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About me

A passionate simulation solutions expert been involved with Autodesk
simulation software from when it was first introduced, and is well-
known throughout the Autodesk simulation community, worldwide.

Also authored the Up and Running with Autodesk Inventor Professional
books. He also manages a dedicated forum for simulation users on
LinkedIn — Up and Running with Autodesk Simulation.

Wasim has a bachelor’s degree in mechanical engineering from the
University of Bradford and a master’s degree in computer- aided-
engineering from Staffordshire University.

Up and RUNNing wit Up and RUNNING with Up and RUnning with Up and Running with
Autodesk® Autodesk® Autodesk® Autodesk®

Inventor® Inventor® Inventor® Inventor®

Nastran 2023 Nastran®2023 Professional 2023 Professional 2023

Stress and Frame Analysis

Nonlinear Analysis Simulation for Designers
1
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1- Overview of Nonlinear Analysis
2- Real world examples

3- Top 10 Tips

4- Q&A
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Nonlinear analysis general types
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Nonlinear analysis general types

Material Nonlinearity

sion Limit

Yield Limit—
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Nonlinear Analysis Studies within Nastran

Solver Application

Nonlinear Static (Implicit) 1 - Critical Load

Nonlinear Transient Response (Implicit) 2 - Drop Test
Explicit Dynamics 3 - Blast Analysis
Nonlinear Buckling (Implicit)

Explicit Quasi-Static Not covered in this session

Impact Analysis (Implicit)
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1- Simatek A/S




Inlet

e Goal

o Is to determine maximum permanent deformation at Critical
Load.

e Key Information

o AISI Carbon Steel 304 nonlinear material behavior.
o Critical (Limit) Load is 0.082MPa

* Limits

o Permanent Deformation to be less than 10%

=
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Workflow considerations

Alternative physical test is not sustainable.

e Geometry
o Simplification
* Remove nonstructural components

 Remove nonstructural features

o Remodeling
+ A simplified solid assembly
+ A simplified solid model (part)

+ A simplified surface model
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Workflow considerations

e Material Information
(Elastic/Plastic)

o Bilinear (Approximation)
* Is an approximation

+ Plastic portion of the curve is
typically set to 10%.

o Plastic (More accurate)
* More accurate

* But need to find data and
information to define curve

£ Nonlinear Material Data

Type
(_)Nona
(C)Nonlinear Elastic
(@) Elasto-Fiastic (BirLinear)

(O Plastic

Froperies
Tangent Modulus, E1 (MPa):

Hardening Rule
“rield Function

‘ield Criterion

Iniel Yield Stress (MPa)

15300

Isotropic

won Mises

184

Cancel

FE Monlinear Material Data

Type
() None
(O Nonlinear Elastic
() Elasto-Fiastic (Br-Linear)

@) Plastic

Froperies

Hardemng Rule

*rield Function
“ield Criterion;

Iniel *Yield Stress (MPa)

e
/E

|sotropic

von Mises

184

[4 >
Strain Stress (MPa)
o 0
0.0003533678756 184
0.0015 2162
0.002 230
00 260
045 540
Stress (MPa) Vs Strain
600
////‘ 500
> " 400
g _—
€ =
r _— 300
=
2
200
100
0 o 02 03 0 05
Strain
Show XY Plot Cancel
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Nastran Demonstration 1

Nastran Nonlinear Static Analysis

238.669
228.724
218.780
208.835
138.891
188.946
&= 179.002
- 169.057
~ 159.113
— 149.168
139223
129.279
119334
& 109390
99.445
89.501
79,556
B 69612
o 59.667
& 9723
39.778
29.834
19.889
9.945

1.000E-03
9.583E-04
9.167E-04
8.750E-04
8333E-04
T917E-04
7.500E-04
7.083E-04

— 6.667E-04

6.250E-04

— 5.833E-04

5.417E-04
5.0006-04
4.583E-04
4.167E-04
3.750E-04
3.333E-04

B 291704

2.500E-04

£ 2.083E-04

1.667E-04
1.2506-04
833305
4.167E-05
0.000E+00

Max:5.076E-03

Strain

16.923
16.218
15.513
14,808
14,103
13.3%

B 12602

11.987

— 11282

T T

10.577
9872
9.167

7.7%
7081
6.346
S.641
4936
4231

B 35

2821
218
1410
0705
0.000

Permanent
Deformation
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Gangway

e Goal

o Is to determine maximum permanent deformation due to a large
stone/rock being dropped from a 5m height.

e Key Information
o Aluminum nonlinear material behavior.
o Impact Velocity.
o Time of Impact.

o Material Damping.

