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SIEMENS

Material Nonlinearity
Transient (time-dependent) loading
Large displacement

Contact due to
» Closure or opening of large gaps

Rigid contact bodies
“Double-sided” contact

Edge to Edge contact

Collision or impact

Unrestricted © Siemens AG 2013 All rights reserved.
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NX Nastran Basic Nonlinear vs.
NX Nastran Advanced Nonlinear

SIEMENS

NX Nastran NX Nastran
Capability Basic Nonlinear Advanced Nonlinear
Large Strain (> 10%) - v
Linear Elastic Material v v
Elasto-plastic Material v v
Plastic Material v v
Creep Material v v
Hyperelastic Material v/(added in NX Nastran 8) 4
Transient loading v v
Gap and Slide Line Contact v v
Rigid Body Contact - v
Double-sided Contact - v
Edge-to-edge Contact v -
Impact - v

UTITCourTteitcu SDICTTTICTITO MO UL AT TIyIito TToTTvVeU.
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Nonlinear Material Models

SIEMENS

For Isotropic materials, select the Nonlinear
tab in the Define Material dialog box

Specify the Nonlinearity Type and their
parameters

Hyperelastic materials are designated by
setting the Type to Hyperelastic

Hyperelastic material properties
are complex and should be supplied by the
material supplier or by testing

Define Material - ISOTROPIC s

ID|1 Titte Copper Sheet Color 104  |Palette... Layer 1 Type...

General | Function References | Monlinear | ply/Bond Failure | Creep | Blectrical/Optical | Phase

Nonlinearity Type ‘field Function
Nonlinear Eiastic ‘ield Criterion  0..von Mises -
Elasto-Plastic {Bi-linear
None ¢ ) Initial Yield Stress 270,
@ Plastic

Nonlinear Properties
Extended Material Model...

Hardening Rule 0..Isotropic -

Function Dependence 1..Copper Alloy - Stress

Define Material - HYPERELASTIC =

ID | 14001 Title Hyperelastic Color 137  |Palette... Layer 1 Type...

General |pPhase

Distortional Deformation Constants (Aij)

.. Material Type [51}1..N)<Nastmn erelastic Mooney-Rivlin (Sal 601,701
Additional NX Nastran - ’
Nonlinear Materials are
available as “Other Types”

. yperelas poney-Riviin (Sol 601,701
502..NX Mastran Hyperelastic Hyperfoam (Sl 601./701)
503..NX Mastran Hyperelastic Ogden (Sol 601,701)
504..NX Mastran Hyperelastic Amuda-Boyce (Sol 601/701)
505..NX Nastran Gasket Matenal (Sol 601)
. i i 506..Mastran Fluid Material (MAT10)
r < 507..NX Nastran Hyperelastic Sussman-Bathe (Sol 801/701)
Unrestricted © Siemens AG 2013 All rights res e e S e e
5089. Mastran Equivalent Laminate (Muttiple MATZ)
Page 6 510..NX Mastran Viscoelastic {Sol 601)

0 1 2 3 4 5
0 0.0 423000. 0 0 0. 0
1 1500000, 0. 0. 0. 0.
2 0 0 0 0.
- 30 0. 0
A’ 4 0. 0
50

Volumetric Deformation Constants {Di)

Default to 0.0 4114000, a. 0. a. 0.
Strain Energy Polynomial Order (0=Default)

1 Distortional 0 Volumetric 0 Therm Exp 0.

| Experimental Data Functions (CirlF to Select, Blank=Constant) Mass Density | 0.

Simple Equibiaxial Simple Shear  Pure Shear Pure Vol Damping 0.
Ten/Comp Tension Compression
1 0 1 0 a RefTemp a.
M | Load... | | Save... | ‘ Copy... | [ oK. ] | Cancel |
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Define Material - ISOTROPIC

Treated (T&) Wrought Palette...

General | Function References | Monlinear | Creep | ElectricalfOptical Phase

No strain hardening

~Morlinearity Tvpe *field Funiction
() Nonlinear Elastic

« Used only for Isotropic materials.

