.75+001
1.31+001
8.76+00I
4.38+00
0,

default_Fringe :

default_Deformation :
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OVERVIEW

Convergence and Controls with contact

MSGC



CONVERGENCE AND CONTROL WHEN USING CONTACT

« Review of Nonlinear Solution Concepts
« Guidelines for contact

- What to do if non-convergence

MSC A Software



SOLUTION OF CONTACT ANALYSIS

- Contact simulations are nonlinear in nature due to the potential
for intermittent contact

- As such, iterative solution techniques are required that are only
considered ‘successful’ if they achieve ‘convergence’

« There will be a chance of FAILED solutions

MSGC ASoftware



ACHIEVING CONVERGED SOLUTIONS

- Follow general guidelines presented here to reduce chances of
failure

- Confirm convergence (look in .f06 file)
— Just because a job completes does not mean the results are ‘good’

— Cases where completed solutions are not ‘converged’ solutions
« Convergence specifications too high
« User override of abort logic forcing solution to continue

MSGC



ACHIEVING CONVERGED SOLUTIONS

If non-convergence:

— Review the results that you have

— Request intermediate results

— Add additional output requests as necessary

— Consider running without contact — if the problem still doesn’t run, then

contact is likely not the problem (inadequate boundary conditions?)

Adjust as necessary based on the above output

MSGC



CONTACT GUIDELINES

 When defining a deformable contact body, avoid selecting only a
subset of elements:

Limited number of
elements defined in
contact body

dhehl 8

Firarirsr )
oo

\ﬁ\‘k\
)

Local normal vector to
the outer boundary may
be completely wrong

NAS400, Section 4, January 2015 ,
Copyright© 2015 MSC.Software Corporation Shere MSC 2 -SOftwa're



CONTACT GUIDELINES

For contact problems, use the iteration methods FNT or PFNT

— CONV test flags available:
» U = Displacement error
* P = Load equilibrium error
W = Work error
* V = Vector Component method
» A = Auto switch

For contact problems with friction, use CONV test flags UPW
For contact problems without friction, use CONV test flags PV

When there are no external loads (for example, spring back), PV
checking may not work well. Switch to UV or use PVA for Auto
Switch.

When there are no displacements (such as in thermal expansion),
the UV checking will not work effectively. Switch to PV or use
UVA.

Avoid higher order shells (QUADS8) with contact

MSC A Software



CONTACT GUIDELINES

- The sizes of the contact tolerances D1 and D2 have a significant
impact on the computational costs and the accuracy of the
solution

- Contact tolerances too small:

— Detection of contact is difficult, leading to higher costs. Initial contact might
not be found.

- Contact tolerance too large:

— Nodes are considered in contact prematurely, resulting in a loss of accuracy
— Nodes might “penetrate” the surface by a large amount

MSC A Software



DISTANCE TOLERANCES

Measured normal to the contacted body
Input on BCPARA,0,ERROR, .005 or BCONPRG

BCONPRG

BCGPID

PARAM1

VAL1

PARAM2

VAL2

PARAMS3

VAL3

PARAM4

VAL4

PARAMS

VALS

-etc.-

Example

BCONPRG

90

ERROR

.005

By default, ERROR is evaluated from:
— 1,0 x “smallest element edge” for continuum elements within each contact

pair

— 1/, x “smallest thickness* for beam and shell elements within each contact

pair

By default, BIAS is 0.9

MSGC



CONTACT GUIDELINES

- Set BIAS to 0.99 for frictional problems to get improved results.
* For shell contact set BIAS to 0.95.

« Use the default for the contact zone tolerance ERROR
— Default is 0.0 or blank

- Use slave to master contact, single search, with

— The softer body as slave, for example, rubber should be slave and steel
should be master

— The finer meshed body defined as slave

MSC A Software



CONTACT GUIDELINES

Refine the mesh in the area of contact
— Coarse meshes can produce single point contact and promote instability

Consider smoothing the surfaces in contact. For example, insert a
radius instead of a sharp corner for corner contact. If not possible
then:

— define the body with sharp corners as slave body
— increase ANG2D / ANG3D
— set ICOORD to 2 (delay sliding off)

Use analytic contact (IDSPL in BCBODY)
— Advanced topic beyond scope of this course

Run without friction if possible
— May not be possible if friction is required for problem stability

MSC A Software



CONTACT GUIDELINES

- Confirm rigid body normals face away from the deformable body —
otherwise the code may not detect contact

Incorrect normal

The rigid body
normal should point

away from the
deformable body to
be contacted

Correct normal

- Contact can be lost or not found because of too large a load
increment

- Analytical surface definition may be incorrect and causing
“bulbous” corner/edge contact surfaces

MSC A Software



CONTACT GUIDELINES

- Review and reconcile any initial contact over-closures and
openings

 If nodes are modeled behind the contact zone, they will not be
found

 If nodes move behind the contact zone during the analysis, the
increment will be recycled with modified increment size

MSC A Software



CONTACT GUIDELINES

 Use BCPARA,0,NLGLUE,1 in SOLs 101/400:
— When some bodies are glued and others are not
— Bodies are ultimately glued but there is no initial contact

 If using Glued Contact and ICOORD: Make sure that the resulting
elements will not be distorted too much

— - E _ ‘ 2 ‘
Riiziﬁgé /- 37*::“{_—_—-"%{/ N\
------- e e e e e e e
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CONVERGENCE DIFFICULTIES

- Before embarking on a thorough investigation of why the contact
behavior is not converging, confirm that the contacts are in fact
the problem by running without contact activated — define a
contact table with no pairs active

- Additional boundary conditions may be necessary to prevent
rigid body motion if the contacts were providing support of some
kind

MSGC ASoftware



CONVERGENCE DIFFICULTIES

- |If contacts have been identified as the source of the non-
convergence

— Review output
« Output files (.f06, .sts)
» Results files (.xdb, .MASTER/.DBALL, .0p2)

— Request additional diagnostic output to .f06
— Request intermediate steps to results files

The Contact Output
section of this course

covers these topics in
detail

MSGC ASoftware



CONVERGENCE DIFFICULTIES

- Options to consider
— Smaller timesteps
 reduces numerical ‘effort’ for any single increment
— Increase separation force
» must check results carefully to see if the results are ‘good’

— Adjust distance tolerance (typically increase) and bias (typically move closer
to1.)

MSGC ASoftware



CONVERGENCE DIFFICULTIES

- Options to consider

— In extreme cases try running with all contacts GLUED and then run
additional test runs releasing (make TOUCH) one contact at a time to see if
the offender can be isolated

MSGC ASoftware



NONLINEAR CONTROL

- Control of MSC Nastran nonlinear solutions is provided primarily

by the MSC Nastran command NLSTEP
« Format: (For SOL 400)

1 2 3 4 5 6 7 8 9 10
NLSTEP ID TOTTIME | CTRLDEF
“GENERAL” [ MAXITER | MINITER | MAXBIS CREEP
“FIXED” NINC NO
‘ADAPT” DTINITF DTMINF | DTMAXF [ NDESIR SFACT INTOUT NSMAX
IDAMP DAMP CRITTID IPHYS LIMTAR RSMALL RBIG
ADJUST MSTEP RB uToL
‘ARCLN” TYPE DTINITFA | MINALR | MAXALR SCALEA | NDESIREA | NSMAXA
‘HEAT” CONVH EPSUH EPSPH EPSWH | KMETHODH [ KSTEPH
MAXQNH MAXLSH | LSTOLH
“‘MECH” CONV EPSU EPSP EPSW KMETHOD KSTEP MRCONV
MAXQN MAXLS LSTOL | FSTRESS
“COUP” HGENPLAS | HGENFRIC
“RCHEAT” SOLVER DRLXCA | ARLXCA | BALENG DAMPC GRVCON | CSGFAC
NRLOOP | OUTLINV | DTIME1

MSGC




NONLINEAR OUTPUT CONTROL

- A *.sts’ status file will automatically be written for each SOL400

job

information summary of job: ./demo 400 nlio std
version: MSC Nastran 2013.0.0, Built on May 30, 2013
date: Mar 26, 2014; Day Time: 13:00:34
subcase inc cycl sepa cut cycl split separ cut rmesh time step
/step # # # # # # # # # # of
1 |--of the inc—|-————- of the analysis----------- |  the inc
1 0 0 0 0 0 0 0 0 0 0.0000E+00
1 1 4 0 0 4 0 0 0 0 1.0000E+00
Job ends with exit number : 0
total wall time: 2.00
total cpu time: 1.47

exit DEFINITION -----
= 0 Jjob terminates normally
= 1 Jjob terminates abnormally (check Fatal Error Message in F06)

total time
of
the job
0.0000E+00
1.0000E+00

wall time

cpu time

1
1

.40
.44

max resp.

0.0000E+00 disp
-1.5486E+02 disp

type

 Further information can be found in the .f06 file
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NONLINEAR OUTPUT CONTROL

INON-LINEAR ITERATTION

SOLUTION

CONTROTL

PARAMETERS

LOOP CONTROLS FOR : SUBCASE i, STEP i, SUBSTEP 0
SOLUTION CONTROL PARAMETERS FROM : NLSTEP ID : 1
Total Time of Loading Case (TOTTIME) 1.00E+00
Maximum Number of Iterations (MAXITER) 10
Minimum Number of Iterations (MINITER) 1
Maximum Number of Bisection (MAXBIS) 10
Creep Option (CREEP) .......c.ieeeieeenennn 0
Number of Fixed Increments (NINC) ....... 1
Interval of Output (NO) ................. il Standard -f06 OUtPUt
Convergence Criteria (CONV) ............. P Vv
- Displacement (EPSU) ...... -1.00E-01
Tolerance - Residual Force (EPSP) ...... 1.00E-03
- Work (EPSW) ...... 1.00E-01
Option of Rotations and Moments (MRCONV) . 3
Matrix Update Option (KMETHOD) .......... PENT
Matrix Update Increment (KSTEP) ......... 1
Maximum Quasi-Newton Vectors (MAXQN) 0
Maximum Line Searches (MAXLS) ........... 0
Line Search Tolerance (LSTOL) ........... 5.00E-01
Error Tolerance in YF (FSTRESS) ......... 2.00E-01
*** UJSER INFORMATION MESSAGE 6204 (NL3EMA)
0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.
$1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1
$1.00000E+00 1 2 9.33E-02 1.62E+00 8.19E+02 0.060 O 1 0 2.41E+03 3.233E+06 1.13E+01 -1.558E+02 62 1.000 O 1 2
$1.00000E+00 1 3 5.83E-03 1.66E-01 2.07E-02 0.063 O 1 0 1.60E+00 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 2 3
$1.00000E+00 1 4 3.07E-06 7.29E-07 8.63E-03 0.093 O 1 0 2.71E-05 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 3 4
*** JOB CONVERGES FOR THE CURRENT STEP.
*** SUBCASE 1 STEP 1 IS COMPLETED.
MSC A Software




NONLINEAR OUTPUT CONTROL

- LOAD STEP
— step number minus 1 plus fraction of step, i.e. 0.08 = 8% of first step

NO. INC

— increment number

ITR
— iteration number

DISP LOAD WORK

— displacement, load and energy errors, must be smaller than the tolerances
EPSU, EPSP and EPSW

« CONV RATE
— should be between 0 and 1, bigger than 1 means, the solution will never
converge
LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG mry 0 === = = DIfR = = = = = = LINE S NO. TOT TOT
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR
%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1

MSGC ASoftware



NONLINEAR OUTPUT CONTROL

 ITRDIV
— divergence counter, > MAXDIV triggers the divergence process

- MAT DIV
— divergence counter for element and material routines

« NO. BIS
— number of bisections

- AVG R _FORCE
— average residual force (forces and moments); should be small

« TOTL WORK
— approximate total work

 DISPLACEMENTS: AVG MAX AT GRID C
— average, maximum displacement at grid in direction c

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG monL 0 = = = = = DIJP = = = = = =

%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0

LINE S NO. TOT TOT
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR

1

MSGC

Software



NONLINEAR OUTPUT CONTROL

« LINE_S: FACT NO

— line search factor a and number of line searches

« NO. QNV

— number of Quasi Newton Vectors

- TOT KUD/ITR

— total of stiffness updates / iterations

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG monL 0 = = = = = DISP
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX

%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1

1

0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02

—————— LINE S NO. TOT TOT
AT GRID C FACT NO QNV KUD ITR

62 1.000 O

0

1
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NONLINEAR OUTPUT CONTROL

« Case Control command NLOPRM is also available

 Format
NLOPRM = [OUTCTRL = {STD.SOLUTION,INTERM}]
i (NONE 17
NLDBG = N3DBAS |
NLBASIC.NRDBG.ADVDBG.< N3DMED
N3DADV
i r NONE 14
LTIME NONE
DBGPOST = | LSTEP |, | MPCPCH = { BEGN.OTIME,.STEP
LSUBC TBEGN.YOTIME.YSTEP
L - ALL, 2]
- Examples
NLOPRM OUTCTRL=STD, SOLUTION DBGPOST=LTIME
NLOPRM OUTCTRL=(SOLUTION, INTERM), MPCPCH=(OTIME, STEP)
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NONLINEAR OUTPUT CONTROL

- Example using Case Control: NLOPRM NLDBG=ADVDBG

*** USER INFORMATION MESSAGE 6204 (NL3EMA)
0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.

maximum residual force at
maximum reaction force at
residual convergence ratio

maximum residual moment at
maximum reaction moment at
residual convergence ratio

node
node
2

node
node
4

maximum displacement change
maximum displacement increment
displacement convergence ratio

maximum rotation change
maximum rotation increment

rotation convergence ratio

1.

6 degree of freedom
1 degree of freedom

.687E+01

5 degree of freedom
1 degree of freedom

.664E-01

at node
at node
1.000E+00

at node
at node
000E+00

strain energy change at this iteration is
strain energy change at this increment is

relative energy error is

%51.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000

6 degree of
6 degree of

6 degree of
degree of

[e)}

6.53309E+06
6.53309E+06
1.00000E+00

freedom
freedom

freedom
freedom

equal
equal

equal
equal

to
to

to
to

equal
equal

equal
equal

.566E+05
.072E+04

.656E+04
.982E+04

to 1.

to 2.
to 2.

.fO6 Output:

First iteration

587E+02

.587E+02

381E-01
381E-01

1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02

6

2

1.00 0O

0 0 1
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BOUTPUT DEFINITION IN PATRAN

)3 (Bl

Optimize | |Toptomize|

Home Geometry Properties Loads/BiCs Meshing
CIPC I e i
— | — s £
Entire | Selected Load Analysis Read | Submit
Maodel | Group | SimKpert Deck

Analyze Create Existing Deck

Analysis

s . T T
~xdb op2 F a’* ﬂﬁ; 'ﬁpral
L L L L L

Results Durability

|

] el

XDE CQutput? | MASTER/ | 116/119 | d3plot e | [ ([ =11
DEALL I
Access Results Delete Actions

SUBCASE NAME: Defaul
SOLUTION SEQUENCE: 101

Element Strains
Grid Point Stresses
!Grn Point Force Balance
| Grid Point Stress Discontinuities
| Element Stress Discontinuities
Contact Resufts

Select Result Type
I Element Strain Energies b]

Output Requests.

DISPLACEMENT(SORT1,REAL)=AIl FEM
STRESS(SORT1,REAL, VONMISES BILIN)=All FEM PARAM,NC
SPCFORCES{SORT1,REAL }=All FEM

BOUTPUT(SORT1 REAL)=All FEM

(& i | (2]

[ Detete J

[CJTme

‘ This is a default subcase.

SUBTITLE

| Default

[JLaBeL

| This load case is the default load case that always appears

| [ pefauns | [ cance

o
A

J

NAS400, Section 4, January 2015
Copyright© 2015 MSC.Software Corporation

Solution Sequence: 101

Action: Create

Available Subcases lE

[oelawt [

Subcase Name
! Default |

Available Load Cases lE

| o ———————————)

Subcase Options

Subcase Parameters... ]

[ Output Requests... |

[ Direct Text Input... |

[ Select Explict WPCs... ]

cocs

S4 - 199

Anahrsis|
Acton: B
Method:

Code: MSC.Nastran

Type: Structural

Available Jobs E

Job Name

! temp

Job Description (TITLE)
MSC.Nastran job created

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcazes...

Subcase Select...

(]

MSGC ASoftware



FUNDAMENTAL CONTROLS IN CONTACT - SUMMARY

- Contact analyses are nonlinear and require a nonlinear solution
 NLSTEP controls all nonlinear behavior
- Smart logic is built into NLSTEP and is a good starting point

- Additional output requests are available by NLOPRM if difficulties
are encountered in gaining convergence

- General guidelines detailed in this section show path to
convergence

MSGC ASoftware



SECTION 5
ADVANCED NONLINEAR MATERIALS

NAS400, Section 5, January 2015

Copyright© 2015 MSC.Software Corporation S0
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OVERVIEW

- Large Strain Elastic-Plastic Material - MATEP
* Nonlinear Elastic Material - MATS1/3/8/ORT

- Advanced Hyperelastic Material - MATHE

« Composite Failure — MATF

- Gasket Material - MATG

« Crack Materials - MCOHE & VCCT

« Creep Material - MATVP

- Table Input for nonlinear materials

 Guidelines and Limitations

MSGC



ADVANCED NONLINEAR MATERIALS

 The Advanced Nonlinear Materials presented in this chapter are
normally invoked through a nonlinear property extension, for
example PSLDN1 for solid elements

 Starting with 2010, the nonlinear property extensions are

automatically added if advanced nonlinear materials are used in a
model

 In addition the use of NLMOPTS Bulk Data Card may be required

when the defaults are not appropriate, for example LRGSTRN=1
for large strain plasticity

MSGC A Software’



LARGE STRAIN ELASTIC-PLASTIC MATERIAL

NAS400, Section 5, January 2015

Copyright© 2015 MSC.Software Corporation S04 MSC ASoftware



UNIAXIAL TEST
 Point 1

— elastic, no plasticity at all gtress‘
— loading = unloading 5, >
* Point 2 o, 5 /
— initial yield stress o, has grown / ’,‘f
due to hardening Oy | / y
— after unloading, plastic o4 / /
deformation remains : ; if
 Point 3 e o
— yield stress has further grown and ! € €3
after unlqading plgstic o v ,{
deformation remains which is €, €,

larger than before \|-’ > >
g’ E.;



TYPICAL STRESS-STRAIN CURVES

9] o]
/ £ €
elastic — perfectly plastic piecewise linear
G c
/ € e
bilinear perfectly or rigid plastic

MSGC A Software’



RULES FOR ELASTIC-PLASTIC BEHAVIOR

- AYield Criterion to determine the yield surface

— von Mises
— Hill metals
— Barlat

— Mohr-Coulomb soil, rock, ice, concrete

- A Hardening Rule for the change of yield stress
— Isotropic
— Kinematic
— Combined

* A Flow Rule for plastic deformation
— Associated flow rule

MSGC



VON MISES YIELD STRESS (1928)

* For isotropic yield

— l 2 2 2 2 2 2
C = 7;,'[(“';;; ~-0,) +(o,-06,) +(o,-0c.) |+ 3(t,, +71,,+71..)
Gs Gg
Yield
Jurace In the deviatoric p plane, Vield
the yield function - Surface
is a circle :
~ _ 3 _d._d
c, © 5911 %
Elastic inei
Region In thg 2D prlnc.;|pall stress .plane, Gf}
the yield function is an ellipse -
MATEP MID YO VMISES
MSGC A Software



HILL’S YIELD FUNCTION (1948)

- for anisotropic yielding:

6 = JF(0,—03) + G0y~ 0)) + H(o, — 0,) + 2L + 2M12, + 2NT5

- with the ratios of actual to isotropic yield:

MSGC A Software’



HILL’S YIELD FUNCTION (CONT.)

- The stress ratios of actual yield stresses in various material
directions to the reference yield stress

_ 3T _ﬁ?ﬁzs _ﬁrgl

y g R33 Y R3l y

o o o

:r.-
Ry = Y Ry =

};3
1?33:},—- ’ Ry,
o

| Yy
FUD }TU”
- where Y, = average (or reference) yield stress in all directions
(to be input as initial yield stress)

MATEP

MID

YO

HILL

ANISO

R11

R22

R33

R12

R23

R31
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HILL’S YIELD FUNCTION (CONT.)

- Experimental data can be easily obtained for the shells or plane
stress case

- Sample of tensile coupon cut from a sheet in the three directions,
a=0’, 45", and 90° is tested to obtain stresses

G = Gy, 045, and oy,

« Similarly, strain ratio is measured in the three directions

Rolling
Directi
g . N Thickness irection
s width Direction 0
T I, D
thickness

Transverse
Direction

MSGC A Software’



HILL’S YIELD FUNCTION (CONT.)

« The yield stress in the third (thickness) direction can be written as

B r90(1 + ro) B rO(l + r90)
ON = Sy — Oy

- The yield stress ratios are then calculated as

MSGC A Software’



BARLAT’S YIELD FUNCTION (1991)

- Planar anisotropic yield, suitable for aluminum alloy sheets. The
yield function reads:

i —111

f =[S, =S,  +[S, =S|  +[S;-8,|" =26

 Si are the principal values of the following tensor, with the
Cauchy stress tensor s:

Cilo,..—-06_.)—-C,lo..—-0G_.)
IVVYxx VY 2\ VYzz XX
: CﬁG:-;}-' C:?sz
o 1 C1(0yy = 057) — C3(0xx — Oyy)
S {:-ﬁﬁx}' B 3 N CﬂrGZ}’
| Cy(0,, = Oyy) — Cyl0,, — G,,)
CsO4x C4GZY 3 )

x,y,z referring to the rolling,

transverse and thickness
direction of the sheet
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BARLAT’S YIELD FUNCTION ( Count. )

Material coefficients Ci represent anisotropic properties and m is

an exponent
Recommended m values are 6 for steel and 8 for aluminum

C1, C2, C3 and C6 have to be defined using four stresses from the
experimental data (C4=C5=1)

When Ci=1, plastic deformation is isotropic

— m=1: Tresca yield function
— m=2 or 4: von Mises yield function

MATEP

MID

YO

BARLAT

ANISO

M

C1

C2

C3

C6

MSGC



MOHR-COULOMB YIELD FUNCTION

* The yield stress is pressure dependent
- Version of Drucker-Prager is implemented

- The function can be linear or parabolic

| Gij
/ l\ I, = lodod
T ) 2 1) ]

Yield Envelope

= 0 f = (37,+ 3Bal)!? -6 = 0

MSGC A Software’



MOHR-COULOMB (CONT.)

* Required input date are ¢, a and 8 which are related to cohesion ¢
and angle of friction ®

—

o

30

linearcase: ¢ = ; = sind
' 1/2° 21172
[3(1 - 1207)] (1-302)
MATEP MID YO LINMOHR
PRESS LIN ALPHA
parabolic case: ;2 _ %( 2 az‘j _ o
7 “\° 3 (3(3c2—a?2))!/2
MATEP MID YO PBLMOHR
PRESS PBL ALPHA BETA
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ISOTROPIC HARDENING

Point 1
— material starts yielding

Points 2 - 3
— hardening and elastic unloading
Points 3-2 -4

— elastic loading followed by new
hardening, yield stress becomes o,

Point 5

— load direction reversed

— material behaves linear elastic until -0, is
being reached

Point 6

— for further negative loading the yield
stress increases

L,_-:'I

MSGC



KINEMATIC HARDENING

- The center of yield moves in the stress space, but the surface
remains the same

— this type of hardening is better suited when cyclic loading occurs

center of yield )
O3

center of yield

MSGC A Software’



COMBINED HARDENING

- This is a combination of isotropic and kinematic hardening which
is also suited for cyclic load

Stress

Initial Combined
Elastic Hardening
Range Range
- e -
- - - - p
- -7
'y
:
i
i, /
Initial r}
Yield—\ y
'
;| One-half Current
¢ Elastic Range
f -
’ -
," - -
L
- Y -
-

Fully Hardened
Pure Kinematic
Range

Strain

After the initial yield, the
material starts hardening
predominantly isotropic

However, isotropic
hardening decays as a
function of the equivalent
plastic strain

After large plastic straining,
the hardening rule becomes
purely kinematic

Applies to the yield
functions of Hill and Barlat

MSGC A Software’



HARDENING INPUT

1 2 3 4 5 6 7 10
MATEP MID TABLE WKHARD
 ISOTROP for isotropic hardening (Default)
- KINEM for kinematic hardening
- COMBINE for combination between kinematic

and isotropic hardening

MSGC



HARDENING - EXAMPLE

* |Isotropic Hardening

BEGIN BULK
PARAM, LGDISP, 1
NLMOPTS, LRGS, 1
S 2 O 4..... B oooooo 6urnnnn. T 8. 9nnn.. 0
MAT1 1 70500 .342 1.
MATEP 1 TABLE 1 ISOTROP
TABLES1 1 2 stress vs. plastic strain table
+ 0 194. .02 230.043 .04 268.496 .06 293.904
+ 08 313.378 329.365 .2 384.423 .3 420.802
+ .4 448.681 .5 471.573 .6 491.14 .7 508.317
+ .8 523.682 537.619 1. 550.399 1.1 562.224
+ 1.2 573.239 1.3 583.564 1.4 593.287 ENDT
MSC A Software



THERMO PLASTICITY

* The stress-strain curve depends on temperature

« The change of stresses reads

. o
= v om : 1 "o I A
with
Jo  do
L... =C...,—|C.. C /D
15kl 1kl ( 1jmn ao—mn aqu qul)
B . . do ( 2-90
by = X —ij— (Cijkla—gkl(%qqu— g‘jﬁj)/D

™~ change of yield stress

X = | El change of elastic moduli
b= 45 dG | 00 c. 1) a,: coefficients of
9 " 9ep doy; Ukl ooy, thermal expansion

MSGC

Software’



THERMO PLASTICITY - INPUT EXAMPLE

BEGIN BULK

PARAM, LGDISP, 1

NLMOPTS, LRGS, 1

Sev... 2 e IC I 4....... 5.0,
MATI1 1 2.0+5 0.3
MATT1 1 7

TABLEM1 7

+ 20.0 2.0+5 1000. 1.65+5
MATEP 1 TABLE

MATTEP 1 1
TABLEST 1*—““’—'_—__—_—__——_*

+ 20.0 20 1000. 1000
TABLES1 20*//* 2

+ 0. 350. 0.01 360.
+ 2.0 500. ENDT

TABLES1 1000 2

+ 0. 330. 0.01 340.
+ 2.0 480. ENDT

TABLES1 1500 2

+ 0. 300. 0.01 310.
+ 2.0 450. ENDT

1500.