Image courtesy of Dellner »42 AUTODESK UNIVERSITY



Workflow considerations

Alternative physical test is not sustainable.

e Geometry
o Simplification
* Remove nonstructural components

 Remove nonstructural features

o Remodeling
+ A simplified solid assembly (half)

* A simplified surface/solid assembly (half)
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Workflow considerations

e Material Information
(Elastic/Plastic)

o Bilinear (Approximation)

Is an approximation

Plastic portion of the curve is
typically set to 10%.

li MNonlinear Material Data

Type
(ONone
(O Nonlinear Elastic

(@ Elasto-Plastic (Bi-Linear)

(O Plastic

Properties
Tangent Modulus, Et (MPa)

Hardening FRule:

Yield Function
“ield Criterion:

Initial vield Stress (MPa):

£330

|sotropic ~
wion Mises ~
275

]

]

Compressian
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Workflow considerations

* |Impact Velocity tond X
o To speed up analysis bring "
block near target s

Magnitude (mm/s):
[ ]
N

V=sqrt 2Qxgxd)

V =sqrt (2x9810 x 5000)

V =9904 mm/s
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Workflow considerations

e Damping Data
o Damping Value

o Damping Frequency

{IF Damping

[«] Structural Damping
Damping Value, G (%):

FP |5

Dominant Frequency, W3 (Hz):

P |50 |

Dominant Frequency, W4 (Hz):

P |

[]Rayleigh Damping

Mass Proportional, ALPHA:

P

Stiffness Proportional, BETA:

P

Modal Damping

Type: Constant

Damping Definition:

Percent Critical

Damping Value(%):
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Workflow considerations

e Dynamic Setup Data (Impact)
o Time Step

o Time duration

e Dynamic Setup Data (After Impact)
o Larger Time Step

o Longer Time Duration

T =D/ =10/9904 = 0.001

lﬂ@ Dynamics Setup

Name: | Dynamics Setup 1

D: |1

Interval Listing:

Oto0.01s

Add Remove

Interval Setup

Cycle Dependent

Duration (s}

Time Step (s):

St

0.0005

Humber of Timesteps:

20

0.01

Skip Factor (for output):

‘ 1

Cancel
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Nastran Demonstration 2

Nastran Nonlinear Transient Response Analysis

TZ Displacement vs Time, Node 10915
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0.109, -108.8

TZ Displacement

r-150

r-200

r T T T T T T -250
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Time

»4 AUTODESK UNIVERSITY



Nastran Demonstration 2

Nastran Nonlinear Transient Response Analysis

192.128

180.120
B 156.104

144.096

132.088
120.080
108.072
96.064
£4.056
72.048
60.040
48.032
36.024
24.016

12.008

| | (IR L

0.000 CONTOUR: DISPLACEMENT (mm) (TOTAL)
DEFORMED TOTAL: (MIN =0, MAX=0)
OUTPUT SET: STEP 1, TIME=0.0 FRAME :0
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3- Euro EMC
Products




Blast Door

e Goal

o Is to determine whether the door contains the blast from outside

e Key Information
o Steel 355 nonlinear material behavior.

o Blast Load = 200MN of 3ms impulse duration
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Workflow considerations

Alternative physical test is not sustainable.

e Geometry

o Simplification
* Remove nonstructural components :
* Remove nonstructural features

o Remodeling
+ A simplified solid assembly
+ A simplified solid model (part)
+ A simplified surface model
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Workflow considerations

e Material Information
(Elastic/Plastic)

o Plastic (100% Plastic)

* Worst case scenario

[E Monlinear Material Data

e
(_)None
(O Nonlinear Elastic
() Elasto-Flastic (Bi-Linear)