Yield Criterion | 0..von Mises v |
Elasto-Plastic  Bi-Linear
Otere O ¢ 1| it vied stress
() Plastic

~ Monlinear Properties 5
I Extended Material Model... I

Plasticity Modulus, H

Compute From Tangent Modulus, EE... |

» Define with a vs. Stress OR a
Stress vs. Strain Function

Hardening Fule | 0..Isotropic

vl
m}

o

0553

0513 cennnnnnnns

0,391 1 -
/
035!
; /
/

T T e
. g
7. T8 TSRS VARPNRNSNPR SNRRPPRRE: NANSNRRSARS: RSPRRRRIIN NPT SRURSISRRE SUPRRURRI SUNSSRRNRN PRI RIS NN SOS— B ATPPPTTIITT R, o B STTTTOSSA
0 I
.B. 4285 sBn 1285 1m4 2142 2511 300, 29 kL 42856 a4 5143 E5T.1 B00. 6420 BBST T8 ma 8143 &5 1 00,

1 Alurmnun Strain v Stress
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Elasto-Plastic Material

Basic assumptions: g
Von Mises yield condition
Isotropic, kinematic or mixed hardening o s putinsead of £T
Bilinear or multi-linear stress-strain curves =
Thermal strains can be included : D S e
This material can be used with: al
Small displacements/small strains | (E>ET,ET2,ET3 >0
Large displacements/small strains . strain
Large displacements/large strains M 3 ‘;‘
Temperature dependence 9_
, s el & s

Unrestricted © Siemens AG 2013 All rights reserved.
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Nonlinear Plastic Material

Strain hardening

Specify Initial Yield Stress, Yield Criterion and Function Dependence (vs.
Stress or Stress vs. Strain Function)

0.75 = B A p [ A

0.711 femmmemmenes boeee - : ‘ ‘ : : : — B
; Define Material - ISOTROPIC X
0,671 : :

B (o} Title | Treated (Te) Wrought Color | 104 Layet | 1

0.632
General | Function References | Nonlinear | Creep | ElectricalfOptical | Phase
0.592 Manlinearity Type ield Function
0,553 O honlinar Elastic ‘ield Criterion | 0,.von Mises -
) ONDnE O Elasto-Plastic ( B-Linear ) Initial Yield Stress | 505,
05134 (8 Plastic .
0.474+ anlnear Properties Extended Material Model. ..
0,434
0.395+
Hardering Rule 0..Isotropic -
0.355— Function Dependence | 12, aluminum Strain vs,
0.316+
0.276—
0.237
0,197+
0,158+
I Load.., ] [ Save.., ] [ Copy... ] I [s]4 } [ Cancel
0118+
00785 : T — e
0 0395 SR O SO SO SR I S A ISR SN I N S SR — -
u i T T i T j i . . i \ \ . . i i i i i i i
] 42.86 85.71 1286 1714 2143 2571 El] 429 3667 4286 4714 5143 5571 GO0, 6429 657 Tehh 74 8143 8571 400

Function Values

1: Aluminum Strain ve. Stress
OTITTOTIToTTO OTCTTTCTTO 7T ZUTO 7T TTYTITo TCoOTT Voo
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Define Material - ISOTRO

D1 Tite | Generic Carbon Steel| | Color 137  |Palette... | Layer 1 Type...

General | Function References | Monlinear | Ply/Bond Failure | Creep | Electrical/Optical | Phase |
| Stiffness Limit Stress '

Simple Test Coupon Meshed with Hex
Elements

Youngs Modulus, E 200000, Tension 472,

* Applied Tension Load = 2 MegaN Gerbodiss 0. copesen

Poisson's Ratio, nu 0,285 Shear 0.

Thermal

Generic Carbon Steel Material BosnCoeffia 00BS o ems

| Conductivity, k 0. e —
Define Material - ISOTROPIC e
* E =200,000 Mpa — —
1 o1 Title Generic Carbon Steel Color 137  |Palette... Layer 1 Type...
- Yield Stress = 472 MPa i B S
- || Monlinearity Type Yield Function
(© Nonlinear Elastic Vield Criterion  0..von Mises -
- - ) None (7) Elasto-Plastic { Bi-Linear ) it ied Stress a7z
Generic Carbon Steel Stress vs, Strain (@) Plastic
W
Monlinear Properties
i Extended Material Model... |
Plasticity Modulus, H
00
Compute From Tangent Modulus, Et... ]
L
o Hardening Rule 0..Isotropic -
" Function Dependence 1, Generic Carbon Steel
-8 Gereric Caron Stee! - Sress v Srain
00
-0
300
0
1001
Yo o o ate a0 o ok 04 036 038 [ 02