1500.

T < I v 0
1.2E-6

temperature

}.dependent

1.5+5 ENDT J Young’s
1500 ENDT
450. 1. 500.
430. 1. 480.
400. 1. 450.
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STRAIN RATE DEPENDENT PLASTICITY

« The yield stress depends on the strain rate

« The change of stresses reads

with

Gij —

Liiki€r = 14

‘1ymn

00

Jdo

25
‘;

mn -

]

S

d0

2P|

Jde

/D

N

c

A

—

M.

change of yield stress due to
equivalent plastic strain rate
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STRAIN RATE DEPENDENCY - EXAMPLE

BEGIN BULK
PARAM, LGDISP, 1 yield stress vs. plastic strain rate
NLMOPTS, LRGS, 1
S A 3. .. 4../0. .. 5. 6 T 8. ... 9. 0
MAT1 1 2.045 0.3
MATEP 1 TARLE 1 ISOTROP
+ REFFECT TARBLE 2 . ]
TABLES] 1 5 stress-strain curve
+ 0. 350. 0.01 360. 0.1 450. 1. 500.
+ 2.0 500. ENDT
TABLES1 2
+ 0. 350. 0.1 400. 1.0 500. 2.0 500.
+ ENDT \

matches initial yield stress

MSGC A Software




CYCLIC PLASTICITY (CHABOCHE)

* The stress-strain curve mutates due to cyclic loading

- Several effects can be observed:

) Wi

hardening

multiple loading ratcheting

~ softening

MSGC A Software’



CYCLIC PLASTICITY (CONT.)

- Material Constants
- Roi b’ Roo) C’ g’ Qov Qm’ m

« Temperature Dependency (combine with MATTEP)

MATEP MID Form YO TID Chaboche H
Chaboche R Ro00r Q b C Y K n
Q, v N
MATTEP MID Form T(YO) T(FID) Chaboche T(H)
Chaboche | T(Ry) | T(R,/Q)| T(b) T(C) T(y) T(K) T(n)
T(Qn) T(w T(n)

MSGC




FLOW RULE

- An associative flow rule is being used
— the flow potential equals the yield surface

— when the material yields, the plastic strain is perpendicular to the yield

surface
flow potential ] . ]
/ G, direction of plastic flow
p_ .. oF oF
|

sort of scale factor
(determines the 0,
amount of plastic strain) _

Elastic

Region F

MSGC A Software’



LARGE STRAIN OPTIONS
« NLMOPTS Bulk Data Card

1 2 3 4 5 6 7 8 9 10
NLMOPTS “CREEP” valc1 valc2 valc3 valc4
“ASSM” vala
“TSHEAR" vals
“LRGSTRN" valle
HEMICUBE value NPIXEL CUTOFF | FRACTION | FACCNT FACTOL
Field Contents
CREEP Keyword indicating that the formulation for creep analysis. (Character Default
. CREEP)
“LRGSTRN" Keyword indicating that the item following applies to a formulation for large strain.
(Default: Integer = 0)
-1 No large strain formulation.
valle 0 Mean normal return.
1 Hypoelasticity and additive plasticity with mean normal return.
2 Hyperelasticity and multiplicative plasticity with radial return.

MSGC A Software’



INITIAL PLASTIC STRAIN

- Plastic strains at the beginning of an analysis
1 2 3 4 5 6 7 8 9 10

IPSTRAIN EID1 EID2 INT1 INTN LAY1 LAYN STRAIN

- Example:

IPSTRAIN 2001 2020 1 4 1 5 0.025
Field Contents
EID] First Element ID to which these strains apply. (Integer = 0)

EID2 Last Element ID to which these strains apply. (Integer; Default = EID1)

INT1 First Integration point for which the strain applies. (Integer = 0; Default = 1)
INTN Last Integration point for which the strain applies. (Integer > 0, Default = 4)
LAY First element layer for which the strain applies. (Integer >0; no Default. Enter zero

or leave blank 1f the model does not contain beams or shells.)

LAYN Last element layer for which the strain applies. (Integer =0; no Default. Enter zero
or leave blank if the model does not contain beams or shells.)

STRAIN Equivalent plastic strain value at start of analysis. (Real; Default is 0.0)

MSGC A Software’



INITIAL STRESS

- Stresses at the beginning of an analysis

1 2 3 4 5 6 7 8 9 10
ISTRESS EID1 EID2 INT1 INTN LAY1 LAYN STRESS1 | STRESS2
STRESS3 | STRESS4 | STRESS5 | STRESS6 | STRESS?
Field Contents
EIDI First Element ID to which these stresses apply. (Integer > 0)
EID2 Last Element ID to which these stresses apply. (Integer; Default = EIDT)
INTI First Integration point for which the stress applies. (Integer > 0; Default = 1)
INTN Last Integration point for which the stress applies. (Integer > 0; Default = 4)
LAY First element layer for which the stress applies. (Integer >0; no Default. Enter zero
or leave blank if the model does not contain beams or shells.)
LAYN Last element layer for which the stress applies. (Integer >0; no Default. Enter zero
or leave blank 1f the model does not contain beams or shells.)
STRESS(1) Up to 7 stress components may be entered. (Real; Default = 0.0)

MSGC



STRESS-STRAIN CURVE

- Typically, laboratory measurements are expressed in engineering
(nominal) stress and strain

« True (Cauchy) stress and true (Log) strain are required in SOL 400

- Engineering stress and strain can be converted to true stress and
strain by:

Gtrue — Gnom (1 + gnom)

=In(l+¢, )

gtrue

MSGC A Software’



STRESS-STRAIN CURVE (CONT.)

- Stress-strain curve is entered in table form

- Two types of stress-strain curve can be used in SOL 400
— True stress vs true total strain (TYPE = 1, default)

— True stress vs true plastic strain (TYPE = 2)

TABLE
v
MATEP MID Form YO FID RYIELD Wkhard H
“‘Reffect” option RTID / C P
“Aniso” N/A ﬁm/ R22 R33 R12 R31
“Press” option // alpha beta
“Chaboche” R}/ Rinf B C Gam N
P
TABLES1 TID/ TYPE
x1 y1 x2 y2 x3 y3 -etc.- “‘ENDT”
MSGC A Software




CASE STUDY - METAL FORMING

Model description
A flat sheet is formed into an angled bracket by punching it through a hole

in a table using the contact option

The cylindrical punch drives the sheet down into the hole of the table to a

total stroke of 0.3 inches
The material is elastic-plastic with work-hardening

At the bottom of the stroke, the total strain is nearly 60% - a large strain

problem

MSGC



CASE STUDY - METAL FORMING (CONT.)

 Model Review
— 2D (plane strain) model

— Three contact bodies: plate (deformable), punch (rigid with motion control)

and table (rigid)

— The plate is constrained in x-direction
— Elastic material is defined, need to add plasticity

Y|
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CASE STUDY - METAL FORMING (CONT.)

« Create material field
Fields |
Action;
: File Group Viewport Viewing Display Preferences Tools Help Utilities ﬂ
Home  Geometry  Properties = Loads/BCs  Meshing  Analysis  Results  Durability
% L. | | ) ) = ||| | |@] ¥ ‘illlfii;t‘||§ii\%\i|||-iim H O EEES @I#mr
Iotropic || (| | || Puid || Conesive ||| ‘ St eo? ||| % ||[#Material|
Isatropic ||Drthotropic| |Anisotrapic|| Fluid || Cohesive Compd ' roperties| |Property Actions Fields
Input Data ] Auto Highlight
T { Import/Export....
Data;
Plastic Strain (in/in) Stress (psi) : £ : fat ! E
e-1 | 00000000E+000 | 50000000E+004 ||
0.0 50,000 e2 | 10000000E-001 | 63000000E+004 || ||| Field Name
0.1 63,000 "e3 | 2.0000000E-001 | 6.9000000E+004 | ||| |Plasticity
0.2 69,000 e4 | 30000001E-001 | 7.4000000E+004 |
e5 | 5.0000000E-001 | 8.3000000E+004
0-3 74,000 e5 | BODDOOOIE0DT | 94000000E+004 | ||| fableDefimion @ o @ s
0.5 83,000 e7 | 10000000E+000 | 1.0000000E+005 | i Tempestiins (1)
0.8 94,000 e8 [¥] Strain (e)
1.0 100,000 e-9 s [1Strain Rate (er)
OTime ()
C1Frequency (f)
CILife (N)
MSC A Software



CASE STUDY - METAL FORMING (CONT.)

- Add material plasticity e
— stress-strain curve e

— von Mises yield criterion

Existing Materials B

— isotropic hardening [Steel |

Constitutive Model: Constitutive Model: Elastoplastic _~

Property Name Value Nonlinear Data Input: [SHESS}_Sirain Curve ™ J

Etastic Modulus = 30000000 _ Yield Function:

Poisson Ratio = [ 0.30000001 | Hardening Rule: Isotropic_~

Shear Modulus = ' Strain Rate Method:

Density = | 0.00073999999 | .

: Filter

Thermal Expan. Coeff = | Fropety Name el

Structural Damping Coeff= | | Stress/Strain Cuve = Plasticity

Reference Temperature = [ 3

: : : New Material Name
Temperature/Strain/Strain Rate Dependent Fields: :
= Steel
Plasticity . i
Elastic Plastic
Description
i . Date: 1 O-"Aug-oﬁ' Time:
Current Constitutive Models: BN s Nodch: 12:00:56
. e T 1o TACE Linear Elastic - [,,,] - [Active]
Ehe e Elastoplastic - [Stress/Strain Curve Von Mises Isotropic,None ] - [Active]
[Cancel ]| | [0k Cancel l Input Properties ..
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CASE STUDY - METAL FORMING (CONT.)

* Run the job and post-process results
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WORKSHOP 6
PLASTIC DEFORMATION

i tip_load.db - default_viewport - default_group - Entity

Fringe” Nefault. A1 Nardinear 200 % of | oad. Displacements. Translational ¥ Component (NON-I AYFIFD) -1.0E+000

—————

-1 .0E+001

-1.1€+001
-1.26+001
-1.37+001
-1.47+001
1.5&1001

dsfault_lringe

Max 0. @Nd 1

Min -1.53+0C1 @Nd 505

dafanlt_Neformatinn
Max 1.68+001 @Nc 0B
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NONLINEAR ELASTIC MATERIAL

NAS400, Section 5, January 2015

Copyright© 2015 MSC.Software Corporation 5940
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BASICS OF NLELAST MATERIAL

- Applications Example of Gray Case Iron
— Plastics
— Metals 647

- Loading & Unloading 56
— Different to elastic-plastic material

. . 48+ ; _
the loading & unloading curves #/ o Monotonic-Compression
remain the same 404 ¢ Cyclic-Compression

— However, .tenS|on and Stress
compression curves may be (ksi) 327
different 24- o Monotonic-Tension

— Should be used for small strains o Cyclic-Tension

only (e < 10%)

> Fracture

0-1 I I T I
0 0.002 0.004 0.006 0.008

Strain
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APPLICABILITY OF NLELAST

 isotropic material — all advanced nonlinear elements

MATS1

MID

TID

NLELAST

 orthotropic — adv. axisymmetric solid

MATS3 MID TEX TETH TEZ TNUXTH | TNUTHZ TNUZX TRHO
TGZX TAX TATH TAZ
- orthotropic — adv. plane strain, stress, 3D solid
MATSORT MID TE1 TE2 TE3 TNU12 TNU23 TNU31 TRHO
TG12 TG23 TG31 TA1 TA2 TA3
« orthotropic — adv. shell
MATSS8 MID TE1 TE2 TNU12 TG12 TG1Z TG2Z TRHO
TA1 TA2

T stands for TABLES1,
TABLEST or TABL3Di

MSGC

Software’



MATS1 INPUT EXAMPLES

- Typical input of a nonlinear stress-strain curve

BEGIN BULK

PARAM, LGDISP, 1

S 200, 3o, 4.0, S.oo... 6. Teveonn. S 9.... ...
MAT1 1 35000 0.3

MATS1 1 10 NLELAST

TABLES1 10

+ -0.02 -400. -0.015 -=375. -0.01 -300. -0.005 -175.
+ 0.0 0.0 01102 2“00. ENDT

strain — stress — data
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MATS1 INPUT EXAMPLES (CONT.)

 Temperature dependent stress-strain curve

BEGIN BULK

PARAM, LGDISP, 1

= S 200, 3o, 4.......
MAT1 1 35000

MATS1 1 1 NLELAST
TABLEST 1

+ 20.0 20 100.

+ EgB;////

TABLES1 2

+ -0.02 -400. -0.015
+ 0.0 0.0 0.02
TABLES1 100

+ -0.02 -300. -0.015
+ 0.0 0.0 0.02
TABLES1 200

+ -0.02 -200. -0.015
+ 0.0 0.0 0.02
TABLES1 300

+ -0.02 -100. -0.015
+ 0.0 0.0 0.02

ooooooo

100

-375.

200.

-281.25
150.

-187.5
100.

-93.75
50.

Beeennn T
temperature

200. 200

-0.01  -300.

ENDT

-0.01  -225.

ENDT

-0.01  -150.

ENDT

-0.01  -75,

ENDT

strain — stress — data

300.

.005

.005

.005

.005

300

-175.

-131.25

-87.5

-43.75
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MATORT INPUT EXAMPLES

- Typical input of orthotropic nonlinear elastic materials

BEGIN BULK
PARAM, LGDISP,
S, 2
MATORT 1

+ 13461.5
MATSORT 1

+ 3
TABL3DO 1

+ -0.02
+ 0.0
TABL3DO 2

+ -0.02
+ 0.0
TABL3DO 3

+ -0.02
+ 0.0
TABL3DO 4

+ -0.02
+ 0.0

13461.5
1
3

5000.
22500.

500.
2250.

1923.1
8653.9

192.31
865.39

4., 5
35000. 3500.
1346.15

1 2

4 strain
69—

-0.015 15000.
0.02 10000.
69

-0.015 1500.
0.02 1000.
69

-0.015 5769.2
0.02 3846.2
69

-0.015 576.92
0.02 384.62

-0.01
1.0

-0.01
1.0

-0.01
1.0

-0.01
1.0

25000.
10000.

2500.
1000.

9615.4
3846.2

961.54
384.62

-0.005
ENDT

-0.005
ENDT

-0.005
ENDT

-0.005
ENDT

35000.

3500.

13461.5

1346.15
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BASICS OF HYPERELASTIC MATERIAL

- Applications
— Rubber & elastomers:
« O-rings, bushings, gaskets, seals, boots, tires

— Plastics
— Glass Cauchy stress
— Solid propellant /
(o]
A

- Material Behavior
— large strain nonlinear elastic
— incompressible or nearly
— incompressible «

— loading = unloading

MSGC



VOLUMETRIC LOCKING

- Due to incompressibility (v = 0.5), standard formulation would
lead to volumetric locking or even instability

E(1-v)

(T A=v(1-2v)

Singular!

SYM

1-2v
2(1-v)

1-2v
2(1-v)

1-2v

2(1-v)

MSGC



STRAIN ENERGY FUNCTION

- Therefore for nearly-incompressible materials strain energy
functions are used, like:

P0|yn_°_mia| bulk modulus
coefficients f 1 3

N N
/s me  .on o 9K (3
W= Wdeviatoric + Wvolumetric = Z Z Cmn (Il - 3) (12 - :’) + ? [J — 1]

S

deviatoric stress

strain energy

J = AAA; (Jacobian)

invariants A; (principal stretches)
« Stresses are calculated from:
Cauch
2nd Piola aueny Left Cauchy Green
Kirchhoff«_ o~ _ IW Green Lagrange / _ 20w Pl
ot aEij/ O T 3 o, K

Total Lagrangian Formulation Updated Lagrangian Formulation

MSGC A Software’



MATERIAL MODELS

* Mooney-Rivlin Model
- Ogden Model
 Arruda-Boyce'

- Gent'

1Arruda-Boyce and Gent yield
better results when only a
tension test is available

soap.avi

MSGC



MOONEY-RIVLIN MODEL

- Generalized Mooney-Rivlin, as used in SOL 400

tod

devratoric

= C

1{]

J}"‘C I{I‘j_

)+ Cyy (I -

3)(1,-3)+ C

TEG{il

- 3
~3)2+ ¢, (1, - 3)

« Format 1 (Default): Generalized Mooney-Rivlin model (Model =

Mooney)
1 2 3 4 5 6 7 8 9 10
MATHE | MID Model N/A K RHO Texp Tref GE
C10 Co1 N/A TAB1 TAB2 | TAB3 | TAB4 | TABD
C20 C11 N/A N/A N/A N/A
C30 N/A N/A N/A N/A N/A
When a subset of coefficients is being used:
nh s ; .
deviatoric — C10(11 —3) Neo-Hookean
mr 1 , - oo
deviatoric — C100I1 — Cyy(I; = 3) Mooney-Rivlin
MSGC ASoftware



MOONEY-RIVLIN MODEL (CONT.)

 Instead of the coefficients, test data can be input

1

2

3

4

5

6

7

8

10

MATHE MID Model N/A K RHO Texp Tref GE
C10 Co1 N/A TABA1 TAB2 TAB3 TAB4 TABD
C20 C11 N/A N/A N/A N/A
C30 N/A N/A N/A N/A N/A

- Up to 4 tests for deviatoric part and one for volumetric part are
possible

— TAB1, simple tension
— TABZ2, equal biaxial
— TABS3, simple shear

— TAB4, pure shear
— TABD, volumetric

\

> Input via TABLES1

Attention: not available for

MATHE, use MATHP instead




MOONEY-RIVLIN MODEL (CONT.)

* Mooney-Rivlin — Input Example

BEGIN BULK
PARAM, LGDISP, 1
NLMOPTS, LRGS, 2
S 2. ... 3eiinn.. 4o, S 6ueenens Teeeannn 8. I 0
MATHE 1 MOONEY 1.-6
+ 0.5 0.125 ‘\\\\\
S
K=blank for fully incompressible

MSGC A Software’



OGDEN MODEL

« Strain Energy Function

 Format 2: Ogden Model or Foam Model

ogden

wdeviatoric o Z

with:

Z

Ui
3. %

(% are the deviatoric stretches)

1 2 3 4 5 6 7 8 9 10
MATHE MID Model NOT K RHO Texp Trep GE
Mu1 Alpha1 Beta1 TAB1 TAB2 TAB3 TAB4 TABD
Mu2 Alpha2 Beta2 Mu3 Alpha3 Beta3d
Mu4 Alpha4 Beta4 Mub Alphab Betad

MSGC



FOAM MODEL

« Strain Energy Function

 Format 2: Ogden Model or Foam Model

H,

n

(1-s")

Eo (e 4 220 4 220 3)

"2

1 2 3 4 5 6 7 8 9 10
MATHE MID Model NOT K RHO Texp Trep GE
Mu1 Alpha1 Beta1 TAB1 TAB2 TAB3 TAB4 TABD
Mu2 Alpha2 Beta2 Mu3 Alpha3 Beta3
Mu4 Alpha4 Beta4 Mu5 Alphab Beta5

MSGC



ARRUDA-BOYCE AND GENT MODELS

- Strain Energy Function (Arruda-Boyce)

W

dev

~Arruda-Boyce

1

_ l s
- nk@[j(ll—.%wzm\,
5 .
20 (17— 243))
673750N

« Strain Energy Function (Gent)

W

dev

SGent

—FEI

m

6

log ‘ 1 —

L

I

kY

11

with

(1 -

9)+

NKT

L

11
1050N>

(I3-27) +

19
- 3
7000N

n, chain density

k, Boltzmann constant
0, temperature

N, number of statistical links

I, -3

(I - 81)

 Format 3: Arruda-Boyce model or Gent Model (Model = Aboyce or

Gent)
1 2 3 4 5 6 7 8 9 10
MATHE MID Model N/A K RHO Texp Tref GE
NKT N/E Im TAB1 TAB2 TAB3 TAB4 TABD
MSC



TEMPERATURE DEPENDENT MATHE

* Input via MATTHE

1

2

3

4

5

6

7

8

9

10

MATTHE

MID

N/A

N/A

N/A

N/A

T(Texp)

N/A

N/A

T(XX)

T(YY)

T(22)

T(TAB1)

T(TAB2)

T(TAB3)

T(TAB4)

T(TABD)

- T(XX) — ID of TABLEMi, applicable to Mooney, Aboyce option

depending on the MATHE “Model” field

— for MOONEY itis C10, for ABOYCE it is NKT
 T(YY) - ID of TABLEMI, applicable to Mooney, Aboyce, or Gent

option depending on the MATHE “Model” field

— for MOONEY itis CO1, for ABOYCE itis N, for GENT is E
- T(ZZ) - ID of TABLEMIi, applicable to Gent option depending on

the MATHE “Model” field

— for GENT itis LM

MSGC



EXPERIMENTAL DATA FITTING

- Material constants are usually
obtained from experimental
data fitting

- Patran provides a easy
graphical interface

- Required testing data must are
engineering stresses vs
engineering strains

1.80

1.50

5 1.20

00

[ I o

&00

.300

LEGEND

—i— Raw Uniaxial

~ Raw Biaxial

- MNeo-Hookean(Biaxial)

Meo-Hookean(Flanar Shear) .
MNeo-Hookean(Simple Shear)| - '

Meo-Hookean(Uniaxial)

150

300 450

Strain

&00

7h0

400

MSGC



EXPERIMENTAL DATA FITTING (CONT.)

- Read In Raw Material Data Espeiimental Dala Fiing
—_ Import Raw Data as Fields Actian: Import Rever Data =
 Strain ~Raw Data Info:
- Strain Rate s
* Time [T AreaData
. Frequency AreaiEEl M

« Temperature
Independert “ariakle:

— CSV Files Supported Time

Header Lines to Skipr Temperature
Frequency

=&lect | Syrain Rate

Eofit il

Experimental Data Fitting

MSGC



EXPERIMENTAL DATA FITTING (CONT.)

- Select Fields and Associate to Tests Eperinental Data Fiting
— Uniaxial / Biaxial sctor: [SobciTestias V] T
— Planar / Simple Shear b o
Unigxial Unigzial
— Volumetric | |
Bizxial Bizxial
— Visco-elastic Relaxation [ |
Planar Sheat Planar Shear
(Bulk, Shear, Energy) | |
Simple Shear
[—
Solumetric “Walumetric
| |
—Yizcoelazticity Damage:
™ Viscoelastic

) Damane
siecoelasticIaEEE

Select Material Test Data:

" o

Experimental Data Fitting |

MSGC



EXPERIMENTAL DATA FITTING (CONT.)

- Calculate Properties based on Selected
Material Models

— Neo-Hookean / Mooney / Yeoh / Ogden / Gent
— Shear / Bulk / Energy Relaxation (Viscoelastic)

* Plot the Curve Fit Results and Save comie|
Constitutive Model into Database L

Valug I =
c1:
903 Errar:
-
o | ] »
— Platting
Plat Unpost Plat
(L |
Plot Parameters...
A
T |
&
w
ad / LEGEN D Mewe Material Mame
Z " | —— Raw Data |
e N 20-H
eo-Hookean Select Waterial
15 Mooney(2)
4 e 0h ;I —
Second Order Invariant =
| o4 Ogden P v I—I
T LS T T T 1
150 300 450 600 750 900 .'J
Strain




CASE STUDY - RUBBER TUBE

* A rubber tube is compressed by two rigid bodies on the top and
bottom

- Experimental data fitting is used to define the rubber material

MSGC A Software’



CASE STUDY - RUBBER TUBE (CONT.)

- Experimental data fitting
— Import raw data

| Tools | Help  Utilities

MSC.Fatigue
Laminate Modeler
Random Analysis...
Analysis Manager...
List

Mass Properties...

Beamn Library...

Regions...

Medeling

Durability

|l ([ || B || B ||| 4 [|550 || 390 44
|28 [t |t [|[] Lo | [[ o] =

Orientation Misc.

Lookin: | | NAS400_2014 L]

Name
biaxial.data
planar_shear.data

& £f B

Date modified
9/13/2001 11:32 |
9/13/2001 11:32 1

uniaxial.data

9/13/2001 11:32 |

& I -

File name: Iuniaxial.data

Lef L

|Available Files {*.dat"; *.csv}

Files oftype:

Cancel

.- ——

‘Experimental Data Fitting |

Action: Import Raw Data ']

Raw Data Info:
New Field

uniaxial
[lArea Data

=120 ETE

Independent Variable:

O Switch Ind./Dep. Columns

Header Linesto ¢ 0

Model Contents...

Properties Import...

Load Teols...

Model Variables...

Element Quick Create...
Property Data Plots...

Mass Property Management...
Assembly »
Experimental Data Fitting...
Bolt Preload...

Rotar Dynamics...

MNSM Properties...

Feature Recognition...

Contact Bodies/Pairs...

| Select File...

MSGC



CASE STUDY - RUBBER TUBE (CONT.)

- Experimental data fitting
— Select test data
— Calculate property
— Plot fitting curves

=
=
e
c
5

200 400 600

Str.';ti-n '

Experimental Data Fitting

Action”  |Calculate Properties ~ |

Model: Mooney (2) ~

Mooney (2)

Use Test Data:

{ Optional Parameters...

Coefficient Value:
Coefficients

Value
C10: 025307962
CO01: 0027137678
Error: 7677381
Plotting
{ Plot J [ Unpost Plot J

{ Plot Parameters... |

Experimental Data Fitting

Action:  |Select Test Data ~ |

| Clear Fields |
Deformation Mode:

Primary Secondary

Uniaxial Uniaxial
uniaxial

Biaxial Biaxial
biaxial

Planar Shear Planar Shear
pshear

Simple Shear

Volumetric Volumetric

Viscoelasticity/Damage:
O Viscoelastic

Select Material Test Data:

uniaxial
biaxial

MSGC A Software’



CASE STUDY - RUBBER TUBE (CONT.)