(@) Plastic

Froperies

Hardening Fiule

*vield Function
“rield Criterion

Initial Yield Stress (MPa)

von Mises

355

T X
Stiess (MPa)

0 0

0001731707317 365

08 365

tress (MPa) Vs Strain

N

H

H

Strain
Shaw <Y Plat Cancel
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Workflow considerations

. . s Lowd " * | ] Table Data - Table 1' ? X
® Dynamic Load Information .. .. R
L Components Name Table 1 Type Load Scale Factorvs, Time
. Type: | Fores v Coordinate System:
o Set up Load duration o Tme @ Lo et Faci
0 1
Selected Entities: Mognitude (N): 0.003 1
face<145> . (b 0.0031 ]
G 0.008 i}
Subcases: F 20+8
Transient Table Data
B fas
Display Options 1
sae: 1 — o
Density: ] R \ o
: ! \ "
Color: H os
) \ :
Adanced Opsens >> ——— &
T Sort Data
= = 0 6o = L2 Show ' Plot Cancal
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Workflow considerations

e Dynamic Setup Data
o Number of Result steps

o Time duration (maximum
deformation achieved)

II’-@ Dynamics Setup

Name: | Dynamics Setup 1
D

Interval Listing:

0t 0.03s

¥

Interval Setup
Cyde Dependent

Time Step (s)

Number Of Output Steps:

30

Duration (s5):

0.03

Skip Factor (for output):

1

oK Cancel
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Nastran Demonstration 3
Explicit Dynamics Study

Permanent
Deformation
709mm

Strain
86%
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10 TOP TIPS




TIP 1

e Use Linear Elements

5 Mesh Settings ? X

Mesh Settings

Element Size (mm): | 5

Coarse Fine

Element Order: Linear ~
@ Settings

[] continuous Meshing

(for solids only merges nodes on
perimeter)

Generate Mesh

@ 0K Cancel
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TIP 2

e Use Continuous Meshing for Surface models

o Surfaces will need to be connected

P2 Mesh Settings ? X

Mesh Settings
Element Size (mm): |5

Coarse

Element Order: Linear b

@J @ Settings
I Continuous Meshing I

(for solids only merges nodes on
perimeter)

Generate Mesh

e

]
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TIP 3

e | eave the Number of Increments field blank

['E Nonlinear Setup

Name: | Nonlinear Setup 1

D:

5l

1

Nonlinear Settings:

Number of Increments:

Intermediate Output:

Off v
Arc Length:
off v
Advanced Settings

e
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TIP 4

e Use and Display Equivalent Stress Results

o This stress plot follows the defined stress & strain curve

o Centroidal Data Type

@& piot
Subcases:

Contour
INCR 8, LOAD=1.0 - Options
ot Deform

E ;EJ EJ [] Options

Display  Animate Create AVI

Display Options

~
b

Result Data:
Stress ~
Type:

SHELL EQUIVALENT §° |

o [Z)specify Min/Max

Rendering :
Continuous: ~

Levels: |24 (] i
[52] Min/mMax Markers
b ! Animation
Options
[J1s0-Surfaces Visibility
Options
—

Data Max: 245.28

Data Conversion:
Average v
Data Type:
Real Imaginary
Contour Type:
Nodal v

»4 AUTODESK UNIVERSITY



TIPS

e Use the NPROCESSORS Parameter

o To enable Nastran to use all cores available

P Parameters ? X
D File Management Directives NPROCESSORS 16
D Qutput Control Directives PROCESSPRIORITY | NORMAL v

[D Memory Management Directives

D Program Control Directives

PP Model Translator Parameters

P Geometry Processor Parameters

P Solution Processor Parameters

[P Eigenvalue Processor Parameters

P Transient Response Processor Parameters
[P Frequency Response Processor Parameters
P Nonlinear Solution Processor Parameters