(bo) [ toad | [ save.. | |
Unrestricted © Siemens AG 2013 All rights reserved. '
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Comparison between NX Nastran Linear Statics,
Basic Nonlinear and Advanced Nonlinear Analyses

Output Set: NX NASTRAN Case 1 0.00446 QOutput Set Basic Nonlinear Statics - Percent of Total Applied Load = 100 0.194
Deformed(1.522): Total Translation ' Deformed{36.21): Total Translation ) 0.155
Elemental Contour: Solid Von Mises Strain 0.0036 Elemental Contour: Solid Von Mises Strain
0.117
0.00274
0.0781
0.00189
0.0395
0.00103
0.000947
Output Set: NX NASTRAN Case 1 1041. Qutput Set: Basic Nonlinear Statics - Percent of Total Applied Load = 100 1035.
Elemental Contour: Solid Von Mises Stress 861.1 Elemental Contour: Solid Von Mises Stress
g 836.1
680.7 637,
500.4 438
320. 238.9
139.7
. Qutput Set: Adv NL Statics - Percent of Total Applied Load = 100 0.151
Maximum Deformed(26.79): Total Translation 0.121
Von Mises Axial Elemental Contour: Solid Von Mises Strain ’
. 0.0907
Stress Deformation
0.0607
Linear Statics 1041 MPa 1.52 mm 0.0308
0.000868
NL Stat-l cs with 1035 MPa 36.2 mm Qutput Set: Adv NL Statics - Percent of Total Applied Load = 100 1219,
P| asti Clty Elemental Contour: Solid Von Mises Stress
979.9
Adv. NL Statics 7405
. . 1218 Mpa 26.8 mm
with Plasticity 501.1
261.6

Unrestricted © Siemens AG 2013 All rights reserved.
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Solid Von Mises Stress vs. Strain - Generic Carbon Steel
[02505, 1218

1100 7 0.184006, 103441

1000

— Basic Monlinear - Max Von Mises Stress vs, Strain

— Advanced Monlinear - Max Von Mises Stress vs, Strain

Von Mises Stress (MPa)

0,0
0 T T T T T T T
o 0.025 005 0075 o1 0125 015 0175 0.2

WVan Mises Strain

Unrestricted © Siemens AG 2013 All rights reserved.
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NX Nastran Basic Nonlinear Analysis
Settings

All NX Nastran Basic Nonlinear analyses
require the specification of:

Basic lteration settings

Stiffness Updates

Output Control

Convergence Tolerances

Optional Solution Strategy Overrides

Define these options in either:

As part of a Load Set in the Load Set Options
for Nonlinear Analysis dialog box OR

Nonlinear Options in an Analysis Set’s Master
Requests and Conditions — Nonlinear Options
dialog box

Unrestricted © Siemens AG 2013 All rights reserved.
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- ~
Load Set Options for Nonlinear Analysis &J
Load Set 1 Mormal Hole Load
Solution Type
Off @) Static Creep Transient
Basic Conver gence Tolerances
Number of Increments 0 Displacemen t
Load
Max Iterations [ Step Work
Stiffness Updates Solution Strategy Overrides
Method 0..Default - Arc-Length Method
Iterations Before Update @) None or Advanced Overrides
Full Mewton-Raphson
Qutput Control Modified Newton-Raphson
Intermediate 0..Default - iz
Bisection
e 5
Nonlinear Control Options &
Use Load Set Options
Control Options | Advance: dOptions
Skip NLPARM Creep
Basic Conver gence Tolerances
Incremen ts or Time Steps 100 Displacemen t 0.001
| Load 0.001
Max Iterations [ Step 99 V| Work 1E-7
Stiffness Updates Solution Strategy Overrides
Method 0..Default - Arc-Length Method
Iterations Before Update 5 @ None or Advanced Overrides
Full Newton-Raphson
QOutput Control Modified Mewton-Raphson
Intermediate 1..YES - Are
Prev... | [ Mext... ] | Defaults | | oK | | Cancel |
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NX Nastran Basic Nonlinear -