- Experimental data fitting

— Generate new material

Constitutive Model:
Compressibility:

Data Type:

Strain Energy Potential:

Order of Polynomial:

Property Name

Hyperelastic ~

INeari}-r Incompressible

[Mooney Riviin MATHE

a)

Value

Strain Energy Function, C10 =
Strain Energy Function, C01 =
Strain Energy Function, C11 =
Strain Energy Function, C20 =
Strain Energy Function, C30 =
Bulk Modulus K =

Density RHO =

Thermal Expansion Coeff =
Reference Temp. TREF =
Structural Damp. Coeff GE =

025307962 &~

| 0.027137678

I Optional Parameters. .. I

Coefficient Value:

Coefficients
Value
C10: 0.25307962
P ] -
co1: | 0.027137678
Error: - 1677381
Plotting
[ Plot ] I Unpost Plot ]

[ Plot Parameters... J

[1Save Curves

New Material Name
| rubber]

Existing Materials:
rubber

| Apply J | Cancel

MSGC



CASE STUDY - RUBBER TUBE (CONT.)

* Define element propert Element Properties |
. p p y Action:
— 2D solid (plane strain) ot
— Hyperelastic formulation Type:
Plane Str;in(CTRlA:}!G,CQUADAUE) Sets By: ew
Property Name Value Value Type [
Material Name | m:rubber Mat Prop Name A% o)
|[Plane of Deformation] ciD H
[Output Locations]
<l a
| Filter *
Property Set Name
tubber
Options:
Enter the Material Name or select a material with the icon. IHYD erelastic Formulation = l
l Input Properties ... I
i I Select Application Region ... J
Apply

MSGC



CASE STUDY - RUBBER TUBE (CONT.)
- Setup implicit nonlinear (SOL 400) job

* Run the job and post-process results

MSGC
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COMPOSITE ANALYSIS

- Traditional composite analysis
— Linear analysis
— Compute ply failure index and/or strength ratio
— Compute bonding failure index and strength ratio

 Incentives for going beyond linear analysis

— Evaluate the ultimate capacity of a composite structure by progressively
failing the plies

— Simulate delamination/debonding

— Simulate crack propagation

MSGC



FAILURE MECHANISMS

\\
\\
<

'

)
EERER!
1 | T

\/

Longitudinal Longitudinal Transverse Transverse In-Plane Shear
Tension Compression Tension Compression
Fibre Failure Fibre Failure Matrix Failure Matrix Failure Fibre-Matrix

Interface Failure

MSGC A Software’



INPUT CARD FOR COMPOSITE FAILURE

- Failure model properties are entered in MATF card
- Up to three different failure criteria can be specified

- Compute failure indices only if ITYPE=0 (default)

MATF MID ITYPE
“CRI" | Criterion YA A A Vv, VA A 1st
V,! A V' Find" Vyo! V. V,,! W,
W, ! W, ! w,! W' W, ! W, 1 W' W'
“‘PF” A1 A2 A3 A4 A5
“CRI" | Criterion | V2 V,2 V2 V,2 V2 V2 2nd
V2 Vg2 V2 Find" V.2 V42 V.2 W,2
W,2 W,2 W,2 W2 W,2 W2 W2 W2
“CRI” Criterion V.3 V,3 V3 V,3 Vg3 Vs 3rd
V.3 Vg3 V3 Find’ Vo3 V2 V.3 W,3
W2 W2 W,3 W3 W2 W3 W2 W2

MSGC A Software’



FAILURE CRITERIA

« The available failure criteria are:

— 1: Maximum stress criterion
— 2: Maximum strain criterion
—  3: Hill failure criterion _ _
— 4: Hoffman failure criterion Constiuve Modek Falure! (S0L 4005007
— 5: Tsai-Wau failure criterion Snidittl * Mam.m Shess
Progressive Failure Option:
— 7: Hashin failure criteria | Ei"ﬁ
. . . Property Matme affman
—  8: Puck failure criteria e v Lo | Tsaki -]
Hashi i [
— 10 Hashin_Tape Tension Stress Limit ¥ = 1 Pj:k 4 | 5']-
. . Tension Stress Limit Z = | Hashin-Tape

— 1 1 . HaSh|n'Fabr|C Eoifitees Shinss Link i = . Hashin-Fabric

Compress Stress Limit Y = 12950,

Compress Stress Limit £ = 30000,

MSGC A Software’



FAILURE CRITERIA (CONT.)

1. Maximum stress
stress; / allowed stress; > F, 4

Failure Index F; 4
2. Maximum strain (default = 1.0)

strain; / allowed strain; > F;

3. Hill
{12 02 {12 ] ] 1 1 1 ™ “ | b T 12 Tz
L p Lt L | —m = — = 0,0, | =t =~ =00, | =t === |G.0, ik =S F
z z : d
¥y A I“XZ ¥ z¥ L}’2 7 Lz2 S SO L
4. Hoffman
O 1 1 17 O 17 TE Tz :
1 2 T 2 Xy VI e o
{'x(ﬁx_ﬂ}) +{’}[G G} +C (G G) +L?_?";Gj+L?_F;G}+LE_EJG:+T+?+_S‘2 }and
i C T c s 'ij "3.»_ .
5. Tsai-Wu
¢ 4 - s : 2 T T2 T
1 | ] 1 1 1% G, o, o, Xy yI ox
- —|g, t|=—=|O, +|=— =0, + 1 t te==t =t ==+ 2F 6,0,+2F 6,06 +2F 0.0, >F
X X}, L}, },L‘), ¥ L“Z: 7 )t XrX },r},i zr } Sﬂ ."ff, .":'Ex EV-Ey x -y ind

MSGC A Software’



FAILURE CRITERIA (CONT.)
7. Hashin

Tension fiber mode. .
Fiber Modes

@ (2 + Loz, +0%) = 1oroy, = X
X, 5—2(512 0f3) = Loroy = X;

Compressive fiber mode, 6, <0

Tensile matrix mode, 6, + 63 >0

1 1 5 1 5
@ [?(52 +03)% + g2 (023 ~0203) F 5 (0fy T Of )J

t =33 12

Compressive matrix mode, 6, + G5 <0

@ 1 (( Y, )2_ 1)(Gﬁ+63)— 1 (0, +03)% + L(Gi 6,05+ - (62, +62,)
Y \\285,5 - 48233 - 9,%3 5122 12 13

MSGC A Software’



FAILURE CRITERIA (CONT.)

8. Puck
Two modes of fiber failure Three modes of matrix failure
Mode C T
Tensile fiber mode. ¢, > 0 — N AT
Failure envelope
0, |
X, |/
t 0<[t|< [l d f
Compressive fiber mode. 6, < 0 o R ) -RY IL‘{
i .
|’51| > matrix tension
X Mode C Mode B Mode A

C

Mode C is the most dangerous
due to “wedge effect” which can
lead to catastrophic failure.

TPuck, Shurmann: Failure Analysis of FRP Laminates
by means of Phenomenological Models,Composites Science and Technology, 58 (1998), p. 1052.
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FAILURE CRITERIA (CONT.)
8. Puck (cont.)

Mode A. G, >0, Elfp =0

"312\52 Y, \ Gy 2 )
@ (2 (1 ~Prig— [—' TP
'S,/ S, \Y/ S

— Failure Angle 65,
— Analytical calculation

A
ModeB.G,<0and0< | 2| < R B, = 0 for plane stress,
Opp]  ©21c numerical calculation
| otherwise
@ [S—Hf ot + (913002 + 120y — The Failure Index is
calculated as a function
Mode C. 6. < 0 and 0 < |°12| < < Ot of this angle (output as
. o,| RA 6 mode)
{ k) 2 [ 2\ Y Additi q
{ ( 4+ [_L] |_r:} dditional inputs are p12c, p12t, p23c, p23t
@ W2(1 + pﬂ S Y/ / |GE| to describe the failure envelope, typically

p12c = p12t = 0.35; p23c = p23t = 0.27

MSGC A Software’



FAILURE CRITERIA (CONT.)

10. Hashin-Tape (1: fiber, 2: matrix, 3: thickness direction)

Tensile fiber mode, G, >0
Fiber Modes
o2 G2 O3\ 2
® [+ (@]
v X, Sy, S1y/
Compressive fiber mode. 6, < 0

@ [ () ()]
L*‘X-:"J S S13

(52_‘3312_522533_[512‘1‘_(&‘1{%‘523\12
® |73 S% S/ VS NSy

T

Compressive matrix mode. 6, + 65 < 0

( Y. 2 /Oy t0O3 (0, T052 0,03 (G2 (Oy32 (523‘\2
@ \ _1.'| .||+ | — _[ ] _(_' + ; |

2553



FAILURE CRITERIA (CONT.)

11. Hashin-Fabric (1 and 2: fiber directions, 3: thickness direction)

Compressive fiber 1 mode, 6, < 0

Fiber Modes

(%2)" 4 ( 1z|2 N |f"‘5‘13"~2
Tensile fiber 1 mode. 6, > 0 \Y "S5/ \ q
C i |

[;’51" 2 (©12) ASE) ‘}
\X/) \S,/ \S,/ Matrix Modes

Compressive fiber 1 mode, ;<0 , ,
Tensile matrix mode. Gy > 0

P PRI o PSP o
[R—IJ 4 12] +[ 13]J
Xc*’ '512’ “313’

VL NS/ M8yl A8y

Tensile fiber 2. mode, G, > 0 Compressive matrix mode, ¢4 < 0

2 2 ? |

(92)" . {Glle +(213) (O3\2  (O10\2 _(O13\2 | (0932

\Y \ S . T B P | 5 |
v 12 13 VLS NS ASyy) WS,y



PROGRESSIVE FAILURE

* For Fl > 1 the material stiffness will be degraded

— controlled via ITYPE and PF part on MATF

* ITYPE=2 — gradually
— so that the largest FI becomes 1 within an increment
— moduli are reduced by 1 — e'F! based on rules for the criteria
— the stiffness is not reduced to more than A1. Default = 0.01.

* ITYPE=3 — immediately
— fraction of initial stiffness upon failure is A1 based on rules for the criteria. Default = 0.01.
— For maximum stress and strain

« Each modulus is reduced separately for each respective failure mode according to
ITYPE and A1

« For example, if failure in the 2-direction is found, only E, is being reduced

MSGC A Software’



PROGRESSIVE FAILURE (CONT.)

- Stiffness Degradation (cont.)
— Hill, Hoffman, Tsai-Wu

* since only one Fl is available all moduli are reduced with the same factor
according to ITYPE and A1

— Puck and Hashin, additional control is available
« A2 — Matrix compression factor. E; is reduced by:
(1 —A2)(1 — el Fmo)
with F.. matrix compression failure. Default = 0.0.
« A3 — Shear stiffness factor. G, is reduced by:
(1—-A3)(1—el"Fm)or (1—A2)(1 — A3)(1 — el Fmc)
for matrix or matrix compression failure. Default=0.0.
« A4 — E3 reduction. With F; and F, (fiber & matrix failure):
(1—A4)(1— el Fr) + A4(1 — el Fm)

MSGC



PROGRESSIVE FAILURE (CONT.)

« Stiffness Degradation (cont.)

— Puck and Hashin (cont.)

» A5 — Shear reduction from fiber failure. With F; and F,, (fiber & matrix failure) G12
will be reduced by:

(1—-A45)(1—e'Fr) + A5(1 — e'~Fm)
— Hashin Fabric
« A2 — A5 are not used

« The E moduli are reduced separately according to the failure modes
« The shear moduli are reduced using the worst of E;

MSGC A Software’



PROGRESSIVE FAILURE EXAMPLE

- Rigid elliptical cylinder hitting composite shell
— Moving rigid body

Yellow means outer
ply fully damaged

Composite with 5 layers
[0 45 90 -45 0]

MSGC A Software’



NAS400, Section 5, January 2015
Copyright© 2015 MSC.Software Corporation

GASKET MATERIAL
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GASKET MATERIAL - MATG

 Format:
1 2 3 4 5 6 7 8 9 10
MATG MID IDMEM BEHAV TABLD TABLU1 TABLU2 TABLU3 TABLU4

TABLUS TABLUG6 TABLU7 TABLUS8 TABLU9 | TABLU10 YPRS EPL

GPL GAP TABYPRS | TABEPL TABGPL TABGAP N/A N/A
- Example:
MATG 100 10 0 1001 1002 1003

100. 2500.
950. 0.0
MSC ASoftware




GASKET MATERIAL (CONT.)

« MATG - Pressure vs. Distance Curves

Gasket Pressure, p

1'{1‘1

Py

Py

loading path

unloading path

C,r.! C}'(] C,r.! 1 C_r
Gasket Closure Distance ¢

€1

MSGC



GASKET MATERIAL (CONT.)
 MATG - Input Example

transverse shear

BEGIN BULK modulus

St 2. 0o 30 ... 5t 6 T 8. e 0
MATG 1 2 0 1 2 yield stress

+ 52. 72.

+ 35. 1090909 _ tensile modulus
TABLES] 1 initial opening

+ 0. 0. .027 2.08 .054 8.32 .081 18.72

+ .108 33.28  .135 52. .175 56. ENDT |oading curve
TABLES1 2

. 1 0. .1225  5.04 .1375  14. .1525  27.44

+ .16 35.84  .1675 45.36  .175 56. ENDT nloading curve
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COHESIVE ZONE MATERIAL - MCOHE

1 2 3 4 5 6 7 8 9 10
MCOHE MID MODEL TID
COHE CRTOD MAXOD SNSR EXP VED RRRD SFC
SNER
t i it
- @ dgca_}fﬁli?fﬂ?g @
Model

- 5

E@.V
- Referring Property Entry
1 2 3 4 5 6 7 8 9 10
PCOHE PID MID INT T OUTPUT | SECANT

MSGC



COHESIVE ZONE MATERIAL (CONT.)

 Material behavior:

— Initially reversible behavior
— lIrreversible behavior as soon as a critical relative displacement has been

reached
— Area below the traction-relative displacement curve is called the cohesive
energy _
reversible
, behavior
Z{'I’l
irreversible
behavior
unloading- G s = E 7
loading c units = Energy/Area
beyond v,

MSGC A Software’



COHESIVE ZONE MATERIAL (CONT.)

Available material models

— Bilinear (3 input quantities: G, V. V)

— Exponential (2 input quantities: G, V,) —>
— Linear-Exponential (3 input quantities: G, V, q)
Input quantities

— G, is the cohesive energy
— V., is the critical effective opening displacement

— V,, is the maximum effective opening displacement

— q is the exponential decay factor
t A

t A
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COHESIVE ZONE MATERIAL (CONT.)

- Available testing data could be the cohesive energy and the

maximum traction, instead of the critical or maximum opening

displacement

* The relationships to convert such data:

. G,
- exponential model: v, = — :
et,
_ 2G,
- linear model: v, = ;
C
. . 2qG,
- linear-exponential model: v, =
J')
L g +2)

MSGC



VIRTUAL CRACK CLOSURE TECHNIQUE

8

9

10

* VCCT ID IDCR ITYPE IGROW INCM METHOD TIME IACT
Cal GC GTH C M GMIN GC-ll GC-lll
TABCGI TABGC TABGTH TABC TABM TABGMIN | TABGC-II | TABGC-III
G1 G2 G3 G4 G5 etc.
« Simple and Robust
— Force needed to keep the crack closed, F ﬂ\
— Crack opening displacement, u a|F
— Area around the crack tip, a e E @
— The crack is initially closed
— Energy release rate:
_Fu
" 2a \‘; a
| F @
Uu— ——
? i
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VCCT - BASIC
- ITYPE =0 (no crack propagation)

- User only needs to define the crack front

- Basic VCCT definition gives you

Calculation of the energy release rate G and the respective modes G, G,
and G,

Estimated crack growth direction
Results are saved for post-processing and printed to the .fO6 file
Results output format in the .f06 file:

vCcCT CRACK RESULTS
CRACK TIP  -—-——————————- ENERGY RELEASE RATE —-——————————— ESTIMATED CRACK GROWTH DIRECTION
CRACK ID GRID ID TOTAL MODE I MODE IT MODE IIT X Y Z

MSGC A Software’




VCCT - CRACK PROPAGATION

- Crack growth mode
— Direct Growth (ITYPE=2)

« Crack growth method
— By releasing glued contact

« Crack growth criteria
— Total energy release rate G>G (enter G only)
— Individual modes G>G_, or G,>G_, or G, »G_,, (enter G.=G_,, G_, and G_ )

« Crack growth direction method
— Maximum hoop stress direction

MSGC A Software’



COHESIVE ZONE AND VCCT EXAMPLE

 Core with facesheets

initial defect T ' T
— Cohesive zone
— WCCT
200 _
« NASA Push Test s 150]- ]
— UG #20 “ I
50 ]
o | | |
0 0.0 1 015 0

WVertical dls..p]ar.emeut
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BASICS OF CREEP MATERIAL

« Creep is a time-dependent inelastic behavior

— Typically exhibited as stress relaxation of a component loaded with a
prescribed constant displacement or changing deflection of a component
loaded with a constant load (and, thereby, stress):

g a

£ £
A f
It /
\ %o
AN E
£ A »

- |
o]

Constant Strain Applied Response to Constant Strain Constant Stress Applied Response to Constant Stress

-

— Can occur at stresses well below the yield stress
— Typically more common at high temperatures

— The minimum temperature required for creep deformation to occur is 30-
40% of the melting point for metals

— Creep can occur at relatively low temperatures in low melting-point metals
such as solder and zinc, as well as plastics

MSGC A Software’



BASICS OF CREEP MATERIAL

- Applications
— Asphalt
— Concrete
— pre-stressed bolts

- Loading & Unloading

— Constant load leads to creep
strains over time in addition
to elastic and plastic strains
at time O

— Upon load removal the elastic
strains recover immediately,
part of the creep strains over
time, the other part and ¢”
remain

v

stress 1711

A

multiple pre-stress
o

elect curve to give a minimum
stress for the life of the bolt.

>
. time
Relaxation
strain
A
Load = const. Rupture

Load removed

remaining
strain
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INPUT OF CREEP MATERIAL

- Two input types of creep strain rate

— Exponent input temperature

£¢ = AGM. (go)n. TP. (qtd- L
~

time
MATVP MID A m n p q
— Table input
ef = A+f(6)+g(€‘:)+h(T)+¥
MATVP MID A IT3D

T

ID of a TABL3Di

can be coupled with MAT1,

MAT2, MATORT, MAT9, MATEP
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INPUT OF CREEP MATERIAL (CONT.)

* When coupled with MATEP

MATEP MID FORM YO FID IMPCREEP| WKHARD | METHOD
IMPCREEP| VvMISES

« Choose CREEP parameters

NLMOPTS| CREEP VALCA1 VALC2 VALC3 VALC4

« VALC1 « VALC3

— 0 — Maxwell model

— 1 — visco-plastic creep

« VALC2
— 1 — explicit Kelvin model

— 1 — implicit Maxwell creep or

implicit visco-plastic model

« VALC4
— 0 — elastic tangent (Default)

— 1 — secant tangent

— 2 —radial return

MSGC



EXAMPLE FOR CREEP MATERIAL

 Creep of a Tube
— plane strain QUADA4 Model

— E =21.46 Mpsi /ST —*-—----------*--ﬁ_x

X 7 0.26 in
- v=03 _ . LE ‘ Ly
— Norten Creep y const. pressure
o & — A4 FE04.q 451
€ =4.E-24-0 = 1.9175n >
- Two Steps (nonlinear statics followed by creep)
SUBCASE 1
STEP 1 S static step ( ANALYSIS=NLSTATIC is default )
NLSTEP = 1
SPC = 2
LOAD = 3
STEP 2 S creep step ( also NLSTATIC )
SPC = 2
LOAD = 3
MSC A Software



EXAMPLE FOR CREEP (CONT.)
- Iteration Strategy

NLSTEP ID TOTTIME | CTRLDEF
“GENERAL” | MAXITER | MINITER MAXBIS CREEP
BEGIN BULK
NLOUT 101 CCASTRSS CCRPSTRN EQCRSTRN
NLMOPTS, CREEP,
, LRGSTRN, 1,
, ASSM, ASSUMED
PARAM  PRTMAXIM YES
NLSTEP 1 1.00E-09
GENERAL 40 0 10 0
FIXED 1 1
MECH PV 0. .100E-010.00 PENT 0 3
NLSTEP 2 3.47e6
GENERAL 40 0 10 1|+ Ccreep
ADAPT 5.0E-06 1.0E-12 .500 6 1.50 0 999999
0 .200E-03 1 1 1 .100 10.0
MECH PV 0.00 .100 0.00 PENT -1 3
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EXAMPLE FOR CREEP (CONT.)

 Elements & Materials

20iienn I 4..... .. Suvenn. 6. Teveeo.. 8o 9....... 0
MAT1 1 2.14+7 3
MATVP 1 4.E-24 4.51
PLPLANE 1 1
PSHLNZ 1 1 1 1.0
+ c4 PLSTRN L
CQUAD4 1 1 1 2

MSGC



EXAMPLE FOR CREEP (CONT.)

D25

020

D.15

D.10

D.05

D.00

Results

displ. x at A (in)

98% comes from creep !

step 1: 5.5E-3

step 2: 0.21

time (hours)

total equivalent creep strain

200

400

600

800

1000

s000 V. Mises at A

12000

9000 —

6000 [~

3000

Inc: 538
Time: 3.470e+006

4.151e-002

3.747e-002

3.344e-002

2.940e-002

2.537e-002

2.133e-002

1.729e-002

1.326e-002

B.222e-003

5.186e-003

1.150e-003

total equivalent creep strain

0.000

0.005

0.010

0.015

0.020

0.025

0.030 0.035
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TABLE INPUT FOR NONLINEAR MATERIALS
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TABLES1 AND TABLEST

- TABLES1 (MATS1, CREEP, MATEP, MATG, MATHE, MCOHE)

1

2

3

4

5

6

7

8

9

10

TABLES1

TID

TYPE

x1

y1

X2

y2

x3

y3

-etc.-

“‘ENDT”

— For SOL 400, TYPE denotes the type of the stress-strain curve:
« 1 — stress vs. total strain and
« 2 — stress vs. plastic strain

— For MATS1 Bulk Data entry, only TYPE = 1 can be used. A user fatal error
will be issued if TYPE = 2 is used. For MATEP Bulk Data entry both TYPE =
1 and 2 can be used.

- TABLEST ( MATS1, MATTEP, MATTHE, MCOHE )

TABLEST

TID

T1

TID1

T2

TID2

T3

-etc.-
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TABL3Di
- for MATEP, MATS3/8/ORT, MATHE/VE/VP, VCCT

1 2 3 4 5 6 7 8 9 10
TABL3DO ITID KIND EXTRP ITIDR ITIDS ITIDB SM
X1 Y1 X2 Y2 X3 Y3 X4 Y4
X5 Y5 -etc.-
TABL3D1 ITID NV KIND1 KIND2 KIND3 KIND4 NW1 NW2
NW3 NW4 EXTRP1 | EXTRP2 | EXTRP3 | EXTRP4
ITIDS1 ITIDB1 ITIDS2 ITIDB2 ITIDS3 ITIDB3 ITIDS4 ITIDB4
SM1 SM2 SM3 SM4
X11 X12 X13 X14 X15 X16 ~etc.-
X21 X22 X23 X24 X25 X26 —etc.- Enter if
: NW2>0
X31 X32 X33 X34 X35 X36 _etc.- hisr L
: NW3>0
X41 X42 X43 X44 X45 X46 —etc.- Enter if
: NW4>0
Y1 Y2 Y3 Y4 Y5 Y6 —etc.- See
Remark 1
MSGC A Software’




TABL3DI (CONT.)

TABL3D2 has the same format. However the x data are entered

differently:

— for TABL3D1 the x values are entered one row at a time
— for TABL3D2 the x values are entered one point at a time

Function input

1

2

3

4

5

6

7

10

TABL3D3 ITID NV KIND1 KIND2 KIND3 KIND4 NW1 NW2
NW3 NW4 EXTRP1 EXTRP2 | EXTRP3 | EXTRP4
ITIDS1 ITIDB1 ITIDS2 ITIDB2 ITIDS3 ITIDB3 ITIDS4 ITIDB4
SM1 SM2 SM3 SM4
Formula S5
Remark 3
MSC




TABL3DI (CONT.)

- KIND is the type of independent variable

Table 8-49

Independent Variable Type

1 time 26 z, coordinate 51 wavelength (used in
spectral radiation)
2 normalized time 27 22 3 52 creep strain
Sp = AJXpt+¥ot+Z
3 increment number 28 contact force |F| 53 pressure or primary
quantity in diffusion
4 normalized increment time | 29 contact body | M| 54 equivalent strain rate
5 x coordinate 30 o, (normal stress) 55 normalized arc distance
6 y coordinate 31 voltage 56 distance to other contact
surface (near contact only)
7 z coordinate 32 current 57 terms of series
8 N R 33 [Eufm"lfﬂdiuﬂ'“}z 58 hydrostatic stress
$ S NX Ty T2 radius of throat/
(see throat)
9 B angle 34 Not available 59 hydrostatic strain

See QRG for more
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GUIDELINES & LIMITATIONS
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GUIDELINES FOR NL MATERIALS

- For elasto-plastic materials, Cauchy stress and log strain (true
stress and strain) data is expected

— At large strains, there are significant differences in how the stresses and
strains are defined

- Beware of data extrapolation

— extend the work hardening data sufficiently to cover the entire strain range.
Extrapolation will be used if the range is exceeded.

MSGC A Software’



GUIDELINES FOR NL MATERIALS (CONT.)

- If a perfect plasticity model experiences convergence difficulties,
use a more realistic plasticity model with non-zero work
hardening

— Any material model in which the tangent stiffness is zero or negative will
often cause convergence problems

MSGC A Software’



GUIDELINES FOR NL MATERIALS (CONT.)

- Check the material stability for elastomer materials
— use Patran “Experimental Data Fitting” menu

- When fitting experimental data, engineering stress/strain data is
expected

- Check that the material data covers the entire strain range:
— This can cause “elements inside out” errors

— The analysis may not converge if any part of the model experiences strains
beyond the stability limits of the material

MSGC A Software’
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SECTION 6
ADVANCED NONLINEAR ELEMENTS

NAS400, Section 6, January 2015

Copyright© 2015 MSC.Software Corporation S0

MSGC



OVERVIEW

- Advanced Conventional Elements

- Advanced Composite Elements

« Advanced Incompressible elements
* Nonlinear Connector Elements

* Nonlinear Kinematic Elements

- Additional Results Output

MSGC



SOL 400 - ADVANCED ELEMENTS

SOL400 — What is it?

