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The Days Agenda

AGENDA

10:00 - 10:30

10:30-10:45

10:45-11:45

11:45-12:15

12:15-13:15

13:15-13:30
13:30-14.30
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Registration & Coffee

Intro to Seminar & ANSYS

Structural Mechanics Analysis using ANSYS Workbench
o  Overview of Workbench for Structural Analysis
CAD Connectivity
Geometry Pre-Processing
Meshing
Materials Support
Boundary Condition Setup
Analysis Types
Post Processing
Optimisation

O 0 O O O O O ©O

Coffee Break

ANSYS FEA & Composites
Guest Speaker from Even

Q&A Sessions.
Lunch & Finish
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* Overview of Workbench for Structural Analysis
« CAD Connectivity

« Geometry Pre-Processing

* Meshing

« Materials Support

 Boundary Condition Setup

« Analysis Types

* Post Processing

« Optimisation



ANSYS Workbench
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ANSYS Workbench
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ANSYS Workbench

A\ Unsaved Project - Werkbench |
File Edit View Tools Units ACP Help
CIMew [5open... (ol save (&l save As... |a-ij1mport‘.. ‘

Reconnect @ Refresh Project # Update Project |

B Analysis Systems

(€] Electric (ANSYS)

Bxplicit Dynamics (ANSYS)
Fluid Flow-BlowMolding (POLYFLOW)
Fluid Flow - Bxtrusion (POLYFLOW)
Fluid Flow {CFX)

Fluid Flow (FLUENT)

Fluid Flow (POLYFLOW)

Harmonic Response (ANSYS)
Hydrodynamic Diffraction {AQwWeA)
Linear Buckling (ANSYS)
Magnetostatic (ANSYS)

Maodal (ANSYS)

nCode EN Constant {DesignlLife)
nCode EN TimeSeries {DesignLife)
nCode EN TimeStep {DesignLife)
nCode 5N Constant (D esignlLife)
nCode SM TimeSeries {DesignLife)
nCode SN TimeStep {DesignLife)
nCode 5N Vibration {Designlife)
Random Vibration {ANSYS)
Response Spectrum {(ANSYS)
Shape Optimization[ANSYS)
Static Structural (ANSYS)
Steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)
Transient Structural (ANSYS)
Transient Structural (MBD)
Transient Thermal (ANSYS)

6
&
&
&
&
&
@
e
&
@
(]
©
©
©
©
©
©
o
i
il
=
=
0
(o]
&
&

-

m

Project D) Compact Mode

- C - D
1 1
——— W2 (@) Geometry 2| @ sep T 2 | @ Engneering Data v 4
3§ Mesh &, 3 | @@ souton B 3 | @ Geometry 7.
>4 (5] Parameters 4 @ Resits 7 4\4 @ Model = g
Mesh X 5 @@ setup P .
6 |5 Solution B
7 @ Results P .
Static Structural (ANSYS)
- E = £ . _
2| @ setp T 2 | @ Engineering Data v faney, plolt
3§ souton P 3 | @ Geometry By
FLUENT \4 @ Model By
5 @ setp P .
[ @ Solution B
7 @ Resuts Bia
Steady-State Thermal (ANSYS)
- G v H
: :
2 & Engineering Data v ——m2 & Engneering Data v o,
3 i} Geometry v . 3@ Ssolution 7,
4§ Model F ‘/‘4 @ Resuits 7,
5 @ seup 7 4 nCode EN TimeSeries (DesignLife)
6 & solution F .
7 @ Rests >
|—> 8 (5 Parameters
Static Structural (ANSYS)
1
B i D E F
BD ~ | Size 5| Type ~ | Date Modified ~ | Location -
pH2 18 KB | Engineering DataFile | 08/11/2010 16:14:04 C:\Users\rmitchel\AppData\Local\Temp\WB_MILRMITCHELL1_6180_2\unsaved_project files\dpO\SYS3\ENGD
18 KB | Engineering DataFile | 08/11/2010 16:14:04 C:\Users\rmitchel\AppDatalLocal\Temp\WB_MILRMITCHELL1_6180_2\unsaved_project files\dpOiglobalMECH
B2,G3 13 KB | Geometry File 08/11/2010 16:14:05 C:\Users\rmitchel\AppData\Local\Temp\WB_MILRMITCHELL1_6180_2\unsaved_projed_files\dpoiGeomiDM