Significant Differences in Analysis Options

Nonlinear | Nonlinear
Analysis Set Manager Options Statics Transient

Stiffened Modal — Runs a Stress-
stiffened Normal Modes Analysis
at the End of each Subcase

Multi-Case

Modal/Buckling + Dynamics —

equivalent to a Direct or Modal

Transient Dynamic Response

analysis with Nonlinear Materials

* Nonlinear damping must be
specified as a material attribute

* Force and GPForce results not
available

Nonlinear Options — Creep

Unrestricted © Siemens AG 2013 All rights reserved.
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v

=R Analysis Set : 1..MX Nastran ML Static Analysis Set
- Solver 1 NX Nastran

- Type : Monlinear Static

- Analyze : Local

= Options

[+]- Executive/Solution

SIEMENS

H-Bulk Data
H- GEOMCHECK.
H - MODELCHECK

[E
£
[
Ej--stiﬁ‘ened Modal I
- External Superelement Reference

=) Master Reguests and Conditions

- Title : Untitled

E]-- Monlinear Options I
[+~ Boundary Conditions
[E

H- Qutput Requests

- Mo Cases Defined

=R Analysis Set : 1..MX Nastran ML Trans Analysis Set
- Solver 1 NX Nastran

- Type : Nonlinear Transient Response

- Analyze : Local

= Options

[
[E
E

H- Executive/Solution
H-Bulk Data

H- GEOMCHECK.

- MODELCHECK.

H- Modal Buckling

H- Dynamics

H- External Superelement Reference
aster Requests and Conditions

H- Nonlinear Options
+|- Boundary Conditions

H- Output Requests

Siemens PLM Software




Contact Modeling —

NX Nastran Basic Nonlinear

Contact can be modeled with two (2) element types:

SIEMENS

SLIDE LINE — element node connectivity must be defined correctly
GAP — use the Mesh > Connect > Closest Link tool to create multiple Gap

element connections

From Node

12345

Generate Connection Options

Mode and Element Options

Mode ID 1001 5 0..Basic Rectangular

EemD 103 Property  4..GAP Property

From Node

To Node From Node To Node
12345 345
Define Property - GAP Element Type Lji:-
2 L OGP Property] 5
5 —
ﬁ Color 2049¢ [Paletie... | Layer 1
[ orientation CSys 0..Basic R
Property Values Additional NASTRAN Options
= / Initial Gap 25 daptve  MaxPenetration 0.
=== Compression Sti ffness 0. djastmen
Tension Stiffness 0 Hataekahetia | 0
y ¥ Friction = Static, Z Friction = Kinetic
Transverse stiffness 0
Interface Element Options
¥ Friction Coeffident 0.
Normal X 0. Width or Area
iction Coefficent 0
¥| 0. o.
Preload Force 0. 2 0.
Load... | | Save.. | ‘ Copya. | oK | ‘ i |
12345 345
To Node From Node To Node

Unrestricted © Siemens AG 2013 All rights reserved.
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The Orientation vector of a gap
element defines the direction of
positive direction of a GAP
element.

Unrestricted © Siemens AG 2013 All rights reserved.
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Distance between GAP nodes = 10
Initial Gap Distance = 2.5
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SIEMENS
GAP Element Example —
Use of Orientation Vector and Initial Gap Distance

Applied Displacement of 010 -5 Qupuser Soeres Pipechmenton GAP Eement =025

to0 app“ed to the r|ght end of 2DContourVVec: T1 Translation 4.5
the GAP element ST T ;5' ]

GAP element is oriented with 235'

the X-Axis of the Global 5

Rectangular CSYS 1.5

1.

Initial Gap Is set to 2.5 05

0.

Note how the top of the beam 05

starts to displace after the GAP 1.

displacement = 2.5 -

-2.5

-3.

-3.5

4.
-4.5 .
5.

Page 17 Siemens PLM Software
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SIEMENS
GAP Element Example —
Use of Orientation Vector and Initial Gap Distance

Applied Displacement of 0 to -5 Qupuse: ewrsed P clomery sppiedDiplcement=025

to +5 to O app“ed to the nght end 2DContourVec: T1 Translation -

of the GAP element —AE 4% N

GAP element is oriented with it

the X-Axis of the Global .