— MSC Nastran solution sequence that implements MARC nonlinear

‘Advanced’ element and solver technology

— Patran provides ‘seamless’ interface to implementation of Marc elements

« Uses standard Patran forms

« Choosing appropriate choices automatically updates to advanced elements

SOL 400 Onh! Automatic or Blank: Writes PSHLNN/PSLDNn entries if associated to contact body or
plastic material ; Large Strain: forces entries to be written ; Small Strain: forces entries NOT to be
written

\ SOL 400 Only! Automatic or Blank: Writes PSHLNR/PSLDNn entries if associated o contact body or
lasti ial ; Las in: i all Stra i

wwwww

ccccc

CCCCCC




AVAILABLE ELEMENT TYPES

« Advanced Conventional * Nonlinear Connector
Elements Elements
— 1D Elements: ROD, BAR, BEAM — BUSH
— 2D and 3D Solid Elements — WELD and FAST

— Shell Element « Nonlinear Kinematic Elements

« Advanced Composite — RBE1, RBE2, RBE3
Elements — RBAR, RBAR1
— 2D and 3D Solid Composites — RJOINT

— Composite Shell Element

« Additional Results Output Requests for all Advanced Nonlinear
Elements

MSGC A Software’



ADVANCED ELEMENT TYPES

- The terminology ‘Advanced Elements’ indicates that SOL400 uses
elements of greater capability than ‘Standard’ MSC Nastran
elements in other solution sequences

- Typically this means large displacement and large strain
— Large displacement does not require large strain (think fishing pole™)
— Large strain, on the other hand , typically does require large displacement
— Large strain typically requires more complicated material models

- If large displacement/large strain capabilities are turned off these
elements reduce to ‘standard’ element capabilities (i.e. large
displacement /large strain are not required for the use of these
elements)

- Remember, with large deformation/large strain activated the
solutions will be nonlinear and require iterative solutions — longer
run times!

MSGC A Software’



WHAT ELEMENT IS THE ‘RIGHT’ ELEMENT?

200+ element types to chose
from

Practical experience shows
that a very small subset of
the full element library
accounts for most analyses

In most cases the model
element types -
bar/shell/solid — will reduce
the users options down to
just a few element choices

Images on these pages are
from Mentat but these are

w2

B =0 soiic Structural Element Types

B ¢ -

Analysis Class | Structural

Tetra Penta Hex

=3 10 [ 15 8 20 12 27
Full Integration 134 | 127 | 136 | 202 i 21 107 108
Full & Herrmann Formulation 157 130 34 35
Full & Assume d Strain 134 |
Reduced Integration 117 57
Reduced & Herrmann Formulation 120 61
Rebar 146 23

f Ok

[ =0 solid Composite Structural Element Types |

Analysis Class | Structural

Penta Hex

selected in Patran as well oo

nalysis Class

by choosing appropriate
options

Gap/Friction Link

Bushing

Cavity Surface Element

m Element Types B =l
— . Composite [Gasket 149 150
Analysis Dimension
OK
3D fuak
Salid I ;-0 soiid sneil Strucurst Blement T
: : Analysis Class | Structural
Solid Composite/Gasket :
ﬁ Penta  Hex
Solid Shell 6 15 8 20
Solid Shell
Interface i
QK
ShellMembrane
I 3-D nterface Structural Element Types & |
Truss/Beam =
Analysis Class | Structural
Miscellaneous Penta e
—
Clear |[C] IDTypes [[] ID Clgfses s 2
Interface 192 | 193 || 188 | 189
Ok oK
I -0 sheliMembrane Structursl Element Types =
Analysis Class | Structural
Tria Quad
. i 3 6 4 8
I :-0 Line= Structural Elsment Types [ R 75| »
Analysis Class | Structural Thick Shell - Reduced Integration 140
2 Line Thin Shell 138 | 49 | 139 | 72
2 3 Membrane 158 200 18 30
Structural Truss 3 64 Membrane Rebar 1497 | 148
Line Tz Quad Thin Elastic Beam 5 Shear Panel 63
2 =
Thick Elastic Beam a3 OK
12
Closed Section Beam 14
173 174
Cloged Section Beam With Var. Axial Strain 25
135
Closed Section Beam 78 76
OK
Open Section Beam With Warping 79 77
Cable 51
Elbow 31
. MSC A Software




A SIDE NOTE: ELEMENT DIMENSION

- Patran terminology ol | @&\ =] | Q
— 0D/1D/2D/3D refer to element topology gid (sdsarthosiiiimn L
« 0D elements - point elements
- 1D elements - line elements e .
« 2D elements - shell or planar solids |,izytr v
— axisymmetric/plane strain/plane stress =T
- 3D elements - solid elements —
* MARC terminology e —
— 2D/3D refers to analysis ‘space’ [

« 3D are elements that have degrees of freedom (DOFs) that allow motion in x, v,

and z directions (and sometimes rotX, rotY, and rotZ)
« 2D elements are limited to motion in specific planes:

— Axisymmetric — all results limited to motion in global XY plan with the assumption that the
models are solids of revolution about the global X axis and Y representing the radial

direction

— Planar — plane stress/plane strain — all deformation limited to global XY plane

MSGC



ADVANCED ELEMENT TYPES

The choice of element types is generally dictated by the
application, i.e. bar, shell, solid, etc.

For each element type, the unique combination of ‘Behavior’ and
‘Integration’ options dictates which element type will be used

The most common Integration options include:
— Linear

— Quadratic

— Cubic

— Linear/Reduced Int/Hourglass

— Quadratic/Reduced Int

Behavior is dictated by the element type and includes:

— Bar — Doubly Curved Thick or Thin Shell
— Rod — Composite
— Beam — Plane stress/strain

— Membrane — Solid

MSGC A Software’



ADVANCED ELEMENT TYPES

Specification of the Integration and Behavior types is provided to
SOL400 on the supplemental property entries:

PRODN1 (1D elements)
PBARN1 (1D elements)
PBEMN1 (1D elements)
PSHLN1 (2D shell elements)

PSHLNZ2 (2D solid elements — plane strain, plane stress, axisymmetric)

PSLDN1 (3D solid elements)
More available but these are the most commonly used

MSGC



ENHANCED INPUT FOR 1D

Standard MSC Nastran
SOLution sequences

PROD |or| PBAR(L) | or |PBEAM(L)| ==

MAT1
PROD
J MATS1 (nlelast + plastic)
PBAR
(not effective)
PBEAM

(plastic hinge)

Enhanced SOL400 Sequence

PRODN1 | or | PBARN1 | or | PBEMN1

MAT1

4

MATS1

4

MATEP

4

MATVE

4

MATVP

4

MATF

MSGC A Software’




ENHANCED INPUT FOR SHELLS

Standa_rd MSC Nastran Enhanced SOL400 Sequence
SOLution sequences
= PSHLN1
PSHELL or| PCOMP(G)
MAT1 MAT2 MATS MATHE
> MAT1 |«
» MATS1
> MAT2 |«
» MATEP | —{ MATEP | — MATEP
> MAT8 |«
» MATVE | [—{ MATVE | = MATVE | '»{ MATVE
MAT1 » MATVP » MATVP
YR » MATF | Lo| MATF | b mATF
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ENHANCED INPUT FOR 2D SOLIDS

Standa_rd MSC Nastran Enhanced SOL400 Sequence
SOLution sequences
= PSHLN2
PLPLANE
MAT1 MATHE
MAT1 > MATS1 j| MATS
MATHP » MATEP
» MATVE » MATVE
» MATVP
» MATF

MSGC A Software’



ENHANCED INPUT FOR 3D SOLIDS

Standard MSC Nastran
SOLution sequences

PSOLID

MAT1 MAT9

A 4

MATSA1

Enhanced SOL400 Sequence

y

y

y

y

y

= PSLDN1
M/:\:T1 M/:\:TQ MA:;'ort MA:I"HE Ml-;TG
MATS1 »MATSort
MATEP | — MATEP | — MATEP
MATVE | — MATVE | — MATVE | "= MATVE
MATVP | — MATVP | — MATVP
MATF | "> MATF | "> MATF

MSGC




ADVANCED ELEMENT TYPES

- Typical supplemental property entry, this one for PSOLID, the
PSLDN1 from the MSC Nastran QRG showing specification of
Behavior and Integration

Format:
1 2 3 4 5 6 7 8 9 10
PSLDN1 PID MID DIRECT ANAL

“c4” | BEH4 | INT4
“C6” | BEH6 | INT6
“c8” | BEHS | INTS

“C10" | BEHI0 | INTIO

“C15" | BEHIS | INTI5

“C207 10 NT20

e BEHi (behavior) and|INTi (integration type)

Structural Classification of Elements

Element Structural Integration
Type BEHi CODE Code ElementType # Nodes L Linear

BEH4H | INT4H
BEH6H | INT6H
BEHSH | INT8H
‘ BEH10H | INTT0H
‘ BEHI15H | INT15H
BEH20H | INT20H

SOLID SOLID HEX LRIH Linear Reduced Integration Hourglass control (assumed strain)
Q HEX ASTN Assumed STraiN enhanced formulation solid shell
QRI HEX 7() -
LRIH HEX 8 Q Quadratic
Q _[ h_l 10 QRI Quadratic Reduced Integration
LRIH I'ET 10
L TET 4
L PEN 6
Q PEN 15
Solid continumn composite SLCOMP L 1EX 8
ASTN* EX 8

N\
Underline indicates default — for 8 node hex the
default behavior is Linear integration/Solid Behavior
MSC A Software



ADVANCED ELEMENT TYPES

Selection of the Integration and Behavior specifications can
easily be controlled from within Patran, no manual editing of input

file required
Can also be specified via manual editing

In this example the user has requested reduced
integration/Solid Behavior

% Elements and Element PerertiKear/fDr region : =olid
1 1 n
PSLDN1 bt

L
< 8 SOLID LEIH >
§ P=et: "= ¥ f Tted az: "psolid.l”
1 1 1 2 [ g 17 18
22 21
1 PLASTICZ  4+6 1 1 io0000.
1 3 +7 .3 7.3-4

olx|

Element Properties
Object

Sets By: E

*
Property Set Name
Options:
IRB«iu ced Integration Vm

I Input Properties ... J

I Select Application Region ... J

Apply
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SPECIAL CASES OF NONLINEAR ELEMENTS
- CQUADR/CTRIAR

- Advanced Composite elements
« Connectors

 Kinematic Elements

MSGC



NONLINEAR QUADR / TRIAR

CQUADR/CTRIAR elements are enhancements to the standard
workhorse CQUAD4/CTRIA3 elements

Add in-plane rotational stiffness to avoid the issue of zero
stiffness in that direction for CQUAD4/CTRIA3 elements

Generally considered more accurate than CQUAD4/CTRIA3

QUADR/TRIAR elements have been extended to nonlinear static
and transient analysis for SOL 400

Benefits:

No K6ROT necessary
MOMENTs and SPC normal to plane rotations can be applied

The membrane performance of QUADR/TRIAR is superior to that of
QUAD4/TRIA3

For material nonlinear analysis, 4 (QUADR) or 3 (TRIAR) in-plane
integration points are used. This will give better results.
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NONLINEAR QUADR / TRIAR

- Benefits (cont.):
— Green strains are implemented
— The stress output location can be either corner or integration points

- Type of analyses:

— Material nonlinear analysis — the material models are elastoplastic and
nonlinear elastic
— Geometric nonlinear analysis — PARAM, LGDISP,1
— Geometric nonlinear analysis for temperature dependent composites
- PARAM, COMPMATT, YES
« PARAM, EPSILONT, SECANT or INTEGRAL
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NONLINEAR QUADR / TRIAR

« There are two methods to compute the out of plane shear
stiffness:

— The stiffness method — new method implemented for QUADR
— The flexibility method — the method used in QUAD4

- These methods can be selected by the user with MDLPRM,
QRSHEAR, n

— n=0, use the stiffness method if MID3#0 on PSHELL entry and use the
flexibility method if MID3=0. This is Default.

— n=1, use the flexibility method
— n=2, use the stiffness method

MSGC



NONLINEAR QUADR / TRIAR

 Green strain

— Green strain is implemented for QUADR/TRIAR. It can be requested by
MDLPRM, GNLSTN, n

— n=0, Small strain. Default
— n=1, Green strain

- Stress output locations

— For QUADR/TRIAR, the stress/force output locations can be either at the

corner points or at the integration points. User can select the output location
by MDLPRM, INTOUT, n

* n=0, corner point output. Default
* n=1, integration point output

MSGC A Software’



NONLINEAR QUADR / TRIAR

- An option is provided not to compute the differential stiffness by
MDLPRM, NLDIFF, n

— n=0, compute the differential stiffness / follower force stiffness (default)
— n=1, do not compute the differential stiffness

* Please note, the differential stiffness / follower force stiffness can
be deactivated and the solution will still be correct

- Limitations:
— No CREEP, creep material
— No MATHP, hyperelastic material like rubber

MSGC A Software’



ADVANCED COMPOSITE ELEMENTS
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INPUT FOR 2D COMPOSITES

- 2D Composites used for cross-sectional analyses - plane strain,

or axisymmetric - with layered properties

— Only applicable to SOL400

— Unique in that it replaces (not supplements) a linear property entry

PLCOMP — property for 2D composite

Format:
1 2 3 4 5 6 10
PLCOMP| PID DIRECT | THICKOP SB ANAL
“C4 BEH4 INT4 BEH4H INT4H
(8" BEHS INTS BEHSH INTSH
ID1 MIDI T1 THETA1
D2 MID?2 12 THETA2

-etc-

MSGC A Software’



INPUT FOR 2D COMPOSITES
- BEHi (behavior) and INTi (integration type)

Implicit Structural Classification of Elements

Element Structural Integration Element
Type BEHi CODE Code Type # No

des
Plane Strain composite COMPS L QUAD
Q QUAD g
Axisymmetric composite AXCOMP L QUAD 4
Q QUAD 8

INT CODE | Integration Type

L

Linear

Q

Quadratic

MSGC
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INPUT FOR 2D COMPOSITES
- MID (materials) and DIRECT (layer orientation)

Implicit Structural Materials

MAT1 MAT3 MATORT
MATVE <MATVE> <MATVE= MATVE
MATVP MATVP MATVP
MATEP MATEP MATEP
MATF MATF \‘\? MATF
MATS1 Go MATSORT ?'5
MATM ot MATM GO“\
o
Normal to Layer | Layers run parallel from edge to edge
DIRECT edge (ply numbering starts here) (ends here)
1 Element Y direction G1-G2 G4-G3
2 Element X direction G1-G4 G2-G3

MSGC



INPUT FOR 2D COMPOSITES
- Meaning of DIRECT (layer orientation)

4 3 4 3
layer 3 X, - ~ - *
layer 2 o o o Ob‘\

T y T > > > \)?‘

layer 1 = = = GO'

1 —_ 2 1 - 5 2

xm
DIRECT = +1 or -1 DIRECT = +2 or -2

DIRECT >0 - fractional layer thickness
<0 — absolute layer thickness

MSGC A Software’



INPUT FOR 2D COMPOSITES

 Former 2D Test Case also applied here

BEGIN BULK - :
CH 20, 3. 4., 5. 6. T, 8. 9. 0 plane strain
MATORT 1 100000. 100000. 100000. 0.3 0.3 0.3 - 2 plies for

+ 38461.5 38461.5 38461.5

MATEP 1 500. oy sar_ne num_ber
PLCOMP 10 1 10. of integration
+ c4 COMPS points

+ 1 1 0.5 0.0

; 5 1 0.5 0.0 MATORT for
CQUAD4 101 10 1 2 3 4 demo

STRESSES AND STRAINS F OR LAYERED COMPOSITE ELEMENTS

ELEMENT INTEG. --—--—————————— STRESSES & STRAINS ——--——mmmmmuu
ID PLY ID POINT ID Ssl1l1 S22 S33 S12 sS23 S31
1 1 1 -2.870E+02 -1.924E-03 -1.667E+02 -5.145E-14 0.000E+00 0.000E+00
-2.370E-03 1.361E-03 -8.065E-04 -1.338E-18 0.000E+00 0.000E+00
2 -2.870E+02 -1.924E-03 -1.667E+02 1.111E-13 0.000E+00 0.000E+00 stresses the same,
-2.370E-03 1.361E-03 -8.065E-04 2.889E-18 0.000E+00 0.000E+00 i
2 1 -2.870E+02 -1.924E-03 -1.667E+02 -8.686E-14 0.000E+00 0.000E+00 strains are the
-2.370E-03 1.361E-03 -8.065E-04 -2.258E-18 0.000E+00 0.000E+00
2 -2.870E+02 -1.924E-03 -1.667E+02 7.393E-14 0.000E+00 0.000E+00 . .
-2.370E-03 1.361E-03 -8.065E-04 1.922E-18 0.000E+00 0.000E+00 elastic strains.

to request the total strains NLOUT has to be used q
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INPUT FOR 3D COMPOSITES

- 3D Composites used for solid (i.e. HEX element) representation
with layered properties

« PCOMPLS - property for 3D Composite
— Unique in that it replaces (not supplements) a linear property entry

Format:
1 2 3 4 3 6 10
PCOMPLS P1D DIRECT | CORDM SB ANAL
“C8” BEHS INT8 | BEH8H | INT8H
“C20" | BEH20 | INT20 | BEH20H | INT20H
D1 MID]1 11 THETAI
D2 MID2 T2 THETA2
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INPUT FOR 3D COMPOSITES
- BEHi (behavior) and INTi (integration type)

Structural Classification of Elements

Element Integration

Structural Type | BEHi CODE Code Element Type

Solid continuum SLCOMP L HEX
. ASTN* HEX
composite 0 HEX

# Nodes

*Only DIRECT=1 is allowed
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INPUT FOR 3D COMPOSITES
- MID (materials) and DIRECT (layer orientation)

Implicit Structural Materials

TINE MAT9 MATORT m

MATVE <MATVE= “MATVE>
MALVP MATVP MATVP
MAIEP MATEP MATEP
MATF MATF MATE
MATSI MATSORT
MATM MATM

MAIVE

Layer orientation

Layers run parallel from face

to face

DIRECT | Normal to Layer Plane

Element T direction

G1-G2-G3-G4

(ply numbering starts here)

(ends here)
G5-G6-GT7-G8

Element R direction

G1-G4-G8-G5

G2-G3-G7-G6

Element S direction

G1-G2-Go6-G35

G4-G3-G7-G8
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INPUT FOR 3D COMPOSITES

- Meaning of DIRECT (layer orientation)

8
T 5
layer 3
T layer 2
layer 1
1
DIRECT = *1

7

\ o

8 7
6
- N ™
o o o
> > >
) ) L) 3
——— 7 R 2
DIRECT = *2
S 7
—W
6 ™
ANN| -
‘-hg
3]
"3 DIRECT=*3
2
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INPUT FOR 3D COMPOSITES
- Example for PCOMPLS - solid HEX8

BEGIN BULK

Sccoocooo 20, 3., 4.0, 5....... 6. Teeeoo.. 8....... 9ccccooe 0

MATORT 1 100000. 100000. 100000. 0.3 0.3 0.3

+ 38461.5 38461.5 38461.5 .
MATEP 1 200. 1000. same model as previous
PCOMPLS 1 1

N s sicomp L PSLDN1 example
+ 1 1 0.5 0.0

+ 2 1 0.5 0.0

CHEXA 101 1 1 2 3 4 5 6

+ 7 8

STRESSES AND STRAINS F OR LAYERED COMPOSITE ELEMENTS

ELEMENT INTEG. ---——==--===--—- STRESSES &§ STRAINS —————-------——
ID PLY ID POINT ID s11 S22 s33 s12 s23 s31
1 1 1 -2.772E+02 -3.792E-04 -3.792E-04 7.837E-14 -3.707E-14 7.723E-14

-2.772E-03 8.317E-04 8.317E-04 2.038E-18 -9.637E-19 2.008E-18
2 -2.772E+02 -3.792E-04 -3.792E-04 -9.877E-14 -3.631E-15 -3.535E-14
-2.772E-03 8.317E-04 8.317E-04 -2.568E-18 -9.440E-20 -9.190E-19 stresses the
3 -2.772E+02 -3.792E-04 -3.792E-04 1.247E-13 -8.523E-14 -5.593E-14
-2.772E-03 8.317E-04 8.317E-04 3.242E-18 -2.216E-18 -1.454E-18 same,
4 -2.772E+02 -3.792E-04 -3.792E-04 -5.422E-14 -4.472E-14 -9.106E-14 .
-2.772E-03 8.317E-04 8.317E-04 -1.410E-18 -1.163E-18 -2.367E-18 strains are the
2 1 -2.772E+02 -3.792E-04 -3.792E-04 6.552E-14 4.256E-14 8.577E-14 - -
-2.772E-03 8.317E-04 8.317E-04 1.703E-18 1.107E-18 2.230E-18 elastic strains.
2 -2.772E+02 -3.792E-04 -3.792E-04 -4.464E-14 1.240E-13 -1.435E-14
-2.772E-03 8.317E-04 8.317E-04 -1.161E-18 3.225E-18 -3.732E-19
3 -2.772E+02 -3.792E-04 -3.792E-04 9.989E-14 .898E-14
-2.772E-03 8.317E-04 8.317E-04 2.597E-18 4.503E-19 -4.935E-19
4 -2.772E+02 -3.792E-04 -3.792E-04 -1.330E-14 5.600E-14 -4.757E-14
-2.772E-03 8.317E-04 8.317E-04 -3.457E-19 1.456E-18 -1.237E-18

RPOBRWREREMN
~
w
N
=
|
[
S
|
[y
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INPUT FOR 3D COMPOSITES
- Example for PCOMPLS - solid shell HEX8

BEGIN BULK
8. oooooo 2 3. ..., 4....... 5....... Oeieeenns Teeeene.. B8even. 9. .. ... 0
MATORT 1 100000. 100000. 100000. 0.3 0.3 0.3
+ 38461.5 38461.5 38461.5
MATEP 1 200. 1000.
PCOMPLS 1 1
+ C8 SLCOMP ASTN
+ 1 1 0.5 0.0
N 5 1 0.5 0.0 same model as
CHEXA 101 1 1 2 3 4 5 6 for PSLDN1
+ 7 8
STRESSES A ND STRAINS F OR LAYERED COMPOSITE ELEMENTS
ELEMENT INTEG. -—--—-————=-——- STRESSES & STRAINS ————-——-——-———-
ID PLY ID POINT ID si1 s22 s33 s12 s23 s31
1 1 1 -2.772E+02 -3.792E-04 -3.792E-04 1.828E-14 -1.426E-14 -8.839E-14 stresses the
-2.772E-03 8.317E-04 8.317E-04 4.753E-19 -3.709E-19 -2.298E-18
2 1 -2.772E+02 -3.792E-04 -3.792E-04 2.960E-14 -2.105E-14 -9.214E-14 same,
-2.772E-03 8.317E-04 8.317E-04 7.697E-19 -5.473E-19 -2.396E-18 -
strains are the

elastic strains.
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COMPOSITE SHELL ELEMENTS

- Composite shells - most commonly used FEA representation in
aerospace type structures

« For nonlinearlinear must, in addition to standard PCOMP(G), must
supplement data with PSHLN1 (behavior — same as in above
discussion of PSHELL) and PCOMPF (integration control) entry:

1 2 3 4 5 6 7 8 9 10
|PL’.‘O.\-IP]’- | INT | PID1 THRU PID2 BY N

Alternate Formats:

1 A 3 4 5 6 7 8 9 10
PCOMPF \ INT) PID PID PID1 THRU PID2 PID3 THRU
et PID5 TO PID6 PID PID PID PID7
THRU PIDS BY N
1 2 3 4 5 6 7 8 9 10
e [ ™ T [ [ T T [ T ]

INT=1 (Default), conventional through the thickness integration of each layer, allows all
available material behavior through the thickness.

INT=2, linear elastic material, fast-integrated through the thickness - thermal strains and
temperature dependent material properties are not allowed.

INT=3, linear elastic material, fast integrated through the thickness.
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COMPOSITE SHELL ELEMENTS
- Example for PCOMP(G) showing PSHLN1 and PCOMPF

q

BEGIN BULK

PARAM LGDISP 1

MBI ACEL NI Al for quadratic shear calculation

I TSHEAR TSHEAR

S.vinnn. 2. .. 3., 4., .. ... 5eiinnn. 6. T, 8., 9. 0

MATS 1 140000. 12000. 0.26  5800.  5400.  5400. 1.5-9

MATF 1 0 100.