(7| Show Progress -Q Show 2 Messages

~ il v ™ G 4

16:16
08/11/2010




ANSYS Workbench
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ANSYS Workbench
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ANSYS Mechanical

Analysis steps
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ANSYS Structural Mechanics ANSYS

- Geometry

— Direct CAD Links
T — » Connect to real CAD models
L and create true parametric
| analysis

- — Create analysis geometry
« Geometry clean-up
J  Simplification
 Create Shell & Beam
geometry

— Work with imported files

© 2011 ANSYS, Inc. All rights reserved. 10 ANSYS, Inc. Proprietary



ANSYS Structural Mechanics ANSYS

* Preprocessing
* Materials
» Linear-Elastic
* Plastic
« Hyper-elastic
» Creep
« Soils, Concrete
- Damage models
* Meshing
* From fully automatic to highly controlled
* Loads
* Imported data fields
+ Time dependant
—— « Complex systems
- Contact
* Model real assemblies
* Bonded, Frictionless & Frictional contact
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ANSYS Structural Mechanics ANSYS

* Solving

 ANSYS solver technology
evolving to keep pace
with PC developments

== . HPC

- Non-lineararities * 32 & 64 bit

- Accuracy

e Clusters
- GPU



ANSYS Structural Mechanics ANSYS

» Postprocessing

» Stress, Strain, Creep,
Contact, Reactions

 Linearisation

= Postprocess

- Images
= °* Images
. Tables - Tabular data > Excel

« Movies e Movie files

- Automated report
generation

N,

© 2011 ANSYS, Inc. All rights reserved. 13 ANSYS, Inc. Proprietary



ANSYS Structural Mechanics

* \mages
» Tables
* Mowi

S
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Example workflow
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Linked analysis

AR i o
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ANSYS Geometry and

CAD options

ed.
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Geometry editing tools

» Turning CAD geometry into analysis geometry.
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Mid-surfacing

 ANSYS ACP works on
shell (surface) geometry.

* DesignModeler & Space
Claim both have tools for
turning “thick/solid”
geometry into surface
geometry.

© 2011 ANSYS, Inc. All rights reserved.
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ANSYS Contact
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Connections

- Automatic contact detection
- Contact/Spot welds to define interaction

« Number of contact definitions/formulations
available | Cannec tions “@éc nnnnn tinn Group ;@,‘Cnntact

utline: 9
- Contacts can be grouped & o -
- [g@] Model (A4}
I T - Bl Geometry
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127152008 4:26 : ;
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T
L 100 -
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Contact types

 Realistic behaviour only possible with

advanced contact.

- Optimised settings for each contact option

- Range of formulations
- Contact types

Bonded

No Separation
~rictionless
Rough
~rictional

© 2011 ANSYS, Inc. All rights reserved. 24
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Connections

« Mesh connections

— Connect shell geometry up

at a mesh level

* Pre and post contact tool

— Plot pressures
— Contact status

© 2011 ANSYS, Inc. All rights reserved.
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ANSYS Pre-processing
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Boundary conditions

Extensive list of constraints and loads within
the toolbar

Ability to apply loadings from CFD
Ability to import Ioadings r@C:StaticStructural-I".-'Iechanical[.-’-‘n.NSYS Multiphysics]
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3 Constraint Equation
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Analysis types

- Static Structural
* Modal

« Harmonic

» Buckling
 Random Vibration .
- Response Spectrum
* Transient Structural
* Thermal

* Transient Thermal

© 2011 ANSYS, Inc. All rights reserved. 28 ANSYS, Inc. Proprietary



ANSYS - Structural Mechanics

NANSYS
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* The tools in Workbench
are geared to allow
engineers to carry out
ENGINEERING

« Complex tasks made
intuitive
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ANSYS Meshing
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ANSYS Core

technology
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ANSYS Technology

 Elements

— Range of elements for solids
« Tets, pyramids & hex
* Coupled physics
« Low and high order