Rectangular CSYS '

25

GAP element is reversed and .

the Initial Gap is set to -2.5 '

0.5

Note how the top of the beam .

starts to displace after the GAP '

. -1.5
displacement = 2.5

25

-3.5

4.5

Unrestricted © Siemens AG 2013 All rights reserved.
Page 18 Siemens PLM Software



SIEMENS

NX Nastran Advanced Nonlinear Statics and
Transient vs. Advanced Nonlinear Explicit

NX Nastran Advanced Nonlinear Static /
Advanced Nonlinear Transient (SOL 601)

NX Nastran Advanced Nonlinear Explicit
(SOL 701)

For statics and low frequencies dominate the
dynamic response of the structure.

Examples: crush analysis, earthquake response

For problems of highly dynamic, short duration
events.

Examples: wave propagation, high speed impact

Unconditionally stable, so larger time steps can
be used

Conditionally stable; need small time steps

Equilibrium satisfied; greater confidence in
solution

More difficult to assess quality of solution

Assembly and solution of matrix with equilibrium
iterations; computational effort per step is high

No matrix assembly and no iterations;
computational effort per step is low

Requires more memory

Less memory for same mesh

All supported elements can be used

Certain elements and materials not supported

Solution may fail to converge in equilibrium
iterations

Analysis may fail due to diverging solution

Unrestricted © Siemens AG 2013 All rights reserved.
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SIEMENS
NX Nastran Advanced Nonlinear Solver - Range of

Analyses
Linear Nonlinear Analysis
Displacement Small Small Small Large Large
Strain Small Small Small Small Large

Default is small displacement, small strain

Large strain (PARAM,LGSTRN,1) automatically implies large displacement
(PARAM,LGDISP,1)

Set in the Analysis Set's NASTRAN Bulk Data Options dialog box.

Large strain formulation is used only for 3D solid, plane strain, axisymmetric and
shell elements

Hyperelastic material models (MATHP and MATHE) automatically use large
strain formulation

Unrestricted © Siemens AG 2013 All rights reserved.
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SIEMENS
Which Advanced Nonlinear Solution Should You
Use?

In general, use Advanced Nonlinear Statics or Advanced Nonlinear Transient

Use Advanced Nonlinear Transient if inertia effects are important — otherwise
use Advanced Nonlinear Statics

If SOL 601 fails to converge, use SOL 701 and compare results at the last SOL
601 converged step

You can also do a restart of a Sol601 solution in Sol701

Note that for certain classes of problems, such as drop tests and metal forming,
both solutions may be comparable in performance

Unrestricted © Siemens AG 2013 All rights reserved.
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Advanced Nonlinear Explicit Notes

Several NX Nastran elements supported for Sol601 are not supported in Sol701.:
Plane strain and axisymmetric elements

Higher-order elements parabolic elements are also not supported such as 10-
node tetrahedrals, 20-node bricks, and 8-node shells

Reduced integration elements with hour-glassing should not be used. Using such
element formulations can have adverse effects on the accuracy of the solution.

Gasket and creep materials are not supported. For hyperlastic materials,
Mooney-Rivlin and Ogden models are supported but not Arruda-Boyce and
hyperfoam models.

Nearly incompressible material will significantly reduce the stable time step size.
The compressibility of the material can be increased (e.g., reducing bulk modulus
of hyperelastic materials) to achieve a reasonable time step size

Glued contact and pre-load bolt features are not available

Unrestricted © Siemens AG 2013 All rights reserved.
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NX Nastran Advanced Nonlinear -
Setting Connection Properties

SIEMENS

To set the Connection Property for Advanced Nonlinear problems involving
contact, you will need to select either the NX Adv Nonlin tab or the NX Explicit
tab in the Define Connection Property dialog box.

Specify the Contact Type as Contact or Glued for Sol601.