4 CRI 1 2000. 1500. 70 . 230 .

S R

PCOMP 1 100. STRN SYM

+ 1 0.5 90. YES

+ 1 0.5 0. YES

+ 1 0.5 90. YES

+ 1 0.5 0. YES

+ 1 0.5  90.  YES Same model as for

+ 1 0.5 0. YES PSHELL.:

+ 1 0.5 90. YES .
4 ] 0.5 0. YES U.x = 36.8 against 36.7 mm
(BCOMPE 2 1> weight = 12 against 13.5 kg
PSHLNI1 I 1 1
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ADVANCED INCOMPRESSIBLE ELEMENTS

Incompressible elements are generally used to model
incompressible materials such as rubber

Three advanced incompressible elements are available in SOL400
— TRIA3 plane strain element

— TRIA3 axisymmetric element

— TET4 solid element

Those elements are specified by the Behavior types on the
supplemental property entries

— IPS on PSHLN2 for TRIA3 incompressible plane strain element
— IAX on PSHLNZ2 for TRIA3 incompressible axisymmetric element
— ISOL on PSLDN1 for TET4 incompressible solid element
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NONLINEAR CONNECTOR ELEMENTS

- Types available in SOL400
— BUSH
— WELD/FAST

— Kinematic:
« RBAR
« RBAR1
« RJOINT
 RBE1
- RBE2
- RBE3
« RTRPLT
- RTRPL1
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CONNECTOR ELEMENT - BUSH

- BUSH element is a generalized spring-damper element used to
model everything from special connectors to gap elements

— Large rotations are included
— FUSE capability can be used to model bearing failure in rotor dynamics
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CONNECTOR ELEMENT - BUSH

Format:
1 2 3 4 5 6 7 8 9 10
CBUSH EID PID GA GB GO/X1 X2 X3 CID
S OCID S| S2 S3
+
PBUSH PID “K” K1 K2 K3 K4 K5 K6
“B B1 B2 B3 B4 B3 B6
“GE” GEl GE2 GE3 GE4 GES GE6
“RCV™ SA ST EA ET
+-
PBUSHT [ PID “K* [ TKID1 | TKID2 | TKID3 [ TKID4 | TKID5 | TKID6
B TBIDI | TBID2 | TBID3 | TBID4 | TBID5 | TBID6
“GE” [ TGEID1 [ TGEID2 | TGEID3 | TGEID4 | TGEIDS | TGEID6
“KN” | TKNIDI | TKIND2 | TKNID3 | TKIND4 | TKIND5 | TKIND6 A
FDC FUSE DIR | OPTION | LOWER | UPPER ‘\5%
FRATE | LRGR K
N
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CONNECTOR ELEMENT - BUSH

- Large Rotation Option
— Controlled using LRGR flag on the PBUSHT entry
— For the axial BUSH element’ LRGR is ignored
— For BUSH defined using a coordinate system CID or an orientation vector v

— LRGR=0 (Default): the element coordinate system is rotated with the
rotation of grid A for both the CID and the v vector

— LRGR=1: will suppress large rotation at end A. The initial CID and the v
vector will remain unchanged

— LRGR=2: a mid-increment method is used to rotate the element system for
the v vector

") grids A and B are non-coincident and vector v nor CID are specified
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CONNECTOR ELEMENT - BUSH

« Fuse option, with following entries on PBUSHT

— FDC, force-deflection curve rule
* NR: all directions are independent (default)

« TRXY, TRXZ or TRYZ: radial dependence, useful for radial bearings. For
example, the force results from the length of ux and uy times K1.

« TS: spherical dependence. The force results from the length of ux+ uy+ uz times
K1.

— FUSE

 0: no fuse (default)

« 1: associated elements are deactivated if failure criterion is met, elements remain
for post processing only

« 2: associated elements are deactivated if failure criterion is met, elements are
removed from post processing
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CONNECTOR ELEMENT - BUSH

- Fuse option (cont.)

— DIR, fuse direction
 0: any direction can fuse, same as 123456
 1-6: directions which can fuse (like SPC input)
— OPTION, failure mode
« ULTLD for load
« RELDIS for displacement
— UPPER/LOWER, failure limits
« depending on OPTION a load or displacement limit
— FRATE, fraction for stiffness scaling to avoid sudden zero (default=1.-5)
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CONNECTOR ELEMENTS - WELD / FAST

- WELDs and FASTs are elements designed for the connection of
shells

— Applications are spot welds and fasteners
— WELD is a BEAM element
— FAST is a BUSH element e ol

— Both elements are connected to the shells by internally-ﬁc-:&'r‘é" ed
elements, i.e. do not require a node to node connection

— Allows that the mesh does not have to have a node corresponding to the
weld location on the components to be fastened

— Both elements can undergo large rotations

— The WELD element can have all nonlinear materials allowed for
BEAM(PBEAM) elements
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CONNECTOR ELEMENTS - WELD / FAST

- Example for the WELD
Element

— Weld element 1 is connecting 4

elements on each side in this
case

— Pressure on upper plate (1 .+3)z

BEGIN BULK

PARAM LGDISP 1

CWELD 1 11 100 PARTPAT
i 100 200

PWELD 11 10

S

PSHELL 100 10 .1 10
CQUAD4 1000 100 1000 1001
PSHELL 200 10 .1 10
CQUAD4 4005 200 5006 5007
MAT1 10 3.+7 1.153+7 0.3

R 4 connector diameter

.833333
0.

.833333
0.

0.

0.

2.5x2.0x0.1
E=3E7
v=0.3
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CONNECTOR ELEMENTS - WELD / FAST
* Results for WELD Example

0 SUBCASE 1 STEP 1

LOAD STEP = 1.00000E+00
DISPLACEMENT VECTOR

POINT ID. TYPE Tl T2 T3 R1 R2 R3
5030 G 1.445504E-02 -1.584998E+00 -2.640457E+00 -1.381116E+00 -1.278003E-01 9.589864E-02

\

without GNL WELD (MD R2.1)

this value would be -2.44

0 SUBCASE 1 STEP 1
LOAD STEP = 1.00000E+00
FORCES IN WEULD ELEMENTS (CWEULD)
STAT DIST/ - BENDING MOMENTS - - WEB SHEARS - AXTAL TOTAL WARPING
ELEMENT-ID GRID LENGTH PLANE 1 PLANE 2 PLANE 1 PLANE 2 FORCE TORQUE TORQUE

0 1
101000001 0.000 -8.839650E+02 2.412787E+03 3.064666E+02 -3.020579E+02 -4.963424E+03 -6.540462E+02 0.0
101000002 1.000 -9.605817E+02 2.488301E+03 3.064666E+02 -3.020579E+02 -4.963424E+03 -6.540462E+02 0.0

t /

7

: . . This value meets top plate area
these grid points are the grids A and B (2.5x2.0) times pressure (1E3).

?;i?,;"&&.‘;’f.‘)"y created BEAN Without GNL WELD it would be far
off (-1502.2).
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CONNECTOR ELEMENTS - WELD / FAST
« Results for WELD Example (Cont.)

STRA

/
SXC

-5.445103E-04
2.348792E-04

STRES

/
SXC

7.711506E+03
9.235746E+03

QUAD4
QUAD4
QUAD4
QUAD4
RBE3

LOAD STEP = 1.00000E+00
STAT DIST
ELEMENT-ID GRID LENGTH
1
101000001 0.000
101000002 1.000
LOAD STEP = 1.00000E+00
STAT DIST
ELEMENT-ID GRID LENGTH
1
101000001 0.000
101000002 1.000
LOAD STEP 1.00000E+00
(]
(]
3002 2001
3002 2002
3002 3001
3002 3002
3002 100001004
3002

X

*TOTALS*

INS IN WEULD

SXD SXE

-1.928071E-03 -1.137843E-04
-1.978735E-03 -8.931737E-04

S ES IN WEULD

SXD SXE

-5.787528E+04 -2.746034E+04
-5.937759E+04 -2.898458E+04

RID

1.084012E+03
.773187E+02
1.340506E+03
.472552E+03
2.550272E+01
1.497325E-01

POINT

-1

-1

FORCE

.374482E+03
.014899E+03
.484548E+03
-7.
.790153E+02
.466715E-01

252704E+02

ELEMENTS

SXF

1.269777E-03

ELEMENTS

SXF

-8.
=il
.786337E+02
.445563E+02
=3
=il

BALANCE

756651E+02
177605E+02

152349E+01
759053E+00

this is one of 8 newly created grid points which not directly belong to

WELD

SUBCASE 1 STEP 1
(CWELD)
S-MAX S-MIN M.S.-T M.S.-C
1.269777E-03 -1.928071E-03
1.320440E-03 1.320440E-03 -1.978735E-03
SUBCASE 1 STEP 1
(CWELD)
S-MAX S-MIN M.S.-T M.S.-C
3.812645E+04 3.812645E+04 -5.787528E+04
3.962876E+04 3.962876E+04 -5.937759E+04
SUBCASE 1 STEP 1
4.998597E+02 -1.588867E+02 1.458691E+02
4.968433E+02 1.249129E+02 -1.175040E+02
-4.930043E+02 -1.708182E+01 7.086414E+01
-5.036438E+02 5.055989E+01 -9.921779E+01
0.0 0.0 0.0
5.487696E-02 -4.957646E-01 1.150136E-02
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NONLINEAR KINEMATIC ELEMENTS

* Nonlinear Kinematic Elements are the rigid elements with
Lagrange formulation used in geometric nonlinear analysis of
large rotation
— These include RBAR, RBAR1, RJOINT, RBE1, RBE2, RBE3, RTRPLT, and

RTRPL1

- Type of elements that can be combined with the kinematic
elements:
— CBEAM, CQUAD4, CQUADR, CTRIAS, and CTRIAR
— CHEXA, CPENTA, CTETRA (4 and 10 nodes)

— CBAR and CSHEAR, which are converted into CBEAM and CQUAD4 by
the Bulk Data entry:
- MDLPRM, BRTOBM, 1, SHRTOQ4, 1
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NONLINEAR KINEMATIC ELEMENTS

« Implemented in SOL 400 only. User fatal error issued if used in
SOL 106 or 129

— Implemented in both nonlinear static and transient analyses

- This type of element becomes linkage if any dof is released

— Appropriate constraints must be supplied, otherwise the structure model will
be singular and the solution diverges
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NONLINEAR KINEMATIC ELEMENTS

Benefits:

The kinematic elements can be combined with shell, beam, and solid
elements

Differential stiffness are computed to facilitate convergence of the solution

Appropriate scale factors for Lagrange multipliers and penalty functions are
computed automatically

Allow thermal load to be used with the kinematic elements
Both force and GPFORCE outputs available for output
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NONLINEAR KINEMATIC ELEMENTS

- Thermal effects are computed if thermal load is requested
— ALPHA field on the Bulk Data entry must be supplied

« Outputs:
— Element force is requested by the Case Control command MPCFO
— The GPFORCE output is requested by the GPFO Case Control command
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NONLINEAR KINEMATIC ELEMENTS

- The scale factors for Lagrange multipliers and penalty functions
are computed automatically based on:

— the geometry of the kinematic elements
— the average magnitude of the stiffness matrix

- PARAM, LMFACT and PENFN will overwrite the computed default
values for the stiffness portion

« Case Control command RIGID=LINEAR can be used to request
the corresponding linear rigid elements instead of the NL
kinematic elements
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NONLINEAR KINEMATIC ELEMENTS
- Example for RJOINT

Format:
1 2 3 4 5 6 7 8 9 10

RIOINT EID GA GB CB
Example:

RIOINT 3 1 2 12345

Field Contents

EID Element identification number. (Integer > 0)

GA, GB Grid point identification numbers. (Integer > 0)

CB

Component numbers in the global coordinate system at GB. These degrees-of-
freedom are constrained to move with the same degrees-of-freedom at GA. See

Remarks 4. and 5. (Integers 1 through 6 with no embedded or blank.)
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NONLINEAR KINEMATIC ELEMENTS

« An RJOINT can be:
— Spherical joint - A spherical joint is a mechanical joint that rotates freely
about all three axes. All rotational degrees of freedom released, ||

i.e. CB = 123.
— Hinge - A hinge is a mechanical joint that rotates freely about one axis of
the local coordinate system. One rotational degree of freedom released,

i.e., CB = 12356, 12346, or 12345.

— Universal joint - A universal joint is a mechanical joint that rotates fréely in
two axes. Two rotational degrees for freedom released,

l.e., CB = 1234, 1235, or 1236. 0
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NONLINEAR KINEMATIC ELEMENTS

« An RJOINT can be (cont.):

— Prismatic joint - A prismatic joint is a mechanical system with two blocks
that are constrained to have the same rotations, but translate relatively with
each other along a local axis,

i.e., CB = 23456, 13456, 12456. 1

— Cylindrical joint - A cylindrical joint is a mechanical system that allows two
grid points have relative translation along a moving axis and relative rotation
about the same axis,

i.e. CB = 2356, 1346, 1245. .
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GENERAL GUIDELINES FOR SELECTING ELEMENTS

Choose quads over tris
Choose bricks over wedges

Avoid low order tetrahedral elements wherever possible
— The element exhibits slow convergence with mesh refinement
— This element provides accurate results only with very fine meshing

— This element is recommended only for filling in regions of low stress
gradient in meshes of Hex8 elements, when the geometry precludes the
use of Hex8 elements throughout the model

For tetrahedral element meshes the second-order element should
be used

Tet10s perform similar to hex8s in accuracy

Full integration, first order elements in conjunction with the
assumed strain procedure work well for most applications

Use low order quads and hexes with assumed strain with reduced
integration if the mesh is refined, of high quality and will not
deform very badly
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GENERAL GUIDELINES FOR SELECTING ELEMENTS

- Use 2nd order reduced integration quads and solids if the mesh is
coarse

- Don’t use 2nd order elements if there are gaps in the simulation —
the sign reversal between corner and mid-side nodes will cause
failure

- Contact fully supports lower and higher order elements

- During plastic deformation, metals exhibit incompressible
behavior

— The incompressible behavior can lead to certain types of elements being
over-constrained

— This leads to an overly stiff behavior (volumetric locking)
— Turn ON the “Constant Dilatation” option to correct for this
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GENERAL GUIDELINES FOR SELECTING ELEMENTS

During hyper elastic deformation, rubbers exhibit incompressible
behavior

— The incompressible behavior can lead to certain types of elements being
over-constrained

— This leads to an overly stiff behavior (volumetric locking)
— Use the corresponding Hermann element to correct for this

Second order elements are susceptible to volumetric locking
when modeling incompressible materials

— In general, avoid using them when modeling hyper-elasticity and plasticity
For large strain analyses, lower-order elements are recommended

Second order elements should be used with caution above 20%
strain
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ADDITIONAL RESULTS OUTPUT
« NLMOPTS - Nonlinear Multiple Options

NLMOPTS

Specifies nonlinear material optional schemes in SOL 400. Extends to matenal options. property options

MNonlinear Multiple Options

including property mapping, boundary condition options.

Format:
1 2 3 4 5 6 7 & 9 10
NLMOPTS |“CREEP”| walcl vale? valc3 valcd
“ASSM” vala
“TSHEAR™ vals
LRGETEN valle
“EEMICUBE"|  Walue NPIXEL CUTOFF |FracTION| FacowT | FacToL
“TEMPP”| waltd
“TEMGOT | ymaptg
“SFROPMAP” | PROPMAP | PROPBEH | DIRECT THICEOP IPEDNT
“SPCRMPT” | vramp
“DEACTEL" | waldl vald?
ENTHALE” | yalelu valenl
MAPTOL™ | ymptel
Examples:
NLMOPTS | CREEP 0
HEMICUBE 1 500 0 0.01
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ADDITIONAL RESULTS OUTPUT

« NLMOPTS - Nonlinear Multiple Options

— NLMOPTS, SPROPMAP controls the conversion of element properties to
the advanced formulations and can be used to dump the actual properties
that are used. For example:

$ PROPMAP -- default = map to full integration elems
$ IPRINT -- 1 = print generated elem props
SNLMOPTS, SPROPMAP, PROPMAP,,,, IPRINT

NLMOPTS, SPROPMAP, vrry |
— Will dump out information that looks like this for each shell property element
set:
PSHLN1 1 1 1 NO ISH
C3 DCTN LDK DCT L
C4 DCT L DCT L
C8 DCT QRI DCT Q
C6 MB Q MB Q

— So that you know exactly what element formulation is used. It does this for
the other element types too (PBARN1, etc).
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ADDITIONAL RESULTS OUTPUT

- Extended NLSTRESS Command "

which refers to an NLOUT Bulk Data entry

ALL
3 ;
NLSTRESS {( FORTI}, {PR[NT-* PUNCI 1} INLOUT = m] )” -,
SORT2 PLOT
| NONE
with the following results quantities
1 2 3 4 5 6 7 8 9 10
NLOUT 1D AlO1 AlO2 AlO3 AlO4 AlOS AlO6 AlO7
AlTOS AlOY9 elc.
R applies only to the nonlinear property extension elements ( PSHLN1, PSLDN1, ...
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ADDITIONAL RESULTS OUTPUT

CCASTRSS Components of Cauchy Stress |
CTOTSTRN Components of Total Strain TTSTRNED Total Strain Energy Density
CELASTRN Components of Elastic Strain ELSTRNED Elastic Strain Energy Density
CPLASTRN Components of Plastic Strain PLSTRNED Plastic Strain Energy Density
CCRPSTRN Components of Creep Strain PLSTRNRT Plastic Strain Rate
CTHMSTRN Components of Thermal Strain ILNMSTRS Interlaminar Normal Stress
TSTRNPS Thickness Strain for Plane Stress ILSHSTRS Interlaminar Shear Stress
MAJESTRN Major Engineering Strain ILSHTKCE Interlaminar Shear Thick Elements
MINESTREN Minor Engineering Strain CSTRSCRD Components of Stress Preferred System
CURVOL Current Volume GSKTCLST Gasket Pressure
ORGVOL Original Volume GSKTCLSR Gasket Closure
TOTTEMP Total Temperature PGSKTCLS Plastic Gasket Closure
INCTEMP Incremental Temperature FAILINDX Failure Index (%a)
EQVMSTRS Equivalent von Mises Stress TOTVSVI Total Value of First State Variable
EQSTRSA Equivalent Stress/Yield Stress Ratio TOTVSV2 Total Value of Second State Variable
EQELSTREN Equivalent Elastic Strain TOTVSV3 Total Value of Third State Variable
EQPLSTRN Equivalent Plastic Strain EQPHSTRN Equivalent phase transformation strain
EQCRSTRMN Equivalent Creep Strain EQTWSTRN Equivalent TWIN strain
EQTPSTRN Equivalent TRIP strain 75
CPHSTRN Phase transformation strain tensor
VOLFMART Vpoume fraction of Martensite back
5-53
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ADDITIONAL RESULTS OUTPUT

- Enhanced Input for 3D Solids (cont.)
— Results for PSLDN1

NLSTRESS = ALL

NONLINEA AR

ELEMENT-ID
1

CORNER
GRID-ID

OGRID CS 8 GP

CENTER

1

2

-2
-8

=2
-8.
=2
-8.
=2
-8.
=2
-8.
=2
-8.
=2
-8.
=2
-8.
=2

-8

X

.7724E+02
.0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
0008E-02
7724E+02
.0008E-02

=8,
3.
=8,
3.
=8,
3.
=8,
3.
=8,
3.
=8,
3.
=8,
3.
=8,
3.
=8,
3.

STRESSES

Y

7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02

I

HEXAHEDRON

STRESSES/ TOTAL STRAINS

=8
o
=8
o
=8
o
=8
o
=8
o
=8
o
=8
o
=8
o
=8
o

4

7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02
7915E-04
9449E-02

XY

.0712E-15
.8888E-17
.2495E-13
.9886E-17
.0129E-13
.5580E-16
.4887E-13
.7271E-16
.5860E-13
.6761E-16
.5170E-13
.71727E-16
.0811E-13
.1672E-16
.1198E-13
.0872E-16
.5957E-13
.8808E-16

SOLID

YZ

.2232E-14
.8482E-18
.2312E-14
.0506E-17
.3197E-14
.1180E-17
.5915E-13
.8195E-17
.3002E-14
.7622E-17
.0636E-14
.0124E-17
.0989E-13
.1683E-17
.8632E-14
.3308E-17
.7914E-14
.6220E-17

| B U U I |
SN HE W

w

N

~ Ll

(6}

WOORNUONFRNON

ELEMENTS

ZX

.3034E-15
.4705E-18
.0250E-14
.3093E-17
.2889E-14
.0519E-18
.3530E-14
.3285E-18
.1225E-14
.6098E-18
.6746E-14
.8353E-17
.5281E-14
.4634E-17
.1511E-14
.1423E-17
.5002E-15
.3650E-18

STRESS

.7724E+02

.7724E+02

.7724E+02

.7724E+02

.7724E+02

.7724E+02

.7724E+02

.7724E+02

.7724E+02

(HE XA )
EQUIVALENT EFF. STRAIN EFF. CRI
PLAS/NLELAS  STRAIN
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
7.7235E-02 0.0
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ADDITIONAL RESULTS OUTPUT

 Input for 2D Composites
— Additional Results Output

NLSTRESS (NLOUT=1) = ALL

BEGIN BULK
NLOUT 1 CTOTSTRN

LOAD STEP = 1.00000E+00

TENSOR OUTPUT QUANTITIES

element output ply-id CID gaus tensor components
id quantity point X Y
1 CTOTSTRN 1 0 1 -0.461E-01 0.443E-01
2 -0.461E-01 0.443E-01
2 0 1 -0.461E-01 0.443E-01

2 -0.461E-01 0.443E-01

OOOON

.000E+00
.000E+00
.000E+00
.000E+00

XY YZ XZ

0.342E-16 0.000E+00 0.000E+00
-0.490E-17 0.000E+00 0.000E+00
0.459E-17 0.000E+00 0.000E+00
-0.310E-16 0.000E+00 0.000E+00
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ADDITIONAL RESULTS OUTPUT

 Input for 3D Composites
— Example for PCOMPLS - solid shell HEX8 (cont.)
— total strains ( NLOUT request )

TENSOR OUTPUT QUANTITIES

element output ply-id CID gaus tensor components
id quantity point X Y Z XY
1 CTOTSTRN 1 0 1 -0.800E-01 0.394E-01 0.394E-01 0.774E-17
2 0 1 -0.800E-01 0.394E-01 0.394E-01 0.393E-18

NONLINEA AR OUTPUT IN HEXAHEDRON ELEMENTS

YZ
-0.105E-16
-0.157E-16

(HE X A)

Xz
-0.595E-15
-0.590E-15

— interlaminar shear stresses

INTERLAMINAR STRESSES F OR LAYERED COMPOSTITE ELEMENTS
ELEMENT INTEG. NORMAL STRESS S HE AR STRESS BOND
ID PLY ID POINT ID 1 2 3 1 2 3 INDEX

1 1 1 6.384E-19 3.237E-19 -3.792E-04 -1.006E-13 -1.730E-14 1.841E-28 0.000E+00

2 1 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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ADDITIONAL RESULTS OUTPUT

 Input for 3D Composites
— Example for PCOMPLS - solid HEX8 (cont.)
— total strains ( NLOUT request )

TENSOR OUTPUT QUANTITIES
element output ply-id CID gaus tensor components
id quantity point X Y Z XY YZ XZ
1 CTOTSTRN 1 0 1 -0.800E-01 0.394E-01 0.394E-01 -0.314E-16 -0.322E-16 0.161E-16
2 -0.800E-01 0.394E-01 0.394E-01 -0.147E-17 0.118E-15 -0.636E-16
3 -0.800E-01 0.394E-01 0.394E-01 0.212E-16 -0.514E-16 -0.621E-17
4 -0.800E-01 0.394E-01 0.394E-01 0.474E-16 -0.283E-16 -0.487E-16
2 0 1 -0.800E-01 0.394E-01 0.394E-01 0.428E-16 0.278E-16 0.496E-16
2 -0.800E-01 0.394E-01 0.394E-01 0.102E-15 0.127E-15 -0.469E-16
3 -0.800E-01 0.394E-01 0.394E-01 -0.222E-16 0.688E-17 -0.324E-16
4 -0.800E-01 0.394E-01 0.394E-01 0.370E-16 -0.225E-16 -0.730E-16
— interlaminar shear stresses
INTERLAMINAR STRESSES F OR LAYERED COMPOSTITE ELEMENTS
ELEMENT INTEG. NORMAL STRESS SHEAR STRESS BOND
ID PLY ID POINT ID 1 2 3 1 2 3 INDEX
1 1 1 -5.436E-28 9.836E-20 -3.792E-04 8.703E-14 2.748E-15 0.000E+00 0.000E+00
2 -5.436E-28 6.475E-20 -3.792E-04 -1.932E-14 6.021E-14 0.000E+00 0.000E+00
3 -7.296E-20 9.836E-20 -3.792E-04 -8.528E-14 -3.396E-14 0.000E+00 0.000E+00
4 -7.296E-20 6.475E-20 -3.792E-04 -1.171E-13 5.637E-15 0.000E+00 0.000E+00
2 1 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
4 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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EXERCISE
« Perform Workshop 7: Solid Shell Composites Modeling
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EXERCISE

« Perform Workshop 8: Delamination of a Composite Solid Shell
Beam

Fringe: SC1:Step 1:DEFAULT, A1 Time = 0 6579891, Damage Value, ., (NON-LAYERED) 1 .O2+OOOI‘
Ceform: SC1:Step 1'DEFAULT. A1 Time = 0.6579891. Displacements, Translational, 9 49-001

§.80-001—
8.10-001—
7.40-001—
6.70-001—

6.01-0015

5.31-001

4.61-001

3.91-001

3.21-00

2.62-001

1.82-001

1.12-001

4.23-002
-2.74-002

default_Fringe :
Maw 1.02+000 @Nd 1801
Min -2 74-002 @Nd 1885

default_Ceformation :
Max 6 58-002 @Nd 713

MSGC



NAS400, Section 6, January 2015
Copyright© 2015 MSC.Software Corporation

S6 - 68

MSGC



NAS400, Section 7, January 2015
Copyright© 2015 MSC.Software Corporation

SECTION 7
ADVANCED TOPICS

S7 -1

MSGC



OVERVIEW

- Analysis Chaining
 SPC and MPC Changes
- Restart
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ANALYSIS CHAINING
In SOL 400, all SUBCASESs are independent from each other

Like in SOL 101, many independent subcases can be performed in one
single run

To change back to the old SOL 106/129 behavior, use system cell 366
(STPFLG)=1

For analysis chaining, STEPs have to be defined

SOL400 allows complete flexibility in allowing several static, dynamic and
linear perturbation Steps to be performed in a single Subcase. This is called
analysis chaining.

A Step is any convenient phase of the history — a nonlinear static loading
phase, a thermal transient, a creep period, a nonlinear dynamic transient,
etc.

In each “Step”, the analysis type to be performed is chosen as one of the
“‘“ANALYSIS” commands shown in the next slide.

The sequence of Steps in a Subcase should be chosen meaningfully.
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GUIDELINES FOR ANALYSIS CHAINING

For nonlinear structures, an ANALYSIS = NLSTAT must come
before an ANALYSIS = NLTRAN.

All coupled multi-physics steps have to come before the single-
physics steps.

Single-physics steps can follow the multi-physics steps.

All linear perturbation steps need to be at the end after definition

of all possible coupled multi physics steps and single-physics
steps.

The NLIC Case Control Command used for Nonlinear Initial
Condition should be referenced for further requirements between
the analysis types allowed in SOL 400.
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STEP TIME

- Nonlinear analysis step the loads must be defined as total values.