— Shell elements

° LOW and h Ig h 0] rd er Figure 186.3 SOLID186 Layered Structural Solid Geometry
» Layered options

© 2011 ANSYS, Inc. All rights reserved. 33 ANSYS, Inc. Proprietary



ANSYS Technology
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Section  Edit  Tools
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ANSYS Technology

>{ ANSYS Mechanical Utility Menu
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Reinforcement 2 2 :
List Sections a5 ol |
Delete Section 3 1 =
Modeling ‘—shl
. 30
Meshing o
Checking Ctris 3'
@ e . al
Coupling / Cegn _45 {@ |
Multi-field Set Up
Loads ﬁ”l
Physics -
Path Operations =
Solution L]
General Postproc
TimeHist Postpro @l
Topological Opt
Design Opt - @l
Prob Design
Radiation Opt @I
Run-Time Stats
B Racsinn FAitar f QI
| Pick umenu item or enter an AN5YS Command (PREFF mat=1 | type=1 | real=1 | saye=0 3ecn=1
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ANSYS Technology

Solver technology

» Solvers work with your hardware
— Workstations now ship with multiple cores
— Solvers evolved to make best use of this
— Remote solving options

- Enhanced scalability
Distributed PCG Improvements

— Many enhancements to improve 1
performance of DPCG and
DSPARSE solvers

* 64bit native code

—+—R12.1 Speed Up
-#-R13 Speed Up

Total Solution Speed Up
= R W e S~ DO

0 2 4 6 8 10 12 14 16

Number of Cores

— Faster solve times
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GPU Accelerator Feature

« SMP SPARSE and PCG solvers only
» Activated with —acc @ command line

» Supported on Windows/Linux 64-bit
systems

 Currently only available for nVidia Tesla
20-series (1U) cards

5

4

w

* |ntel Xeon 5560

(2.8 GHz, 8 cores total)
« 32 GB of RAM

« Windows XP SP2 (64-bit)

a¥]

(=

4 CPU cores + 1 GPU
4 CPU cores

Q

Vlch-l Vlzl 5 1CPUcore +1 GPU
« Tesla C2050 (cG, [LMTE; Vi2sp-l o0 1CPU core
1100k) 500”' (sparse, (sparse V12sp-3 ViZsod
430k) parse (sparse. Lespe

V12sn-5

Overall Simulation Speedups for R12 Benchmark Set |
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ANSYS Materials
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Materials

 Accurate materials are an essential
requirement for any analysis

 ANSYS has a wide range available to
engineers.

* User definable material libraries.

...................................................................................................................................

Eﬂ General Mon-inear Materials
ﬂ Explicit Materials
ﬂ Hyperelastic Materials

ﬁﬂ Maagnetic B-H Curves

L T I = I S R [ S U Y A i ey

ﬁj Thermal Materials
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ANSYS materials continued

» Metallic
— Linear
— Plasticity
— Temperature effect
— Creep
— Test data
« Specialist materials
— Hyper-elasticity
— Concretes & soils

— Directionally dependant properties

By

il
gilli
T

A
il
1)
1)

I
7]

P
[}
H

© 2011 ANSYS, Inc. All rights reserved.

Low deflection, room temperature

Large deflection, permanent deformation
Thermal loads

Long timescale effects

Can be used directly

Rubbers, polymers etc
Crushing and brittle failure modes

[MPa]

Stress

40
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Directional dependency

 Products built form certain '
materials, have directional |
properties.

- By using coordinate systems and
orthotropic properties we can
capture these effects

- Straightforward for cylinders,
plates etc.
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ANSYS Post Processing
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Results plots