For details on these settings, see Sections 4.4.3.2 and 4.4.3.3 of the Femap

‘ 0 m m an d S I ' lan u al Define Connection Property =5 Define Connection Property [
.
D 1 Title Connect Type D1 Title Connect Type
Set Double-Sided and L - e o B .
I Linear | NX Adv Nonlin | nx Expliat | aBaquS | ansys | marc | Ls-Dvna | nEiMastran NX Linear X Adv Nonlin | NX Explicit | ABaqQus | ansys | MaRC | Ls-D¥NA | NEiNastran
. Glued Contact Property { BGSET ) General Standard Contact Algorithm
Offset Type options for o B ] et §
Double-Sided
General | Standard Contact Algorithm Init Penetration Duration 0.
ContsctType  [0.ConswantFuncion =]  Disp Formulation [0, Lise NXSTRAT CTDIS Initial Penetration |0 Eliminate -
anar element contac i s | -
Double-Sided X § Penetration Depth 0.
Consistent Stiffness 0
Tnitial Penetration 0. Biminate M Tied Tolerance SegmentNormal [0, Default )
General v Init Penetration Duration a. OffsetType |U Siole ded ‘
Fenetration Depth 0. Surface Extension Factor 0. Offset Distance o
—_— Friction a.
W | Double-Sided Segment Normal [0 Defaul: ) Friction Model  |0..Default (Param 1) = |
—_— Offset Type |U‘ \Single Sided  « | Time Activation
L . L Friction Param 1 0.
-
Initial Penetration 0..Eliminate Offset Distance 0. Birth Time 0,
Birth Time 0. Death Time o. Current Rigid Contact Algorithm
Death Time 0. 0ld Rigid Contact Algorithm
Penetration Depth a.
Constraint Function Contact Algorithm
Seament Mormal | 0..Default hd | Mormal Constraint 0 Friction Delay
) ) Frictional Constraint 0.
Offset Type 0..5ingle Sided -
Compliance Factor 0.
. 0, gle Sided
Offset Distance - -
1..5ingle/Double Side
2..Half Shell Thick
.
| Defaults ‘ | Load... ‘ | Save... ‘ ‘ Copy... | [ OK. ] ‘ Cancel Defaults | ‘ Load... | ‘ Save... | | Copy... ‘ | OK ‘ | Cancel ‘

Unrestricted © siemens AG 2013 All rights ress=—<=
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Advanced Nonlinear Connection Regions

Advanced Nonlinear supports both flexible and RIGID Connection Regions:
Both regions can be modeled with either Surfaces or Element Faces
Correct specification of positive or negative directions are critical

A single Connection Region should be tangent continuous within a reasonable
tolerance — i.e, no sharp discontinuities

Unrestricted © Siemens AG 2013 All rights reserved.
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RIGID regions require a Reference Node and can only have Enforced
Displacement or Enforced Rotation loads applied to the Reference Noden

RIGID regions internally are treated as
surfaces, therefore, mesh size, aspect
ratio and distortion on planar regions
IS not critical — e.g. a planar surface
can be meshed as a single element

Offsets and shell thicknesses are
ignored, use for display purpose

« Femap requires the assignment of a
material to the solid or shell element
faces and a positive thickness
attribute for shell elements

Unrestricted © Siemens AG 2013 All rights reserved.
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Advanced Nonlinear Static/Transient Analysis
NXSTRAT Solver Parameters

SIEMENS

" Analysis Set Manager (Active: 3..Advance... Elﬂléj

B~ Analysis Set @ 3..Advanced Nonlinear Statics

- Solver @ NX Nastran
- Type : Advanced Monlinear Static
- Analyze : Local

[=- Options

H- Executive (Solution

t- Bulk Data

Hl- GEOMCHECK

Hl- MODELCHECK

=R Advanced Monlinear Solver
- Time Steps @ 100

- Initial Time Increment : 0.
- Output Step Interval ; 1

- Solver @ Direct Sparse

- Mass Formulation : Consistent
- Subgroups : 0

- Results In : Material CSys

[=l- Advanced Monlinear Iteration/ConvergeNge
- Auto Increment : On

- Smallest Step Divisor @ 10

- Largest Step Multiplier ; 1.

- Step Size Flag : Automatic

- Sub-Inc Division Factor : 2.