- Each step also has its own step time, which begins at zero in each
step.

- In a dynamic analysis, “step time” corresponds to that physical
time.

- Otherwise, step time is any convenient time scale, typically 0.0-
1.0, for the step.
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ANALYSIS CHAINING

For the ANALYSIS command the following disciplines can be
used

NLSTATIC
NLTRAN
STATICS
BUCK
MODES
MFREQ
DFREQ
MTRAN
DCEIG
MCEIG
BSQUEAL
HSTAT
HTRAN

Nonlinear static analysis

Nonlinear transient analysis

Linear static analysis

Linear buckling

Normal modes analysis

Modal frequency response

Direct frequency response

Modal transient response

Direct complex eigenvalue analysis
Modal complex eigenvalue analysis
Break squeal analysis

Steady state heat transfer analysis

Transient heat transfer analysis
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ANALYSIS CHAINING

- Scenario 1 — mixing statics and transient

SUBCASE 1
STEP 1
LOAD = 1
NLPARM = 110
STEP 2
ANALYSIS = NLTRAN
DLOAD = 3
TSTEPNL = 130
SUBCASE 2
STEP 1
ANALYSIS = NLSTAT $ This line can be omitted
LOAD = 10
NLPARM = 110
STEP 2
NLIC SUBCASE 2 STEP 1 LOADFAC 0.5
ANALYSIS = NLTRAN
DLOAD = 30
TSTEPNL = 130
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ANALYSIS CHAINING

« Scenario 2 — normal modes perturbation

NLIC STEP 1 LOADFAC 0.25
ANALYSIS = MODES
METHOD = 1

STEP 3
NLIC STEP 1 LOADFAC 0.75
ANALYSIS = MODES
METHOD = 2

SUBCASE 3
STEP 1
ANALYSIS = NLSTAT $ This line can be omitted
LOAD = 10
NLPARM = 110
STEP 2

MSGC



ANALYSIS CHAINING

- Scenario 3 — brake squeal analysis

SUBCASE 4
STEP 1

STEP 2

LABEL = Nonlinear Static Step
NLPARM = 3

BCONTACT = 1

SPC = 2

LOAD = 4

LABEL = Modal Brake Squeal with NLIC at 0.5
ANALYSIS = MCEIG

BSQUEAL = 989

NLIC STEP 1 LOADFAC 0.5

SPC = 2

CMETHOD = 1

METHOD = 2

AUTOSPC (noprint)= yes

RESVEC = NO
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ANALYSIS CHAINING

« Scenario 4 — mixing structural and thermal

SUBCASE 5
STEP 1

STEP 2

ANALYSIS = HSTAT
NLPARM = 1

SPC =1

LOAD = 2

THERMAL = ALL
FLUX = ALL

TSTRU = 200

ANALYSIS = NLSTAT
NLPARM = 3

SPC = 5

TEMP (load)= 200
LOAD = 13

S static heat transfer

S nonlinear statics
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ANALYSIS CHAINING

NLIC Nonlinear Initial Condition

Selects a previously executed load increment as the initial conditions for a nonlinear transient step in
SOL 400.

Format:
NLIC [ SUBCASE i [, STEP j [, LOADFAC 1]

Describer Meaning

i Specifies the identification number of a previously executed subcase. (Integer;
default is the subcase where the current NLIC 1s located).

] Specifies the identification number of a previously executed STEP (Integer,
default is the last STEP).

[ Specifies the load factor of a previously executed load increment in linear or
nonlinear static analysis (Real, 1.0 = 1= 0.0).
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SPC AND MPC CHANGES
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SPC AND MPC CHANGES

« The SPCs and MPCs are allowed to change from one step to the

next for both static and transient analysis

NLPARM = 1
STEP 1
LOAD = 1
SPC =1 S grid 1 fixed, grid 2 free to move
STEP 2
LOAD = 2
SPC =2 $ grid 1 fixed, grid 2 in y is frozen at the location
S it was at the end of step 1
STEP 3
ANALYSIS = NLTRAN
TSTEPNL = 3
DLOAD = 3
SPC =1 §$ disp of grid 2 in y is free again
BEGIN BULK $ and starts from its current value.
SPC1 ,123456,1 S no SPC requested on grid 2.
SPC1 42}, 123456,1 $ same as original constraint for grid 1,
SPC1 2,2 S extra SPC is requested on y dof of grid 2
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SPC AND MPC CHANGES

 SPC1 is used when a displacement is to be frozen (see page
before)

- Before MD R3, for SPC’s, only absolute boundary changes were
allowed using SPCD or SPC
— For example, when the displacement is 0.1 at the end of step 1 it will get the
value of SPCD or SPC in step 2

- Starting with MD R3 incremental boundary changes can be done
using SPCR (not NLTRAN)

— For example, if the displacement is 0.1 at the end of step 1, and there is a
0.3 on an SPCR called in step 2, the actual position will be 0.4
 MPC changes are only incremental

— the relative deformation described with an MPC which is reached at the
beginning of a step will be frozen
« MPC activated in STEP 2: the MPC dof move together in STEP 2
« STEP 1, stretch/preload a rubber band. STEP 2 use MPC to attach to structure
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AUTOMATIC SPC AND MPC

« AUTOSPC is available for nonlinear (MD R3+)

Format:

AU'I'(}S["L[ [ RESIDUAL |

SPC
MPC |’

PRINT

| ZERO

NOZERC

N(}PR[N'I} _[

J)

= 9

NOPUNC
PUNCH

H} [SID = nj} [EPS = rl], [EPSSING = 2],

| YES |

b

. NO |

- RESIDUAL stands for the residual structure
— normally only superelements are effected
— AUTOSPC(RESIDUAL) can be used for ANALYSIS=

* NLSTAT
- STATIC
* NLTRAN
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AUTOMATIC SPC AND MPC

« AUTOSPC will be checked for the beginning of a step only
— it can be put above or within the step

« Example

STEP 1
AUTOSPC (RESIDUAL, SPC) = YES
LOAD = 10

STEP 2
AUTOSPC (RESIDUAL, MPC)
LOAD = 20

STEP 3
LOAD = 30

YES

— the singularity is constrained by the SPC option in step 1, by the MPC

option in step 2, and there is no singularity checking in step 3.
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AUTOMATIC SPC AND MPC

- Care should be taken when the directions of singular DOF’s
undergo large rotations, like K6ROT when set to zero

- Also, under large deformation, DOF that start out singular might
develop stiffness... in this case SPC’ing those DOF would be
inappropriate

MSGC ASoftware
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RESTARTS IN SOL400

- What is a restart?
— The ability to continue a previously run simulation

 Why restart?

— Eliminate duplication of calculation — i.e. initial steps of different simulations
may be the same so a single run of those common steps can be run and
then restarts performed from the end of the common steps

— Unconverged solutions — allow ‘tweaking’ of parameters to gain
convergence

» This may be as simple as adding additional steps to allow a converging, but
unconverged, solution to reach convergence

« Or as complicated as respecifying contact parameters, convergence criteria,
boundary conditions, etc.

 Additional output requests

- How to restart?

— Restart files from the Initial runs must be retained in the working directory.
(MASTER/DBALL)

— Subsequent runs specify use of the restart file and continue from there
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RESTARTS IN SOL400

- When utilizing the restart capabilities of SOL400 the user has the
following options:

— Write restart data/files

» The term ‘restart’ accurately implies that a simulation will be a continuation of a
previous simulation hence the MASTER/DBALL file from previous simulation must
exist.

» These are automatically written in MASTER/DBALL file.
— Read restart data/files
« Adjust parameters/loading/convergence appropriately
« Specify which restart point (restart file and increment, if appropriate) to start from

* In the event of an unfinished loadcase the analyst must specify how to proceed
(i.e. finish, modify parameters, remesh etc.)

— Write and Read restart data

» Read and Write capabilities can be activated simultaneously, no special
consideration is necessary
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RESTART
Restart via Case Control NLRESTART

ASSIGN MASTER=‘cold.MASTER’

RESTART
SOL 400
CEND

NLRESTART SUBCASE 1, STEP 2,

S
SUBCASE

1
TSTEPNL = 10
STEP 1
LOAD = 10
STEP 2
TSTEPNL = 30
LOAD = 20
STEP 3

LOAD 30

BEGIN BULK

TSTEPNL,

ENDDATA

30, ,0.01,5

TIME 0.3 S before any SUBCASE command

S Case control of cold start with STEP 1 and 2

$ Restart begins at time 0.3 of this step
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RESTART ON QRG

NLRESTART (SOL 400) Nonlinear Restart Request

Request a RESTART execution at a specified point for SOL 400.

Format:

NLRESTART|SUBCASE i| , STEPj|, FOADFACT
TIME 1

Example:

NLTESTART SUBCASE 1, STEP 2, LOADFAC 0.3

Describer Meaning

i

Specifies the identification number of a previously executed SUBCASE (Integer,
Default is the first SUBCASE).

Specifies the identification number of a previously executed STEP (Integer,
Default is the first STEP).

Specified the load factor of a previously executed load increment in nonlinear
static analysis (Real, 0.0 < {<1.0, Default = 0.0).

Specified the time of a previously executed time step in nonlinear transient
analysis (Real, t, <t <1,, where t, is the initial time of STEP j, and 1, is the last
time of STEP j: Default = 1, ).
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REMARKS

Nonlinear Restart is not supported in SOL 400 if advanced
elements are used.

Patran does not support Restart capability, manual editing of the
input file is required.

The MASTER/DBALL has all the restart information which needs
to be assigned as shown in the example in previous slides.

This means in the original run the user cannot use SCR=YES.
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EXERCISE

« Perform Workshop 9: Restart

r Model_1.db: 3

Translational

Displacemenits

5.50-004 7

-5.50-004

-1.10-003

-1.65-003 7

-2.20-003

BE®

==

LEGEND

—— Mode 1: Displacements, Translational, 22

-2.75-003

0.

8.50-0031.70-0022.55-0023.40-002 4.25-0025..10-002
Time

|

r Model_1.db: 3

Displacements, Translational

6.00-004

-6.00-004

-1.20-003

-1.80-003

-2.40-003

-3.00-003

DX

LEGEND

MNaode 1: Displacements, Translational, 22

0

2 00-002

400002

E.00L002
Time

8.00-002

1.00-001

1.20-001
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AUTOMATED BOLT PRELOAD MODELING

» Description
— Automatic calculation of preload

 How did you do it before?
— Split mesh
— Write MPC'’s

— Remove MPC Grids from
Contact region

— Applied thermal loads

 Why is it better?
— New “BOLT” entry - Automatic
MPCs
— Continuous contact on bolt shaft

— General method for pre-
stressing, available
for all element types (solids,
shells, beams)
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AUTOMATED BOLT PRELOAD MODELING: HOW?

How to Pre-load the Bolts?
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AUTOMATED BOLT PRELOAD MODELING: HOW? (PATRAN

SETUP)

i File Group Viewport Viewing Display Preferen(es‘Too\slHelp Utilities

Home Geometry Properties Loads/BCs M MSC.Fatigue r Durability
Laminate Modeler L
Dl=e & &e DldEEel@ oo . e[| B e ||| %[0 W04 mim
(B | || | 2|53 ||| 0| || maiysis manager.., A =T
Defaults Transforms Viewport List b tation Mise. \Web| [Madel Tree
Mass Properties...
Beam Library...
Regions...
Modeling b Model Contents...
Design Study i Properties Import...
Results L Load Tools...
User Defined AQM... Model Variables...
Pre-Release L4 Element Quick Create...
Property Data Plots...
Mass Property Management...
Assembly »
Experimental Data Fitting...
Bolt Preload...
Rotor Dynamics...
MNSM Properties..,
Feature Recognition...
+ Contact Bodies/Pairs...

How to Pre-load the Bolts?

‘Bot Preload

o
E%

Action:

Object:

Method:

Geometric ¥

Existing Bolt Model Names.

News Bolt Model Name
| bot_1

MPC Type:

Overclosure

Axial Bolt Load:
1000

[Control Node Offset]

Direction Vector
<0071

Vector Magnitude
[1. ]

Auto Execute

Element List

x| sel_current_‘t‘:hr‘[ “CAWndowshT emp“' 1
$# The cunent working directary has been changed to the database location shown,
uil_imaging_bw_reverse[ ]
ui_repaint_tree] TRLUE |
uil_imaging_bw_reverse[ ]

For Help, press F1

l Apply l [ Cancel

]

1% 1+ 0 @

FAERT TR A

]

5
=3l
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AUTOMATED BOLT PRELOAD MODELING: HOW?

- Automatically Splits the Mesh and
determines Bolt “long axis”

- Automatically creates necessary
coordinate system and control node

- Automatically creates the BOLT Entry

- Automatically creates user specified pre-load or shrinkage

Ib preload

Control Node

(EEIAIA]
it (e §13(CID=10)
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AUTOMATED BOLT PRELOAD MODELING: HOW?

BOLT

Defines the Multi-Point Constraints for a Bolt

Defines a rigid bolt by a set of MPC constraints.

Format:
1 2 3 4 3 & T 8 9 10
BOLT D GRIDC
TOP GT1 GI2 GT3 T4 GTs GTa GI7
GI8 GIo ete.
BOTTOM GE1 GBE2 GB3 GB4 GE3 GBe& GE7
GBS GBS etc.
DT ¥ T {1 it i St TEor b Rt - It P e o) ) T T T
5 Multipoint Constraints of the Entire Model q
S
=
BOLT 1 4083
TOP 3924 3930 3936 3942 394858 3954 3960
3966 3972 3978 3954
BOTTOM 4054 4085 4056 4087 4085 4059 4090
4091 4092 4093 4094
BOLT 2 4095
TOP 1918 1924 1830 1936 1947 1948 1854
1980 1966 1972 1978
BOTTOM 4096 4097 4093 4099 4100 4101 4102
4103 4104 4105 4106
=
S Modes of the Entire Model
COOTTh 1 vy ] 1.2

.\ _____HM._ m.‘h-_“_\"#v‘ *‘_“’ s ".'”J-'"‘_"‘-‘-r-.-#h #‘*M*\L#*“#n%qﬁ*‘
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EXERCISE
« Perform Workshop 10: Bolt Modeling

NAS400, Section 7, January 2015

Copyright© 2015 MSC.Software Corporation 5730
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SECTION 8
CONTACT POST-PROCESSING

NAS400, Section 8, January 2015

Copyright© 2015 MSC.Software Corporation S8
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OVERVIEW

« Contact Results Output
- Plot the Contact Status
* Glued Contact

« NLOPRM

MSGC



CONTACT RESULTS OUTPUT

. BOUTPUT

— Output of contact results
« contact status, forces, and stresses

- param,ph2out
— phase 2 output (default=0)

0
— regular phase Il output (performed when all steps and subcases have been completed)
o 1
— phase Il output only. This is useful when the run is terminated abnormally before the
phase lll outputs are formatted and printed. Prints in SORT1 format. There will be no
output for the upstream superelements.
3

— both phase Il and phase Il outputs. In this case, some of the outputs for the residual
structure may be redundant.

MSGC ASoftware



CONTACT RESULTS OUTPUT

NODAL FORCES A ND STRESSES IN 3D CONTACT ANALYSTIS
LOAD STEP = 1.00000E+00 SUBCASE 1 STEP 1
GRID STATUS CONTACT FORCES - RESIDUALS FRICTION FORCES NORMAL FRICTION FRICTION
EXCLUDING FRICTION STRESS STRESS 1 STRESS 2
= IN GLOBAL SYSTEM = = IN GLOBAL SYSTEM = = IN CONTACT LOCAL SYSTEM =
1 0 0.0000E+00 O0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
2 0 0.0000E+00 O0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
3 0 0.0000E+00 O0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
4 0 0.0000E+00 O0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
15 1 -3.1514E-18 1.3866E-17 -4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
16 1 -3.1514E-18 1.7648E-17 -4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
17 1 1.2606E-18 1.7648E-17 -4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
18 1 1.2606E-18 1.3866E-17 -4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
STATUS DEFINITION -----
= 0 node is a retained node
=1 node is a tied node (touching node)
f06 file
Model 1,2,3,4
e
15, 16,17, 18

MS(: ASoftware



CONTACT RESULTS OUTPUT

 Patran Contact Status Plots:

00+000

default_Vector :
Max 4.17+001 @Nd 69
Min 0. @Nd 27

MSGC ASoftware



PLOT THE CONTACT STATUS

- Plotting the Contact Status [ SERETRETE SEx|

— First request for Contact Status
as an output quantity

Form Type:

Select Result Type

— Next specify MASTER/DBALL as ot Sve Ereges -

Element Strains

results output format (contact G port ore sance

MNon-Linear Stress

results are not available in the
XDB format)

Output Reguests

DISPLACEMENT(SORT1, REALJ=AIl FEM

STRESS(SORTY, REAL, VONMISES, BILINJ=AIl FEM; PARAM, Nt
SPCFORCES(SORT1 REALJ=AI FEW
BOUTPUT{SORT1,REAL)=All FEM

MESUILLS | UL L . [ i 5
4 2
Clopz XDB Print []Punch ] - =

[ ] MASTER Only MASTER/DBALL [ Delete ]

XDB Buffer Size:

[CJTmLe

[¥] SUBTILE

[JLaBEL

Lo | | _oeaus | [ cancal

MSGC ASoftware



PLOT THE CONTACT STATUS

* Plotting the Contact Status —
— Attach the MASTER/DBALL i [
— Make a scalar marker plot oveet | [rschiasTER_7] | — =

Results|
Method:  [ResuttEntiies ¥ |

Object: [ [Warker_~ |

Method:

g
g
9

=

Select Result Cases

|

(|

Scalar Styls: ‘
[ Title Editor. . I

Show Title [ Lock Ttie =
Select Scalar Result

[ Show MaxMin Label [Contact Status, o]
Displacements, Rotational |
D Show Scalar Label Digplacements, Translational [ ]
Friction contact force, Magnitude E
Mormal contact force, Magnitude |l|
(%] i _)_]

[ Position... ((NON-LAYERED)) ]

[ animate

L_aeoly | [ Reset

NAS400, Section 8, January 2015 ,
Copyright© 2015 MSC.Software Corporation S8 MSC ASoftware




PLOT THE CONTACT STATUS

- Contact status shows 0’s and 1’s
— 0O indicates a retained node (master)
— 1 indicates a tied node (slave)

Scalar Unfitled SC1, A1:Stati act Status,  , (NON-LAYERED)

0 0 o
0
1
Memory aid
NAS400, Section 8, January 2015 s8-8 MSC A Software

Copyright© 2015 MSC.Software Corporation



PLOT THE CONTACT STATUS

* 0 indicates a retained node (master)

- 1 indicates a tied node (slave)

18

w
o
w
a0
T

MOMN

gl

= ST
U S Y T TAYAY
%ﬁwﬁ%ﬁ%
SOy
WAV VAW

VAWAVAYAVAVAVAVAY

MSaSoftware'




PLOT THE CONTACT STATUS

- Contact status can also be displayed as a fringe plot

Fringe: SCO:, Al:Static Subcase, Contact Status, , , (NON-LAYERED)
Cursor: SCO:, Al:Stalic Subcase, Contact Status, , , (NON-LAYERED) 8.67-001

V

0
o

N
g
A

ZZ’ “‘E?z 3.33-001
"AY nll!i%gﬁ;‘h 2.67-001

VAV

YAV
<L/

P

-
A

SR |
i

default_Fringe :
Max 1.00+000 @Nd 5713

Fringe: SCO:, Al:Static Subcase, Contact Status, , . (NON-LAYERED)
Cursor: SCO;, A1:Stafic Subcase, Contact Status, , . (NON-LAYERED)

= |
M%‘"éx%y
iy
i
OOAEAL
i
""‘v‘uihh A A

A

1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001
1.00+001

1.00+001
1.00+001

default_Fringe :

Max 1.00+000 @Nd 5713}
Min 1.00+000 @Nd 5713

Min 0. @Nd 7906

0,

Fringe: SCO:, A1:Stafic Subcase, Contact Status, , , (NON-LAYERED) 0
Cursor: SCO:, A1:Static Subcase, Contact Status, , , (NON-LAYERED) 0]
0

0

0,

* 0,

0

0

0

0,

0

0,

0,

0

0

% default_Fringe :
- Max 0. @Nd 7906
aiicini Min 0. @Nd 7906
MSGC A Software



GLUED CONTACT - STATUS

- Determining the glued contact status is important. It is possible to
glue only a few nodes on a large surface. This leads to incorrect
deflections and stresses

- Glued contact can be evaluated by examining the deflected
shapes and stresses of the model

 The MPCs used to model linear contact can be created during the
MSC Nastran run in a punch (*.pch) file

MSGC ASoftware



PLOT THE GLUE MPC EQUATIONS

« MSC Nastran internally
generates MPC equations to
represent the permanent
glued contact

 The user can request for
these equations be output to
a punch file
— Specify NLOPRM
MPCPCH=BEGN in the Case
Control section

|| solid_face2face_glue.bdf 20 KB BDF File

P solid_face2face_glue.db 7,757 KB MSC.Patran Datab...
|| solid_faceface_glue.db.jou 603 KB JOU File

|| solid_facedface_glue.DBALL 3.360 KB DBALL File

| solid_face2face_glue.fl4 37T KB F04 File

|Z| solid_faceface_gluefl6 80 KB FO6 File

|| solid_face?face_gluelog TKE Text Document

|| solid_face?face_glue. MASTER 2880 KB MASTER File

|| solid_face?face_glue.pch 5KB PCH File

7| solid_face?face gluexdb 248 KE  XDB File

Case Control Section

'NLOPRM MPCPCH=BEGN

{:} Mastran System Cell Section
{:} File Management Section
{:} Executive Control Section
(-fj' Case Control Section

() Bulk Data Section

MSGC ASoftware



PLOT THE GLUE MPC EQUATIO

« Review the MPC equations
— Open the .pch file in any text editor

NS

File Edit Search ‘Wiew Tools  Macros  Configure

D BE&RBE £ BER 22 =

Window

Help

i I RVg T

a

STITLE = WD NASTRAW JOBE CREATED OH

SSUBTITLE=

SLABEL =

SHMPC

SREAT OUTPUT

$SUBCASE ID = 1

SSUBSTER ID =

SLOAD FACTOR (COR TIME) = 0.0000000E+00

MPC» 2 4281

* a090 3

* 7959

* 30

* 7978

* 3-0

* g20a89

*

H 4281

* 2.0

* 7959

* 2.0

* 7978

* 2-0
g0g9
4281

Master nodes [ = 8090 rgcl O

* g0a4g 10

* 7978

* 79749 1-0

* ga0a9

*

3 0.
.123845890D400

a-0.
.120187783D4+00

4606321240400
3-0.

2 0.
.123845890D+00
2-0.
.120187783D+00
2-0.
.460632124D400
2=0.

1 0.
.123845890D+00

1—
.1201877830+00

1-0.
.4606321240+00

1-0.

1000000000401
837537039D-01

0.513008600D+00

1816392460400
100000000D+01
837537039D0-01
S18008600D+00
1816392460400
100000000D+01

0.837537039D-01

518008600D+00
1816392460400

Slave node
Degree of
Freedom
Coefficient
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PLOT THE GLUE MPC EQUATIONS

* Plot the MPC equations
— Import the .pch file into Patran

— Need to set Nodes ID offset to O
before importing

r Entity Tabel Uffset Definition

Input Offset Value

o | Automatic Offset |

Define Label Offsets for Selected Entities:

Entity Existing ID Range in Db Mew ID
Mininum Maximum Offset/Maximum
Nodes | 1 ' 2808 '

Elements 1 1 \ 2224 Auto
Material Properties i i il Auto
Element Properties | | 1 -ALit;]
Coordinate Frames 1 Auto

Load Sets ' ' Auto

Subcases Auto

MPC Data | Auto

Comment Lines. [~ I 1B

Look in: . Training
MName =

| solid_face_to_face.pch

~| & &k Er
Date modified
4/16/2013 2:38 PM

4| 1

File name: i'_pch

Files of type: | MSC.Nastran Input Files {"bdf}

| -Apply- |
j Cancel |

Object: ‘

Fource: MSC.Nastran Input = ‘

Current Group
defaut_group. '

[ msC.Mastran Input Options... | ‘

| Define Offsets... |

|:| Create Prop. & Matl. Groups

Retrieve Names From Comments

MSGC ASoftware



PLOT THE GLUE MPC EQUATIONS

- Plot the MPC equations

— Visually inspect the glued joint. Does the MPC pattern make sense? Is it
uniformly distributed or spotty? Would reversing the contact search order
improve the glued joint?

— After reviewing the MPCs, don’t forget to remove them from the database
by using UNDO or deleting them manually.

MSGC ASoftware



NLOPRM

- This Case Control command provides additional information on
the contact procedure and can be used to debug control runs.

- Complete description of this command can be found in the MSC
Nastran Quick Reference Guide

- It can additionally provide direct access to nonlinear solutions
even when the job is still running.

- NLOPRM NLDBG

— Provides information for 3D contact in the FOG6 file

- = N3DBAS
— prints error tolerance of each contact body.

« = N3DMED
— prints summary table of all contact parameters (in addition to the output for N3DBAS)

- = N3DADV

— prints body contact information in long form (in addition to the output for N3DBAS and
N3DMED)

— This information is available for touching contact only.

MSGC ASoftware



NLOPRM

NLOPRM DBGPOST
— Selects POST options

« =LTIME
— Output all iterations in last load or time increment
« =LSTEP
— Output all iterations in last STEP
« =LSUBC
— Output all iterations in last SUBCASE
« =ALL

— Output all iterations

NLOPRM MPCPCH

— Create a Punch file of contact constraint equations as MPC Constraints

- = BEGN
— at beginning of the very first iteration

« = OTIME
— at every user requested output step
- = STEP

— at the end of each load case

MSGC
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CONTACT PAIRS: NEW APPROACH TO CONTACT MODEL
SETUP

- Multi-body Contact and Contact Tables works great for models
with few contact bodies as shown left below

- But may not be easy to use for models with hundreds of contact
bodies as shown right below. The new approach of creating
contact bodies and contact pairs automatically through Patran
GUI makes it much easier for these models.