P Results Processor Parameters

Find prod [[] Advanced Semngs 0K | | Cancel
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TIP 6

e Use Split faces to reduce mesh size when defining
local mesh control

| T Mesh Control ? X
Name: ‘ Control 1 J Vertex Data Face Data
Element Size (mm): Element Size (mm):
Display Options S
Size: | ]
Density: I Selected Points and Vertices: Selected Faces:
Color: - face<70>@hoop:1 ~|
[face<71>@hoop:1
| v
Edge Data Part Data
Speciy By: Element Size (mm):
(@) Number of Elements
() Element Size (mm) [ #6061
Selected Edges: Selected Parts:
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TIP 7

e Use Explicit Solvers when your designs are
experiencing high strains

Strain -
86%
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TIP 8

e Run Modal Analysis to determine
Dominant Frequency W3

{1
Nama: Ww [CIRrayleigh Damping
—_— Mass Proportional, ALPHA:
ID: 1
P
Structural Damping
) Stiffness Proportional, BETA:
Damping Value, G (%):
P

P |Is

Dominant Frequency, W3 (Hz): Modal Damping

f=] 5[)7 Type: | Constant
Dominant Frequency, W4 (Hz): Damping Definition:

Percent Critical
P

Damping Value(%):

>]

oK Cancel
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TIP9

e Use multiple subcases to determine permanent
deformations in Nonlinear Static Analysis

(=11 ] Subcases
F— () Loaded
Nonlinear Setup 1

=-2#% Loads

| 4% Critical Load
@ Gravity

=-£&5 Constraints

Fixed
= Unloaded |
Nonlinear Setup 2

=2 Loads
[ Gravity
=& Constraints
2 Fixed
fda m

214.620
204.400
194.180
- 183.960
= 173.740
= 163.520
— 153.300
. 143.080
— 132.860
— 122.640
112.420
102.200
91.980
81.760
71.540

9 /1IN

i 2453 00
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TIP 10

e Use multiple subcases to allow different time steps in
Nonlinear Transient Response Analysis

=D Subcases
AE Damping 1

=1 Load
1~ Nonlinear Setup 1
£ Dynamics Setup 1
-2 Loads
@ Load 1
"% Load 2
=145 Constraints

& Fixed

LA Ysym

©. & Restraint
=+ Unloaded
-/ Nonlinear Setup 2

25 Ysym
25 Restraint

oF
Name: | Dynamics Setup 1
D: 1

Interval Listing:

Interval Setup
Cycle Dependent

Duration (s) ~

Time Step (s):

Number of Timesteps:
20

Skip Factor (for output):

1

oK Cancel

CONTOUR: SOLID EFFECTIVE STRAIN-PLASTIC/NONLINEAR ELASTIC

-2 Loads A emave
. Load 1

B‘S Constraints Skip Factor (for output):
25 Fixed

4% Dynamics Setup ? X

Interval Setup
Cycle e
Ee 2 Duration (s) -
Interval Listing: Time Step (s):
Number of Timesteps:
20

Hame: [ Dynamics Setup 2

1

E‘ oK Cancel
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Further learning

Up and Running with
Autodesk® Inventor® Nastran® 2023
Nonlinear Analysis

Unleash the advanced power of Autodesk® Inventor® Nastran® to streamline your product
design process with expert guidance, tips and knowledge from a leading simulation expert.

1st Edition covers Nonlinear Analysis capabilities of Inventor Nastran 2023. This edition
svers both Implicit and Explicit solvers including Imp: ind Elastic/Plas naly:
Step-by-step guide to engineering design solutions, with extensive tips and guidance
throughout the book.
Book primarily d ned for self-paced learning by individuals, but can be equally used in an
led classroom environment.
in your results fast by analysing real-life design problems.

designers, engineers, and manufactures of all skill lew e Simulation exper

A passionate simulation expert with more than 30 ye f experience
in the manufacturing field. Been involved with Autod: ulation
software from when it was first introduced, and is wel

throughout the Autod imulation community, worldwide. He has
also authored the Up and Running with Autodesk Inventor Professional
books including both Inventor Stress Analysis and Dynamic Simulation.

Download book exercises from:

https://tinyurl.com/2c5w49bk

Book available from Amazon worldwide.
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Up and RUNNINg with
Autodesk®

Inventor®
Nastran 2023

Nonlinear Analysis
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