- Max Iterations per Step : 99

- Line Search : Off

- Convergence : Energy

- Energy Tolerance : 0.001

- Contact Force Tolerance @ 0.05
- Reference Contact Force : 0.01
[+ External Superelement Reference

[E
E
£
[E

£

H- Master Requests and Conditions

Analyze Multiple. ..

m
A
T

Ur

MNXSTRAT Solver Parameters

Time Steps

Mumber of Steps 100
Time Increment 0.01

Output Every Nth Step 1

Analysis Contral

Solver 0..Direct Sparse - ]

Multigrid Solver

1000
LE-6
LE%
1LE8
Restart Oplions
@ Normal () Restart Previous
() Recover Results
a.
Results Freguency 0
Mass Formulation
@ Consistent () Lumped
Other Parameters
Baolt Force Increments 1
Mum Subgroups 0

|
Analysis Options

Large Strain Form [U. JAuto v]

2..Gauss Integral

Shell DOF Angle 5.

Shell Thickness Integ

Element Death Time Delay 0.

[ matrix Stabilization Factor 1.E-12
|| ujp Formulation for Almost Incompressible
|| Displacements Applied to Deformed

Loads Change with Deformation
Incompatible Modes for 4 Node Shells
Max Disp/Tteration 0.

Drilling DOF Factor 1E-4

Translation Options
["]3/274ode Element Conversion

REAR opt [0. .Small Rigid, Large Flex ']
REE2opt  [0..SmallRigid, Large Flex |
Rigid Elem Spring Stiffness a.

Rigid Elem Younag's Mod a
Rigid Elem Effective Area Q.
Rigid Elem Critical Length a

|:| Convert Dependency to True Stress
[] Allow Element Rupture
Solid Results in Material CSys

Cancel

Lo ]

Use to specify multiple time increment steps

Page 26
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SIEMENS
Advanced Nonlinear Static/Transient Analysis
NXSTRAT Solver Parameters

Specify the Solver as one Of: NXSTRAT Solver Parameters [i_E-J
Time Steps Analysis Options
. mber o < Large Strain Form |D..Auto v|
Direct Sparse — default solver g e
Multigrid — use for very large models oupREyNhSED |1 ey

Analysis Control

with Solid Tetrahedral elements only = —" e e =

u/p Formulation for Almost Incompressible
0..Direct Sparse .

Displacements Applied to Deformed

Multigrid Sob, 1..Multigrid J|

3D lterative — use for models with 23D lerave
mainly higher order solid elements

| Loads Change with Deformation
| Incompatible Modes for 4 Mode Shells

i Max Disp/Tteration 0.
; Driling DOF Factor LE-4
- Translation Options
Convert Dependency to True Stress ewiopos Do || |
. . @ Mormal REAR opt 0..5mall Rigid, Large Flex -
can be used when Material attributes are T T oy e——
defined using true Stress/Strain values P E:jjj::jj::jj;:m .
Mass Formulation Rigid Elem Effective Area 0.
@ Consistent Lumped Rigid Elem Critical Length 0.

Other Parameters

Allow Element Rupture — when element

stress exceeds max allowable, element is s e
removed from subsequent solution time i
steps (including Stiffness, Mass, etc.)

| Solid Results in Material CSys

| Prev... H Mext... ] | Extra Time Steps... | | Ok || Cancel
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e
" Analysis Set Manager (Active: 1..Advance... (o=
Time Steps Analysis Options

Number of Steps 100 Large Strain Form 0. Auto
r Shell Thickness Integ 2..Gauss Integr

= Analysis Set : 1..Advanced Nonlinear Statics
- Solver @ NX Nastran

- Type : Advanced Monlinear Static Analyze Multiple...
- Analyze : Local

(= Options

G- Executive/Solution

Time Increment

OutputEvery Nth Step 1 Shell DOF Angle 5.
Element Death Time Delay 0.

Analysis Control
Matrix Stabilization Factor

Solver [n.mmm '] u/p Formulation for Almost Incompressible
Multigrid Solver Displacements Applied to Deformed

MultiSet... Loads Change with Deformation
Max Iterations m
[¥] Incompatible Modes for 4 Mode Shells
Copy EPSIA Tolerance - -
Max Disp/Iteration 0.
Delete EPSIE Tolerance
y Drilling DOF Factor
EPSII Tolerance
Results In : Material CSys Translation Options

[+ Advanced Nonlinear Iteration/Convergence Restart Options 9/27Mode Element Conversion

[~ External Superelement Reference () Restart Previous =
- Master Requests and Conditions 1@ Normal REAR opt [“—-Smdm Large Flex