NAS400, Appendix A, January 2015
Copyright© 2015 MSC.Software Corporation




CONTACT PAIR MODELING
- Patran 2013 Supports MSC Nastran 2013.1 Contact Pair Modeling

« Patran 2013 Supports Automatic creation of Contact Bodies
 New Contact Pair Load and Boundary Condition (LBC) GUI

- The GUI allows user to create contact pairs using individual
contact property sets, or reuse existing property sets.

- Along with the new contact pair user interface, is a set of tools
that allow user to automatically create contact bodies and contact
pairs based on user-defined criteria.




CONTACT INTERACTION:

- Contact body creation

— No change to manual body
creation

— Automatic body generation -
many methods

- Contact pair creation
— Manual pair creation
« Use existing bodies
« Create bodies with the pair
— Automatic pair detection based
on proximity

— Global property editor provides
scalability

« Model browser contact
interaction

OVERVIEW

MSGC



CONTACT INTERACTION

- Simplify and automate
contact set-up

— Automatic body generation

— Automatic pair detection based
on proximity

— Global property editor to modify
multiple pairs in one operation
- Benefits

— Reduced assembly modeling
effort

— Fewer entries to define contact
interaction

Body Pair

v Deformable Bodies a

Create From

(%) Entire Model
O Current Viesvport

Elements

[]aD []2o

Apply

Method |Comnectivity ™

{:} Current Group

[]1D

MSGC



AUTOMATIC CONTACT BODY GENERATION

- Create contact bodies automatically based on
— Property set
— Group
— Material set
— Topology
— Connectivity
— Automatic Name

MSGC ASoftware



PATRAN CAPABILITIES OF CONTACT PAIR MODELING
- Writes New BCTABLE1 / BCONECT Nastran bulk data entry

« Contact Pair Graphical User Interface

- Automatic Contact Body Creation Tool
1. Based on Property Sets
2. Based on Material Sets

Based on Group Membership

Based on Element Membership

Based on Element Topology

Based on Connectivity

Based on Geometry

N o Ok w

- Automatic Contact Pair Creation Tool Based on Proximity
- Model Brower Tree Interaction

- Powerful Global Property Editing

- Scalability for Large Number of Contact Bodies

MSGC ASoftware



AUTOMATIC CONTACT BODY GENERATION IN PATRAN

GUI

Property set

Group

Material set

Topology

Connectivity

Automatic Name Generation

i File Group Viewport  Viewing Display Preferences | Tools | Help  Utilities

Create contact bodies automatically based on

r C Pairs
Creste v Deformable Bodies E’
Body Pair
Method |Comnectivity ™
Create From
@' Ertire Model C:} Current Grougp
) Current Wiewport
Elements

MSC.Fatigue
Laminate Modeler »
Enterprise MVision 4

Random Analysis...
Analysis Manager...

List »
Mass Properties...

Beam Library...
Regions...

Modeling k
Design Study

Results

User Defined AOM...

Pre-Release

(3o 2o 1o

5

Model Contents...
Properties Import...

Load Tools...

Model Variables...
Element Quick Create...
Property Data Plots...
Mass Property Management...
Assembly

Experimental Data Fitting...
Bolt Preload...

Rotor Dynamic

NSM Properties...

Feature Recognition...

Contact Bodies/Pairs...

MSGC



CONTACT PAIR CREATION

« Manual approach - using
contact bodies already
existing or created on the fly

* In Loads/BCs —
Create/Contact/Body Pair

- Select existing bodies

« Create bodies as you create
the body pairs

Load/Boundary Conditions |

Action:
Object

Type:  [Element Uniform ~

|

Option:  (Body Pair ~

Current Load Case:

Default. .

Type: Static

Existing Sets =

2D_bdy1_2D_bdy3 pair
2D_bdy1_2D_bdy4 pair
2D _bdy1 2D_bdy5_pair
2D_bdy1_2D_bdy6_pair
2D_bdy1_2D_bdy7_pair
2D _bdy2 2D _bdy4 pair
2D_bdy2_2D_bdy5_pair
2D _bdy2 2D _bdy6_pair
2D_bdy3 _2D_bdyS pair
2D_bdy3 2D _bdy6_pair

nnnnnnnnnnnnnnnnnn

New Set Name
2D _bdy1_2D_bdy3_pair

I Input Data...

i Select Application Region/_

-Apply-

o]

Body Pair Application Regi

Body Pair Application Region | nput Data [4 [

hocle; v Existing Bodies
Zreate Bodies

Body1 MasterTouched 'E

bishell 15549_20

Body1 Mame: ‘

[]=elt Contact

Body 2/SlaveTouching 'E

pshel 81323 _20

Body2 Mame: ‘

MSGC ASoftware



CONTACT PAIR CREATION AUTOMATIC APPROACH

- User controls what parts of
the model are considered
— Entire Model, Current Group or

Current Viewport or Selected
bodies

- Automatic pair creation based
on proximity (within given
Distance Tolerance)

* Tools / Modeling / Contact R mebe odes

Bodies/Pairs \  Body Par
* There will be a geometric etk
property and a physical () &)l Bodies () Deformable Oniy
property created for each set e
of Body Pairs created. O il e
(O current Wiewport () Select Bodies

MSGC ASoftware



CONTACT PROPERTIES

« Contact pairs consist of 3
data sets

— Geometric properties
(BCONPRG)

— Physical properties (BCONPRP)
— LBC data

- Easy creation and update of
reference property sets
— User controls what parts of the
model are considered
« Group or viewport control
» Create bodies with the pair

MSGC




CONTACT PROPERTIES CAN BE EDITED UNDER
PROPERTIES FORM

« Contact Geometric Property

nt F'm L]
Element Properties | BodEa 2
o= air Geometric
Action e Y
Object: Property Name Value Value Type
Type:  |Body Pair ¥

[Distance Tolerance(ERRCOR)]  _1 _ Real Scalar !.“.J
Sets By: gzl [Bias Factor(BIAS)] | 0.89999998 Real Scalar A
panel geom prop [ e
panel_phy_prop [Interference Closure(CINTERF)] 0. Real Scalar
rib_geom_prop |-| | |
b Py P l [Slide Off Distance(SLIDE)] | 0. Real Sk
[Hard-Soft Ratio (HARDS)] 2 Real Scalar
New Property Set Name . [Glued Contact(IGLUE)] No
ponel.geamprop [Retain Gaps/Overlaps(GLUE)] No
Option=: [Retain Moment(GLUE)] No String ¥
.
[#’I\Eiow Separation(JGLUE) No Strina I |
< I (]
[ Modify Properties ... . - =

Apply

| Distance below which a node is considered touching a body. If left blank, calculation is
automatic.

MSGC ASoftware



CONTACT PROPERTIES CAN BE EDITED UNDER

PROPERTIES FORM
- Contact Physical Property

' Element P"roperii-es ]

= Body Pair Physical
Rt 2 y Y
Object: Property Name Value Value Type
Type: _Body Pair ~
e [Separation Threshold(FNTOL)] | . _ Real Scalar
Sets By: | [Friction Coefficient(FRIC)] | 0. Real Scalar
e [Fric Stress Limit (FRLIM)] 1E+020 Real Scalar
rib_geom_prop | = | ' )
rib_phy_prop | i N
e vl [Breaking Glue(BKGL)] No String
[Max Normal Stress (BGSN)] 0. Real Scalar
[Max Tan Stress (BGST)) 0. Real Scalar
New Property Set Name )
panel_phy_prop i [Breaking Glue-1 Exp(BGM)] |2 Real Scalar
Options: [Breaking Glue-2 Exp(BGN)] 2 | Real Scalar
Physical ~
Eh]lear Const DistTol(DQNEARI) | n Real Scaielzr
£ i |
I IModify Properties

Apply

Separation force, stress, or fraction above which a node separates from a body. The value is
dependent on whether the separation flag on the BCPARA entry, IBSEP, is set to absolute
Irelative forces/stresses. Segment to segment contact always uses relative stress. This is set
on the Contact Control Parameters form.

MSGC ASoftware



RECOMMENDED WORKFLOW FOR USING CONTACT

BODIES / PAIRS

« Auto-create Contact Bodies
— Tools
— Modeling
— Contact Bodies/Pairs
— Create — Deformable Bodies

Method Connectivity
i Element Type
Groups
@) 7l - ht Group
roperties
C‘ P Properties
Materials
Geometry
Apphy ] ] Defaultz

MSGC ASoftware



RECOMMENDED WORKFLOW FOR USING CONTACT
BODIES / PAIRS

« Auto-create Contact Bodies

— Tools

— Modeling

— Contact Bodies/Pairs P S —
— Create — Deformable Bodies Gy | ElementType

Groups
: pt Group
v Properties i
O Properties
Materials

Geometry

Apphy ] ] Defaultz

MSGC ASoftware



RECOMMENDED WORKFLOW FOR USING CONTACT

BODIES / PAIRS

« Auto Create Contact Pairs
— By group if model is complex

— Using appropriate distance tolerance
— Using individual property sets

Create Body Pair

Distance Tolerance: | -1
(%) Al Bodies

Create From

(%) Entire Model
O Current Viewport

Contact Property Set

(:} Deformable

O Current Group
i) Select Bodies

Cnly

O Defaut ®individuai "}
() Specify
Defaults
MSC A Software



RECOMMENDED WORKFLOW FOR USING CONTACT
BODIES / PAIRS

Explore Pairs Created

Use model tree
Right click on pair name in tree

Select “Plot Contours” — this brings up the form with pair pre-selected

Hit Apply of form to color-code/ID the pair

If it's one you want right click on pair in tree and select “Modify” if you want

to specify non-default contact interaction
If i's NOT one you want select “Delete”

22
=&

16

gasket body

TETETETED

Create
Modify ['\}
Delete
Show
Expand

Compress

MSGC

Software



IMPLEMENTATION DETAILS

When you create a rigid contact body Patran creates an
“invisible” property set in the background.

This property set contains the control data for the rigid body such
as velocity/position/force-moment type, etc.

A similar property set could be used to describe the interaction
data of the contact pair.

The advantage of this approach is that the user could re-use the
set for creating subsequent contact pairs

This would also allow the user of the “global property editor” to
change a large batch of contact interaction sets all at one time.

MSGC ASoftware



IMPLEMENTATION DETAILS

* You will NOT be able to “mix-n-match” contact pair with contact
table use, although it should be possible to create a utility to map
contact interactions back and forth

« Method of operation is as follows:

— If any contact pair exists in the data base, contact pair contact will be
assumed (and the deck written using BCONECT)

— If no contact pairs exist in the database, multi-body contact will be assumed
(and the deck written using BCTABLE)

— There will be a toggle labeled “Use Contact Table” or “Ignore existing
contact pairs” that will over-ride the default logic and tell the translator to
use multi-body contact, and ignore existing pairs (so they can be used later
if desired)

MSGC ASoftware
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APPENDIX B
NONLINEAR TRANSIENT DYNAMICS

NAS400, Appendix B, January 2015
Copyright© 2015 MSC.Software Corporation
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REVIEW OF TRANSIENT ANALYSIS

- Static analysis:

— Compute a solution U that satisfies the equilibrium equation: All follower
effects on right hand side.

F(U)=P

- Transient analysis:
— Compute a solution U that satisfies the equilibrium equation:

(Ut) + DUY + FUY P(t U)

Inertia Damping Element External
Forces Forces Forces Load

MSGC A Software’



REVIEW OF TRANSIENT ANALYSIS

- For a linear system:
MU + BU + KU = P(t)

- For a general nonlinear system
— Mass of the system may change
— Damping may change
— Stiffness may change
— Load may be function of system response

— In MSC Nastran mass and damping cannot change (except for CBUSH1D).
The equilibrium equation is

MU (2) + [BU() + F,4,,(U(0) ]+ K(U®H) = P(t, U)

MSGC A Software’



REVIEW OF TRANSIENT ANALYSIS

* Nonlinear Transient Analysis

— Nonlinear transient analysis proceeds by dividing the time into a number of
small time steps. (Finite difference solution)

k-th Time Step

Beginning of
\ // End of k-th Time Step
At4
] e — e —
| - -1
t = total time

Note: Time steps may not be equal.

MSGC



REVIEW OF TRANSIENT ANALYSIS

* The solution at the end of a time step provides the initial
conditions for the next time step.

* For each time step, a relationship is assumed between

displacement, velocity, and acceleration (integration scheme).

dn Ad dn +1

u, Displacement at time t,, approximated by d,..
up, Velocity at time t, approximated by v,,.

Un Acceleration at time t, approximated by a,,.

MSGC



REVIEW OF TRANSIENT ANALYSIS

- There are a number of different integration schemes available in
the literature.
— Implicit integration: d, . | is obtained by using the equilibrium conditions at
time t, . 1. (SOL 400)

— Explicit integration: d,, , 4 is obtained by using the equilibrium conditions at
time t,. (SOL 700)

« Use of the integration scheme reduces the transient equilibrium
equation to a static equilibrium equation form._

K*(M,B, K, At) AU = P*(aAt, U, U, M, B, AP)
Effective Dynamics Effective Dynamic
Stiffness Load Vector

- Effective dynamic stiffness and load vector depend on the
integration scheme used.

* For example, for the average acceleration scheme, also called the
trapezoidal rule or Newmark scheme (y=1/2, g = 1/4)... (see next
slide)
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REVIEW OF TRANSIENT ANALYSIS

K™ = 42 M+ 2 B+ K
At At

P = AP(t)+M[2U (1) + AifU(”“ 2BU(t)

— The equilibrium is satisfied at the beginning and at the end of a time step.

— The equilibrium is not satisfied within the time step. Therefore, the selection
of At is important.

— A large value of At reduces accuracy.
— A small value of At increases computing cost.

— A strategy is needed that automatically adjusts the time step value to
achieve an optimum value in terms of accuracy and computing cost.

— Adjustment of time step value requires the reformation and decomposition
of the dynamic stiffness.
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USER INTERFACE

Solution sequences

SOL 400

Solution strategy
— TSTEPNL - Defines parameters and data for nonlinear transient.

NLSTEP — New time stepping entry (MSC Nastran 2010).

Mass specification

RHO field in MATI Bulk Data entries.
CMASSIi Bulk Data entries for scalar mass elements.
CONMI Bulk Data entries for concentrated mass elements.

PARAM,COUPMASS, to specify the generation of coupled rather than
lumped mass matrices for elements with coupled mass capability.

PARAM,WTMASS.
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USER INTERFACE

- Damping specification
— CVISC Bulk Data entry for the viscous damper element
— Field GE in MATi Bulk Data entries for nonlinear element damping
— PARAM, G for overall structural damping

MSGC



USER INTERFACE

Damping specification

PARAM, W3 to convert structural damping to equivalent viscous damping

PARAM, W4 to convert element damping to equivalent viscous damping

PARAM, NDAMP (.01 default) to specify numerical damping

Most general damping (non CBUSH1D):

B=B' +B% + & (K'+ K**)+ L K' ta M +a,(K' + K**)+ BH

W,

K'=>g.K,

W;

(if componentmodes)
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USER INTERFACE

- Load Specification

TLOAD1 Transient load as ordered time, force pairs.

TLOAD2 Transient load as defined by analytical functions.

DAREA Transient load scale factors.

LSEQ Generate transient load history for static loads.

NOLIN1 Nonlinear transient load as a tabular function.

NOLIN2 Nonlinear transient load as the product of two variables.

NOLIN3 Nonlinear transient load as a positive variable raised to a power.
NOLIN4 Nonlinear transient load as a negative variable raised to a power.

— Selected by DLOAD, LOADSET, and NONLINEAR Case Control
commands.
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USER INTERFACE

« Initial conditions specification
— TIC Bulk Data entry
— |IC Case Control command

- Additional entries for nonlinear analysis
— Similar to nonlinear static analysis
— Material nonlinear
- MATS1, MATEP, MATHE ...
— Geometric nonlinear
- PARAM,LGDISP,+1

MSGC



USER INTERFACE

- Additional entries for nonlinear analysis (Cont.)

— Contact
- BCTABLE/BCBODY, BCONECT/BCBODY1

— Combined material and geometric nonlinear

MSGC



EXAMPLE INPUT FOR SOL 400

SoL 400

CEMD

TITLE = MD MNastran pipe job

IC = 50

SUBCASE 1

STEP 1

TITLE=This is a default subcase.
ANALYETS = MLTRAN
DLOAD = 100
TSTERPHL = 1
DISPLACEMENT(SORTI,REAL)zALL
SPCFORCES(SORT1,REALD=ALL
STRESS(SORTI,REAL,VONMISES,BILIN)zALL

EEGIN BULK
EARAM LGDISP 1
TSTEPNL, 1,800, 1.E-6, 1, PFNT, , ,Uv
§ Elements and Element Properties for re
PLPLANE 1
PSHLMZ 1 1
cd AXSOLID L

CouAaDx 1 1
CQuaDx 2 1 9 B8

NLMOPTS LRGSTRN 1

MATEF 1 Table 1
MAT1 1 1.+411 .3
§ Stress/Strain Curwve : Field_Stress3tra
TAELESL 1 2
0. 1.48 1. 4, 004+8
$ Nodes of the Entire Model
GRID 1 L019345 0.
GRID 2 .019345 .08

% LOoAD ENTRIES
TLOADZ,100,10,,0,0.0,10.0,1.0
DAREA,10,15,1,10.0

§ INITIAL CONDITIONS|
gzc,50,5,1,1.0,-2.0

ENDDATA

gion :

$ Pset: "20_1" will ke imported as: "plplane.1"
B8 7 1

5

7000,
in_l

ENDT

0,
0.

20_1

5
4]

Isotrop Addmean

MSGC



GENERAL FEATURES

- Transient material nonlinear, geometric nonlinear, combined
geometric and material nonlinear, and contact problems can be
solved using this solution sequence

- Linear superelements can be combined with nonlinear elements

- Component Modal reduction (SEQSET,EIGR) available for the
linear superelements

MSGC A Software’



INTEGRATION SCHEMES

- Two-Point Integration Scheme
— Use the following equilibrium equation:

MU . +BU +F

n+l n+l n+l

=P

n+l

— Assume that the acceleration for a time step is equal to the average of the
beginning and end of the step.

U +U

n+l

U(t) = :

— Velocity and displacement are obtained by integration.

U . =U + (U”JrzU”“ JAt

| -
U.=U+U Al +(%sz
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INTEGRATION SCHEMES

— Rearrange the equilibrium equation in terms of incremental values.

{iM+£B+K JAU P +P—F +2 MU [iM +—C}[U,,+1 U ]
A A At AP A1
Dynamic Stiffness Dynamic Load Factor
— Calculate velocity as follows:
2 .
U, =U, -U)=—-U
+1 ( n+l H)At n

— Note that the acceleration need not be calculated since it does not appear
in the incremental equilibrium equation.

— For postprocessing purposes, acceleration is calculated as:

. 1 At .. At . At
= n n_ |17 Al [
U At +AT [Atm{ i [ Al A J{ T Wk

n+l

n+l n
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TSTEPNL FOR NONLINEAR TRANSIENT

1 2 3 4 5 6 7 8 9 10
TSTEPNL ID NDT DT NO METHOD | KSTEP | MAXITER | CONV
EPSU EPSP EPSW |MAXDIV|MAXQN | MAXLS |FSTRESS
MAXBIS | ADJUST | MSTEP RB MAXR UTOL RTOLB | MINITER

« HHT (Houbolt, Hughes, and Taylor) time integration scheme is used. It has
better numerical damping than the Newmark-Beta.

 NDAMP (for B, F and P) set to 0.0 (i.e., Default, for contact)
 NDAMPM (for M) setto 1.0 (i.e., Default, for contact)

Step Houbolt Operator, and is recommended for problems with contact.

« NDAMP (for B, F and P) set to -0.05 (i.e., Default, for non-contact)
« NDAMPM (for M) setto 0.0 (i.e., Default, for non-contact)

The above default settings for NDAMP, and NDAMPM results in use of the Single

M, B, F, and P are respectively the mass, damping, internal force, and external load.

MSGC
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GENERALIZED-ALPHA SCHEME

- Existing HHT scheme has been extended to Generalized-Alpha
Scheme

— Generalized-Alpha Scheme is a two-parameter scheme that allows spectral
radius to vary between 0.0 and 1.

+ Cu

int ext

Mu ntl+o, - Inti+a,

+ F

n+1+a, ntl+o

* No Special input needed to flag new scheme

— For contact / impact problems, SOL400 by default uses o = 0.0, o, = 1.0
(this corresponds to spectral radius of 0.0).

— For non-contact problems, SOL400 continues to use a; = -0.05, a,,= 0.0
(this ensures back-ward compatibility)
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GENERALIZED-ALPHA SCHEME

- os; and o, can be manually changed by user via
PARAM,NDAMP,xxx and PARAM,NDAMPM,yyy respectively in the
Case Control or Bulk Data sections.

- Valid range of o, is [-0.5,0.0]. Valid range of o, is [0.0,1.0]. A
variety of time-stepping schemes are obtained by varying o and
U
— oy = 0.0 o,=0.0 Newmark-Beta
— o4 =-0.05 a, = 0.0 HHT (Default for non-contact)

- o = 0.0 o,= 1.0 Single-Step Houbolt (Default for contact)
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TSTEPNL - TIME STEP AND RESULTS

1 2 3 4 5 6 7 8 9

10

TSTEPNL ID NDT DT NO

DT, NDT - time increment and how many

 NO — number of increments after which output is desired
— if positive, the output locations are controlled by DT. Default=1.

— if negative, output will be performed after NO actual computed increments

(SOL 129 style)




TSTEPNL - RESULTS OUTPUT (CONT.)

- Additional User Control over Output using OTIME. Example:

OTIME = 99
SET 99 = 0.025, 0.035 — additional output
$
SUBCASE 10
STEP 1
LOAD = 1
NLPARM = 110
STEP 2
ANALYSIS = NLTRAN
DLOAD = 3
TSTEPNL = 130
BEGIN BULK
S 2 e 3., 4....... 5....... Ouieeenn. Teeeen. 8. P 0
TSTEPNL 130 100 0.01 10 AUTO
“NO” field, output for t = 0, 1-10-0.01, 2-10-0.01, ...
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TSTEPNL - RESULTS OUTPUT (CONT.)

- The Data grouping option allows to minimize disk space usage
(especially important for Transient because of many increments).

— PARAM, NLPACK, n

« N=-1 — output data as requested, but the restart data are stored only for the end
of a STEP. So, restart is possible from end of step only.

« N=1 — each package of data on the database includes the output data for one
output time step and the corresponding restart data. Restart can be done from
each output time step.
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TSTEPNL - STIFFNESS UPDATE

1 2 3 4 5 6 7 8 9 10
TSTEPNL ID METHOD KSTEP
MAXQN MAXLS

MINITER

« METHOD (default=AUTO, for contact: FNT)

— ADAPT — Automatic adjustment of the time steps. Stiffness updates for
every KSTEP!™ converged bisection solution.

— AUTO, SEMI — Automatic stiffness updates to improve convergence.
Automatic adjustment of time steps. SEMI = stiffness update after the first
iteration.

— ITER - Stiffness update at every KSTEP! iteration. Automatic adjustment of
time steps.
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TSTEPNL - STIFFNESS UPDATE (CONT.)

— FNT — Full Newton iteration. Stiffness update at every iteration. Defaults of
EPSU, EPSP and EPSW = 0.01 and MAXLS=2. Default for contact.

— PFENT — Pure Full Newton iteration. Same as FNT except that the defaults
for EPSU and EPSW = -0.01, EPSP=0.01 and MAXLS=0.

— For FNT and PFNT, whether the stiffness will be updated upon
convergence and the start of the next increment, depends on KSTEP field:

— KSTEP="BLANK” — decided by SOL 400 based on element type. Default.
— KSTEP= 1 - stiffness will not be updated
— KSTEP=-1 - stiffness will always be updated
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TSTEPNL - STIFFNESS UPDATE (CONT.)

1

2 3

4

5

6

7

10

TSTEPNL

ID

METHOD

KSTEP

MAXQN

MAXLS

MINITER

« MAXQN (Default=10)

number of Quasi Newton Vectors for which an exact stiffness update takes

place. Default=10.

 MAXLS (Default=2)

— maximum number of line searches. For PENT, Default=0.

 MINITER (Default=1)
— minimum number of iterations. Default for Contact=2.
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TSTEPNL - CONVERGENCE

1

2

3

4

5

TSTEPNL

ID

CONV

EPSU

EPSP

EPSW

- Same as NLPARM
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TSTEPNL - DIVERGENCE

1 2 3 4 5 6 8 9 10
TSTEPNL ID MAXITER
MAXDIV FSTRESS
MAXBIS MAXR RTOLB

- Same as NLPARM
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TSTEPNL - ADAPTIVE TIME STEPPING

1 2 3 4 5 6 7 8 9 10

TSTEPNL ID NDT DT

ADJUST MSTEP RB MAXR UTOL

Implemented for METHOD=ADAPT, AUTO, SEMI, ITER, FNT and
PFNT

Controlled via ADJUST and related parameters

- Time step will be adjusted to T/ MSTEP whereby T is the dominant
period of response

AuT,rl KAu, 27
)"n = —> T=

Au' MAu_ sqrt())
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TSTEPNL — ADAPTIVE STEPPING (CONT.)

1

10

TSTEPNL

NDT

DT

ADJUST

MSTEP

RB

MAXR UTOL

- To prevent thrashing a stepping function is being applied

with

Bounds on At:

=h =h =—h =—h —h

MIN(

At

n

0.25
0.5
1.0
2.0
4.0

DT

for
for
for
for
for

L4 = f(nat,

r<0.5+RB
0.5<RB<r<RB
RB<r<20
20<r<3.0/RB

r > 3.0/RB

DT

2MAXB|S MAXR

) < At < MAXR + DT

Software’



TSTEPNL — ADAPTIVE STEPPING (CONT.)

1 2 3 4 5 6 7 8 9 10
TSTEPNL ID NDT DT
ADJUST MSTEP RB MAXR UTOL
« UTOL, tolerance on velocities
— If the velocities are low time step will not be adjusted
- To switch Adaptive Time Stepping off, just set ADJUST to zero
1 2 3 4 5 6 7 8 9 10
TSTEPNL ID NDT DT NO METHOD KSTEP MAXITER CONV
EPSU EPSP EPSW MAXDIV MAXQN MAXLS FSTRESS
MAXBIS ADJUST MSTEP RB MAXR UTOL RTOLB MINITER




TSTEPNL - RECOMMENDATIONS

 For the advanced nonlinear elements and materials and Contact
Analysis FNT or PFNT with CONV=PV should be used. Default.