() Recover Results REE2 apt [ﬂ.&nﬂﬂmlﬂﬂ!m
Restart at Time Rigid Elem Spring Stiffness o
Results Frequency 0 Rigid Elem Young's Mod o
Mass Formulation Rigid Elem Effective Area 0.
@ Consistent (7 Lumped Rigid Elem Critical Length 0

Other Parameters

:

Convert Dependency to True Stress
S allow Element Rupture
Num Subgraoups Solid Results in Material CSys

Bolt Force Increments

e o) ottt ) (o[

Use to specify time steps with differing Time Increments

Unrestricted © Siemens AG 2013 All rights reserved.
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NXSTRAT Iteration and Convergence Parameters

Analysis Control Equilibrium Iteration and Convergence Line Search Settings
= Analysis et : 1..Advanced Nonlinear Statics —_—
Auto Increment | 1..0n i i ance
- Solver : N¥ Nastran L) e _ : 7] MaxI [step 15 Line Search Toler 0.5
- Type : Advanced Norlinear Static Analyze Multiple... BB EE S A M. Line Search Energy Thresh 0.
[];:?::: : Local Auto Time Stepping o Line Search Lower Bound 0.001
=l d . 1 C .onvergence ..Eﬂg\‘ h
(i Executive/Solution Smallest Step Divisor 1 ————  LineSearchUpperBound 8.
-Bulk Data i Largest Step Multiplier 3 Eoesa e p.001 Mewrmnark Time Integration
- GEOMCHECK T
- Seosirn [omsc ) CovraTd D5 g coi
- MODELCHECK  Previewlnput ||| || StepSeeF0 o, muomatc <] 005 AphaCoefcent o
- Advanced Nonlinear Solver Sub-Inc Division Factor 2 Ref Contact Force 0.01 Delta Coefficent 0.5
- Auto Increment : On Low Speed Dynamic Analysis Force Tolerances Contact Control
. Smallest Step Divisor : 10 Damping Factor Force Tolerance 0.01 Impact 0..Default -
- Largest Step Multiplier : 1. Interia Factor . =
- . . Reference Force Iterations far Pairing 0
Step Size Flag : Automatic Toad e
- Sub-Inc Division Factor @ 2. mca"a_' Rellerenas M Subdivide Method |0..Tensile Force Bas: v
- Max Iterations per Step : 99 Node where Applied \:\ T .
’ Segmen ElementBased v
- Line Search : Off Displacemnent DOF 1.TX ~ | Displ t Tolerances e —
- Convergence : Energy e — ) ” Disp Formulation | 0..Large Disp Formul +
- Energy Tolerance : 0,001 Prescribed ®nlacement T R — 7
- Contact Force Tolerance : 0.05 1M zcremental Disp Factar Ref S Ring i —
- Reference Contact Force : 0,01 ) SRR A Mormal Damping Coeff
IMax Absolube Disp _
[+ External Superelement Reference Reference Rotation Tangential Damping Coeff
H- Master Requests and Conditions Iax Arc-Length Subdiv \:\ g ping
[]continue Solution after First Critical Point B . tC{?nIactF\nrces
Use Old Rigid Target Algorithm
Cancel l

[ pev.. |

:

| I =" |
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Examples and References

Femap Examples for NX Nastran Nonlinear:

Example 25: Plastic Deformation of Rod - Nonlinear Material
Example 26: Gap Contact - Cantilever Beam

Example 27: Large Deformation — Cantilever Beam
Example 28: Slide Line Contact — Hyperelastic Seals
Example 29: 3-D Contact - Plastic Clip and Base

Femap Examples for NX Nastran Advanced Nonlinear:
Example 30: Large Deformation — Advanced Nonlinear (SOL 601)
Example 31: Surface to Surface Contact - Advanced Nonlinear (SOL 601)
Same as NX Nastran Example 29, except uses Advanced Nonlinear solver

NX Nastran User Guides
Handbook of Nonlinear Analysis (SOL 106)
NX Nastran Basic Nonlinear Analysis User’s Guide

JAdvanced Nonlinear, Theary and Modeling Guide
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Q&A

Thank you!

FEMAP SYMPOSIUM 2013

| | | Mission Critical Design and Analysis
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