 In all other cases (excluding GAPs) AUTO and CONV=UPW can be
used. For GAPs use ITER with KSTEP=1.

 For contact with friction FNT and UPW has been found to be more
precise

 The PFNT method is more stringent than the FNT. However if
CONV=UPW is used, both methods give similar results.
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OUTPUT - NONLINEAR ITERATION

*** USER INFORMATION MESSAGE 7600 (NL3LOP)

THE INPUT TIME STEP SIZE 1.00000D-04 IS USED AS THE INITIAL TIME STEP SIZE.
*** SYSTEM INFORMATION MESSAGE 6916 (MREORDR)

DECOMP ORDERING METHOD CHOSEN: DEFAULT, ORDERING METHOD USED: BEND

*** USER INFORMATION MESSAGE 6191 (nl3con)
**x* SOLUTION CONVERGED, DIVERGING SOLUTION SEQUENCE ENDS ***

0 NON-LINEA AR ITERATTION MODUTLE OUTPUT
STIFFNESS UPDATE TIME 0.01 SECONDS SUBCASE
ITERATION TIME 0.14 SECONDS
- TIME STEP - - - ERROR FACTORS - - CONV ITR MAT AVG TOTL - - -
TIME NO. BIS ADJUST ITR DISP LOAD WORK RATE DIV DIV R_FORCE WORK AVG
51.00000E-04 1 0 1.0000 2 8.19E-04 2.75E-04 2.66E-03 0.00 O 1 1.4E-05 1.467E-01 1.38E-03
32.00000E-04 2 0 1.0000 4 8.78E-04 6.09E-03 2.62E-03 0.34 0 1 2.0E-04 2.939E+00 8.10E-03

5.818E-02
3.158E-01

.818E-02
.158E-01
.055E-01
.871E+00

H o w u

1.871E+00

STEP

1421 1
1421 1

1421
1421
1441
1441

1441 1

F06 Output

31.00000E-04 1 0 1.0000 2 8.19E-04 2.75E-04 2.66E-03 0.00 O 1 1.4E-05 1.467E-01 1.38E-03
52.00000E-04 2 0 1.0000 4 8.78E-04 6.09E-03 2.62E-03 0.34 O 1 2.0E-04 2.939E+00 8.10E-03
33.00000E-04 3 0 1.0000 7 2.19E-04 8.66E-03 8.50E-04 0.49 0 1 8.3E-04 2.170E+01 2.48E-02
54.00000E-04 4 0 1.0000 11 1.82E-03 4.78E-01 2.07E-03 0.81 O 1 4.1E-02 9.711E+01 5.35E-02
*** USER INFORMATION MESSAGE 4550 (nl3con)

*** THE STIFFNESS MATRIX IS UPDATING TO THE CURRENT SOLUTION ***
*** JOB DOES NOT CONVERGE AT THE CURRENT TIME STEP OR INCREMENT.
54.00000E-04 4 0 1.0000 13 1.16E-02 4.68E+00 1.10E-02 0.91 2 1 1.9E-01 9.720E+01 5.34E-02
*** USER INFORMATION MESSAGE 6191 (nl3con)

*** DIVERGING SOLUTION SEQUENCE INITIATED ***
*** USER INFORMATION MESSAGE 4550 (nl3con)

*** THE STIFFNESS MATRIX IS UPDATING TO THE PREVIOUS ITERATION ***
*** JOB DOES NOT CONVERGE AT THE CURRENT TIME STEP OR INCREMENT.
54.00000E-04 4 0 1.0000 15 3.82E-04 9.49E-03 3.67E-04 0.06 O 1 3.9E-04 9.813E+01 5.38E-02

1.889E+00

1441 1

NO.

10
20

1

TOT TOT
AT GRID C QNV KUD ITR

13
24

26

28
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OUTPUT NON-LINEAR ITERATION

0 NON-LINEAR ITERATION M ODUTLE OUTPUT
STIFFNESS UPDATE TIME 0.01 SECONDS SUBCASE 1 STEP 1
ITERATION TIME 0.14 SECONDS
- TIME STEP - - - ERROR FACTORS - - CONV ITR MAT AVG TOTL. - - - - - DISP - - - - - - NO. TOT TOT
TIME NO. BIS ADJUST ITR | DISP LOAD WORK RATE DIV DIV R FORCE WORK AVG MAX AT GRID C ONV KUD ITR
%$1.00000E-04 1 0 1.0000 2 8.19E-04 2.75E-04 2.66E-03 0.00 O 1 1.4E-05 1.467E-01 1.38E-03 5.818E-02 1421 1 1 0 2
- TIME

— current time

TIME STEP NO.

— time step number. Initialized to 0 at the beginning of each STEP.
TIME STEP BIS

— number of bisections performed

TIME STEP ADJUST
— ratio of the current time increment to the original DT

TIME STEP ITR
— number of iterations within the time increment
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OUTPUT NON-LINEAR ITERATION

0 NON-LINEAR ITERATION M ODUTLE OUTPUT
STIFFNESS UPDATE TIME 0.01 SECONDS SUBCASE 1 STEP 1
ITERATION TIME 0.14 SECONDS
- TIME STEP - - - ERROR FACTORS - - CONV ITR MAT AVG TOTL - - - - - DISP - - - - - - NO. TOT TOT
TIME NO. BIS ADJUST ITR |DISP LOAD WORK RATE DIV DIV R FORCE WORK AVG MAX AT GRID C QONV KUD ITR
%$1.00000E-04 1 0 1.0000 2 8.19E-04 2.75E-04 2.66E-03 0.00 O 1 1.4E-05 1.467E-01 1.38E-03 5.818E-02 1421 1 1 0 2

 DISP LOAD WORK
— displacement, load and energy errors, must be smaller than the tolerances
EPSU, EPSP and EPSW
- CONV RATE
— should be between 0 and 1, bigger than 1 means the solution will never
converge
 ITRDIV
— divergence counter, > MAXDIV triggers the divergence process
- MAT DIV

— divergence counter for element and material routines
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OUTPUT - NONLINEAR ITERATION

0

NON-LINEAR ITERATION M ODUTLE OUTPUT

STIFFNESS UPDATE TIME 0.01 SECONDS SUBCASE 1 STEP 1
ITERATION TIME 0.14 SECONDS
- TIME STEP - - - ERROR FACTORS - - CONV ITR MAT AVG TOTL - - - - - DISP - - - - - - NO. TOT TOT
TIME NO. BIS ADJUST ITR DISP LOAD WORK RATE DIV DIV |R FORCE WORK AVG MAX AT GRID C ONV KUD ITR

- AVG R _FORCE

— average residual force, should be small
« TOTL WORK

— approximate total energy
 DISP: AVG MAX AT GRID C

— average, maximum displacement at grid in direction c
* NO. QNV

— Number of Quasi Newton Vectors
« TOTKUD/ITR

— Total of stiffness updates / iterations
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MASS SPECIFICATION

Similar to linear transient analysis.
CMASS1 and CMASS2 define scalar mass elements.

CMASS3 and CMASS4 define scalar mass elements connected
only to scalar points.

CONMH1 defines a 6 x 6 mass matrix for a grid point.

CONM2 defines a diagonal mass matrix for translational degrees
of freedom and a 3 x 3 full matrix for rotational degrees of
freedom at a grid point.

Element mass density is defined on the RHO field of the MATi
Bulk Data entry.

PARAM,COUPMASS,1 specifies the coupled mass matrix for
elements with coupled mass capability (BAR, BEAM, ROD, HEXA,
PENTA, TRIA, and TUBE elements).

Non structural mass PSHELL, PBEAM, etc.
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DAMPING

- Damping represents energy dissipation observed in structures.

- Difficult to accurately model since damping results from many
mechanisms:

— Viscous effects (dashpot, shock absorber)

— External friction (slippage in structural joints)
— Internal friction (characteristic of material type)
— Structural nonlinearities (plasticity)

- Analytical conveniences are used to model damping.

- Viscous damping force proportional to velocity

f, =bu

mii+bu+ku=p

MSGC A Software’



DAMPING

« Structural damping force proportional to displacement
[ =iGku i=-1
mii+(1+iG)ku=p G =structural damping coefficient

 Viscous and structural damping are equivalent at frequency ;.

with G = bwy  2Em;
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DAMPING

Damping

Structural Damping, fg = iGKu

Equivalent
Viscous

f, = bu

v

¥ b = Gklos

(D3 Q)]

MSGC



DAMPING SPECIFICATION

- Similar to linear transient analysis.

- Damping matrix B comprised of several matrices:

— Where

B=RB'+ B*= +£(K1 +K2gg)+wLdeKe +F i (U, 1)
4

W3
B' = damping elements (VISC,DAMP)
G = overall structural damping coefficient (PARAM,G)
W, = frequency of interest - rad/sec (PARAM,W3)
K" = global stiffness matrix
G, = element structural damping coefficient (GE on the MATI

entry)
W, = frequency of interest - rad/sec (PARAM, W4

K. = element stiffness matrix
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DAMPING SPECIFICATION

- Default values for W; and W, are 0.0. In this case, the associated
damping terms are ignored.

« Element damping is provided with PARAM,W4 and field GE in the
MATi entry.

- Damping matrix is not rotated.
— Caution for large rotation.
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DAMPING SPECIFICATION
- DAMPING PARAMETERS

PARAM,G, factor (default = 0.0)

 Overall structural damping coefficient to multiply stiffness matrix for linear
elements.

PARAM,W3, factor (default = 0.0)
« Converts overall structural damping to equivalent viscous damping.

PARAM,W4, factor (default = 0.0)
« Converts element structural damping to equivalent viscous damping.

Units for W3, W4 are radians/unit time.

If PARAM,G is used; PARAM,W3 must be set to greater than zero or
PARAM,G will be ignored.
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LOAD SPECIFICATION

- Three ways:
— Dynamic loads
— Static loads
— Nonlinear loads
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DYNAMIC LOADS

 Dynamic loads require both temporal and spatial distribution.
- A user needs to follow four steps to specify dynamic loads.

« The four steps are:
1. Define the load as a function of time (TLOAD:).
2. Define the spatial distribution of the load (DAREA, FORCE, etc.).
3. Combine the TLOAD:I entries via DLOAD entry.
4. Select the loads via the DLOAD Case Control command.
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DYNAMIC LOADS

« TLOAD1 Bulk Data Entry
— Description: Defines a time-dependent dynamic load or enforced motion of

the form

— Format:
1

2

3

{P(t)}={A"F(t-1)}

for use in transient response analysis.

4

5

10

TLOAD1

SID

DAREA

DELAY

TYPE

TID

— Example:

TLOAD1

13
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DYNAMIC LOADS

Field Contents

SID Set identification number. (Integer > 0).

DAREA |dentification number of DAREA entry set or a thermal load
set (in heat transfer analysis) which defines A. (Integer > 0).

DELAY |dentification number of DELAY entry set that defines t.

(Integer > 0, or blank).
TYPE Defines the nature of the dynamic excitation. (Integer 0, 1, 2,

3, or blank).

Integer

Excitation Function

0 or blank

Force or Moment

1

Enforced Displacement

2

Enforced Velocity

3

Enforced Acceleration

TID |dentification number of TABLED:I entry that gives F(t-t).

(Integer > 0).

MSGC
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DYNAMIC LOADS

- DAREA Bulk Data Entry

— Description: Defines scale (area) factors for dynamic loads. DAREA is
used in conjunction with RLOADiI and TLOAD:I entries.

— Format:
1 2 3 4 5 6 7 8 9 10
DAREA SID P1 C1 A1 P2 C2 A2
— Example:
DAREA 3 6 2 8.2 15 1 10.1
Field Contents
SID |dentification number. (Integer > 0).
Pi Grid, extra, or scalar point identification number.(Integer > 0).
Ci Component number. (Integer 1 through 6 for grid point;
blank or O for extra or scalar point).
Al Scale (area) factor. (Real).
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DYNAMIC LOADS

« TLOADZ2 Bulk Data Entry
— Description: Defines a time-dependent dynamic load or enforced motion of

the form
(P(1)) = 0 JgA<(Tl+r)ort>(T2+7)
| 47e" cosr FT +P) ,(Tl+7)<t<(T2+7)
for use in a transient response problem where  =t-T1 -1t.
!
— Format:
1 2 3 4 5 6 7 8 10
TLOAD2 SID DAREA DELAY TYPE T1 T2 F
C B
— Example:
TLOAD2 10 2.1 4.7 12




DYNAMIC LOADS

Field Contents

SID
DAREA

DELAY

TYPE

Set identification number. (Integer > 0).

|dentification number of DAREA entry set or a thermal load
set (in heat transfer analysis) that defines A. (Integer > 0).

|dentification number of DELAY entry set that defines t.
(Integer > 0, or blank).

Defines the nature of the dynamic excitation. (Integer O, 1, 2,
3 or blank).

Time constant. (Real > 0.0).

Time constant. (Real; T2 > T1).

Frequency in cycles per unit time. (Real > 0.0; Default = 0.0).
Phase angle in degrees. (Real; Default = 0.0).

Exponential coefficient. (Real; Default = 0.0).

Growth coefficient. (Real; Default = 0.0).
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DYNAMIC LOADS

 For a constant load, leave fields F, P, C, and B blank.

- For a cosine wave, specify F = 1.0, and leave fields P, C, and B
blank.

- For a sine wave, specify F = 1.0, P =-90° and leave fields C and B
blank.
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DYNAMIC LOADS

 DLOAD Bulk Data Entry

— Description: Defines a dynamic loading condition for frequency response or
transient response problems as a linear combination of load sets defined
via RLOAD1 or RLOAD2 entries for frequency response or TLOAD1 or
TLOAD?Z2 entries for transient response.

— Format:

1

2

10

DLOAD

SID

S1

L1

S2

L2

S3

L3

S4

L4

— Example:

DLOAD

17

-2.
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DYNAMIC LOADS

Field Contents

Sid Load set identification number. (Integer > 0).

S Scale factor. (Real).

Si Scale Factors. (Real).

Li Load set identification numbers of RLOAD1, RLOAD2,

TLOAD1, and TLOADZ2 entries. (Integer > 0).
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DYNAMIC LOADS EXAMPLE

- Step 1
- P1:

P1 P3
I
10 11 12
7 8 9
4 5 6
1 2 3

P1=1.0

P>= 20

P3=10.0

10.0

Load
Time
10.0
T_ Constant
v -
10.0
T 7\ Sine Wave
S !

10.0

TLOAD1,101,1,0,0,1

TLOAD1,102,2,0,0,2

or

TLOAD2,102,2,0,0.0,10.0
TLOADZ2,103,3,,0,0.0,10.0,1.0,-90.0
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DYNAMIC LOADS EXAMPLE

- Step 2

— DAREA,1,10,2,-1.0

— DAREA,2,12,1,-2.0

— DAREA,3,11,2,-10.0
« Step 3

— DLOAD,10,1.0,1.0,101,1.0,102,1.0,103
- Step 4

— DLOAD=10 in Case Control
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STATIC LOADS IN TRANSIENT ANALYSIS

« A user needs to follow five steps to specify static loads in
transient analysis.

« The five steps are:

1. Define the static loads using FORCEi, GRAV, MOMENTI, etc., that are
referenced by the LOAD Case Control command.

2. Define a LSEQ Bulk Data entry to point to a TLOADI entry and to a load set
that is referenced by a LOADSET Case Control command.

3. Define a TLOAD1 or TLOADZ2 entry to define a constant function with time.
Combine all the TLOAD: entries through the DLOAD Bulk Data entry.

5. Select the DLOAD entry through the DLOAD Case Control command and
the LSEQ entry through the LOADSET Case Control command.

B
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LSEQ ENTRY

- Defines static loads that will be applied dynamically.

« Relationship to other commands and entries:

DLOAD LOADSET
Case Control:
Bulk Data:
DLOAD LSEQ
, /\ N /\
Dynamic DAREA Static
Load Load
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LSEQ ENTRY (cont.)

- LSEQ Bulk Data Entry
— Description: Defines a sequence of static load sets.

— Format:
1 2 3 4 5 6 7 8 9 10
LSEQ SID DAREA LID TID
— Example:
LSEQ 100 200 1000 1001
Field Contents
SID Set identification of the set of LSEQ entries. (Integer > 0).
DAREA The DAREA set identification assigned to this static load

vector. (Integer > 0).
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LSEQ ENTRY (cont.)

Field
LID

TID

Contents

Load set identification number of a set of static load entries
such as those Referenced by the LOAD Case Control
command. (Integer > 0 or blank).

Temperature set identification of a set of thermal load
entries such as those referenced by the TEMP(LOAD)
Case Control Command. (Integer > 0 or blank).
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EXAMPLE: STATIC LOADS IN TRANSIENT ANALYSIS

- Aim: to specify gravity load in transient analysis.

« Solution:

— Step 5:

— Step 4:

— Step 3:

Case Control Section

DLOAD = 50011
LOADSET = 5000
—— to LSEQ

Bulk Data Section

DLOAD, 50011, 1.0, 1.0, 5001, 1.0, 4444,....
N ~ J
l Additional Loads

TLOADZ, 5001, 5002, , 0, 0.0, 99999., 0., 0.
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EXAMPLE:

(cont.)
— Step 3:

— Step 2:

— Step 1:

STATIC LOADS IN TRANSIENT ANALYSIS

TLOADZ2, 5001, 5002, , 0, 0.0, 99999., 0., O.

Defines a cos function
DAREA Link ID

l

LSEQ, 50(T)O, 5002, 5555

LOADSET ID ‘

GRAYV, 5555, , 380.,0.,0.,1.0
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NONLINEAR LOADS

- Allows for the specification of load at a particular degree of

freedom to be the function of displacement and velocity at
another degree of freedom.

- Example:

P(t) = f (u3)

- Load at grid point 1, displacement component 2 as a function of

the displacement component 1 at grid point 3.
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NONLINEAR LOADS (cont.)

Useful for specifying nonlinear springs and nonlinear damping.
Nonlinear loads are specified using NOLINi entries.

Four NOLINi entries (NOLIN1, NOLIN2, NOLIN3, and NOLIN4) to
specify mechanical loads.

Nonlinear loads are selected via the NONLINEAR Case Control
command.

Output of nonlinear loads via NLLOAD Case Control command.

Nonlinear loads cannot be selected via the DLOAD Case Control
command.

All degrees of freedom referenced on NOLINi entry must be
members of the solution set.
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NONLINEAR LOADS (cont.)

- Velocity for an independent degree of freedom (for the purpose of
loads) is calculated as
Ut _Ur—l
A

t

U, =

— Note: This may be different from that calculated in the
integration scheme. But it is acceptable.

 In all NOLINi entries a degree of freedom is specified by the grid
number and its component number.

- All loads generated with NOLINi entries lag behind by one time
step At.
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NONLINEAR LOADS (cont.)

 NOLIN1 Bulk Data Entry
— Description: Defines nonlinear transient forcing functions of the form.
Function of displacement: Pi(t) =S * T(ui(t)) (1)
Function of velocity: Pi(t) =S ™ T(u(t)) (2)
where u;(t) and u(t) are the displacement and velocity.at point GJ in the
direction of CJ.

— Format;:
1 2 3 4 5 6 7 8 10
NOLIN1 SID G1 C1 S GJ CJ TID
— Example:
NOLIN1 21 3 4 2.1 3 10 6
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NONLINEAR LOADS (cont.)

Field
SID
Gl

Cl

S
GJ
CJ

TID

Contents

Nonlinear load set identification number. (Integer > 0).

Grid, scalar, or extra point identification number at  which
nonlinear load is to be applied. (Integer > 0).

Component number for Gl. (0 < Integer < 6; blank or zero if
Gl is a scalar or extra point).

Scale factor. (Real).
Grid, scalar, or extra point identification number. (Integer > 0).
Component number for GJ according to the following table:

Type of point Displacement Velocity
Grid 1 <Integer<6 11 <Integer < 16
Scalar Blank or Zero Integer = 10
Extra Blank or Zero Integer = 10

|dentification number of a TABLEDI entry. (Integer > 0).
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NONLINEAR LOADS (cont.)
 NOLIN2 Bulk Data Entry

— Description: Defines nonlinear transient forcing functions of the form.
Pit) = S * X\(t) * X,(t)

where X; and X, can be either displacement or velocity at points G; and G,

in the directions of C; and C,.

— Format;:
1 2 3 4 5 6 7 8 9 10
NOLIN2 SID G1 C1 S GJ cJ GK CK
— Example:
NOLIN2 14 2 1 29 2 1 2
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NONLINEAR LOADS (cont.)

 NOLIN3 Bulk Data Entry
— Description: Defines nonlinear transient forcing functions of the form.

P )= {S*[Xj O], X, (t)>0
0 X (1)<0
where may be a displacement or a velocity at point GJ in the direction of
CJ.
— Format:
1 2 3 4 5 6 7 10
NOLIN3 SID G1 C1 5 GJ CJ
— Example:
NOLIN3 4 102 -6.1 2 15
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NONLINEAR LOADS (cont.)
 NOLIN4 Bulk Data Entry

— Description: Defines nonlinear transient forcing functions of the form.
-S*[-X.(O]", X, () <0
X, ()20

ro-|

0

where may be a displacement or a velocity at point GJ in the direction of

CJ.
— Format:
1 2 3 4 6 7 8 10
NOLIN4 SID G1 C1 GJ CJ A
— Example:
NOLIN4 2 4 6 101 16.3
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INITIAL CONDITIONS

- May impose initial displacements and/or velocities with a TIC Bulk
Data entry.

« |C Case Control command selects TIC entries in the Bulk Data
Section.

- Warning: Initial conditions for unspecified degrees of freedom are
set to zero.

- Initial conditions may be specified only for A-set degrees of
freedom.
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NONLINEAR TRANSIENT DYNAMIC
ANALYSIS OF A BEAM

CASE STUDY

NAS400, Appendix B, January 2015
Copyright© 2015 MSC.Software Corporation
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PROBLEM DESCRIPTION

* In this study, a cantilever beam is subjected to a ramped load.
Earlier (Workshop 1) we performed a static analysis using both
small, and large deflection. Now we will analyze it with a nonlinear
transient dynamic procedure, assuming the load is ramped up to
the full value of 6000 Ibs in 0.10 second.

Section A-A ||

(Data on next page)

rrrrrrrrrrrrrrrrrrrrrrrrr
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PROBLEM DESCRIPTION (CONT,)

P ~{ap+ N
— Y b
| Section A-ALI—

Length, L 100.0 in 2.54m
a 1.0in 25.4 mm
b 2.0in 50.8 mm
Young’s Modulus 30.0 x 1081b/in3 207 GPa

Poisson’s Ratio 0.3 0.3

P 6000 Ib 27200 N
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PROBLEM DESCRIPTION (CONT.)

* The simulation is to use 3D solid finite elements. The elements
are uniformly spaced along the length of the beam (i.e. a mesh
100 elements long and four elements deep).

* Objective:
— Nonlinear Static vs. Nonlinear Transient Dynamic Analysis.
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COMPARE YOUR RESULTS

Y-Displacement at Tip

9.98+001
9.32+001

Fringe: DEFAULT SC1. Al Static Subcass. Displacemenits. Translational. Magritude. (NON-LAYERED)
Defarm: DEFAULT SCT, Al:Static

8.685+001
7.99+001
7.32+001
6.85+001
5.99+001
5.32+001
4.68+001
5.99+001
3.33+001
2.86+001
2.00+001
1.33+001
6.85+000f
0

default_Fringe

Max 9.88+001 @Nd 101

Pos+001 Min 0.@Nd 1

. default_Deformation :
i Max 9.98+001 @Nd 101

Nonlinear Static

Fringe: SC1:, Al:Nondinear: 100. % of Load_2, Displacemerits, Translational, ¥ Component, (NON-LAYERED) 0

05+000)
-8.10+000)
-1.21+001
-1.62+001
-2.02+001
-2.43+001
-2.83+001
-3.24+001
-8.64+001
-4.05+001
-4.45+001
-4.86+001
-6.26+001

-6.67+001
-6.07+001
default_Fringe
Max 0. @Nd 1
Min -6.07+001 @Nd 505
default_Deforrnation
Max 6.66+001 @Nd BOB

6.07+001

L.

Nonlinear Transient Dynamic
(100% of load)
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PLOT RESULTS

M Tip_Load.db: 3

LEGEND
Mode 101: Displacements, Translational, ¥
0 - . . .
Y-Displacement at Tip vs. Time (undamped)

=  -1.50+001
=
o
@
v -3.00+001
=
g
|__
& -4B0+001
=
)
=
@
& -B.00+001
=1
D
[

-7.50+001

-9.00+00 T T T T T |

0. 4.50-002 8.00-002 1.35-001 1.80-001 2.25-00m 2.70-001
Time

Nonlinear Transient Dynamic
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PLOT RESULTS

M test1.db: 3

Displacements, Translational

-1.00+00

-2.00+007

-3.00+00

-4.00+007

-5.00+001

-5.00+00

=
=]

A=

LEGEND

Mode 101 Displacements, Translational, ™

Y-Displacement at Tip vs. Time (damped)

0.

T T T I I 1
4.50-002 9.00-002 1.35-001 1.80-001 2.25-001 2.70-001

Time

Nonlinear Transient Dynamic
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HINTS AND RECOMMENDATIONS

Identify the type of nonlinearity.

Localize nonlinear region.

Divide time history by subcases for convenience.
Select default values to start - TSTEPNL.

Pick time step size based on highest frequency of interest.

Twelve or more steps per cycle.
Some damping is desirable for numerical stability.
Avoid massless degrees of freedom.

Use PFNT for highly nonlinear problems.
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MS&Software“

- Perform Workshop B1: Normal Modes Analysis of a Pre-stiffened
Blade

EXERCISE



EXERCISE
* Perform Workshop B2:

NAS400, Appendix B, January 2015
Copyright© 2015 MSC.Software Corporation

Dynamic Collapse of a Cylinder

MSGC
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