 Whole assembly
* With mesh
» Scoped results

Cut planes
 Parametric feedback

TS
R
SRS
RSN

SRR

aetieiti
TSt
ST T

-|| Scope

Scoping Method
Geometry
-|| Definition
Type
By
Display Time

Identifier

Display Option
-|| Results
Minimum
Maximum
+| Information

Geometry Selection
1 Body

Equivalent [von-Mises] Stress
Time
Last

Calculate Time History |[Yes

—|| Integration Point Results

Averaged

2059.1 Pa
4.6807e+005 Pa

© 2011 ANSYS, Inc. All rights reserved.
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Results - linearisation

e Static Structurs ANSHS
Linearized Equivalent Stress
Type: Linearized Equivalent Stress 13.0
Unit: Pa
Global Coordinate System
Tirme: 1
14/03/2011 22:09 Ekq&
[z
3.2222¢6 Max
2,006826 E z
2771426
2,546e6
2,3205¢6 @
2,0951e6
1869726 X
L6443e6 I -
1.4189¢6
1.1934e6 Min n.000 0,250 0300 (my
0.125 0.375
Geometry A Print Preview A Report Preview
Graph & Tabular Data by
| |Length [m] ||+ Membrane [Pa] || Bending [Pa] |[# Membrane+Bending [Pa] || Peak [Pa] |[+ Total [Pa] | ~
3.2222¢+6 1 Jo. 2.0407+006 1106006 9.7827<+005 23496005 11934006
2 |20463e-004 2.0407e+006 1.06e+006 1.0207+006 23174e+005 | 1.2247e+006
3 |5.8926e-004 2.0407e+006 10139e+006  1.0634e-006 22853e+005 |1.247+006
29973e+6 4 |8.8388e-004 2.0407e+006 96779e+005  1.1064e+006 22532e+005 | 1.2603e+006
5 |11785¢-003 2.0407c+006 92171e+005  1.1496c+006 22212e+005 |1.2732e+006
6 |1.4731e-003 | 2.0407e+006 87562e+005  1.1931e-006 21803e+005 1.2855e+006
277366 7 |1.76782-002 2.0407e+006 82053e+005  1.2367e+006 215742+005 | 1.2072e+006
8 |20624e-003 2.0407e+006 7835e+005  1.2805e+006 21255¢+005  1.3086e+006
9 [2357-003 | 2.0407e+006 73736e+005  1.3245e-006 20938e+005 1.3195e+006
10 | 26517-002 2.0407c+006 69128e+005  1.3686c+006 20621e+005 | 1.3411e+006
2549e-6 11 | 2.9463e-003 | 2.0407e+006 64519e+005 | 1.4128e+006 2.0304e+005 | 1.3701e+006
12 |3.2409-003 | 2.0407e+006 59911e+005  1.4572e+006 19989e+005 | 1.3993e+006
13 |2.5355¢-003 | 2.0407c+006 55302¢+005  1.5016e+006 19674e+005 | 1.4285e+006
2324686 14 |3.8302e-003 | 2.0407e+006 5.0694e+005  1.5462e+006 1936e+005 14579e+006 = |=
15 |4.1248-003 2.0407e+006 46085e+005  1.5908e+006 19047e+005 | 1471e+006
16 |4.4194c-003 2.0407c+006 41477e+005  1.6355¢+006 18735¢+005  1.5029e+006
2.1002e+6 17 [4.714€-003 | 2.0407e+006 36868e+005  1.6803e-006 18424e+005 | 1.5531e+006
18 | 5.0087-003 2.0407e+006 3226005 1.7252e+006 181142+005 1.60392+006
19 |5.3033e-003 2.0407e+006 27651e+005  1.7701e+006 17805e+005  1.6553e+006
1575526 |20 |5.5979-003 2.0407e+006 23043e+005  1.8151e+006 17497e+005 | 1.7132e+006
20262003 2.0407+006 18434e+005  1.8601c-006 1719¢+005 |1.7724e+006
22 |6.1872e-003 | 2.0407e+006 13826e+005  1.9052e-006 16885e+005  1.8302e+006
L65156-6 23 |6.4818-003 2.0407e+006 92171 1.9503+006 16581e+005 | 1.88672+006
24 |6.7764-003 | 2.0407c+006 46085 1.9955¢-+006 16278e+005 | 1.942¢+006
25 [7.0711e-003 | 2.0407e+006 2563e-010 2.0407+006 15077e+005 | 1.9925e+006
26 |7.3657e-002 2.0407e+006 46085 2.0859+006 15677e+005 | 2.0423e+006
L4zTLe6 27 |7.6603-003 | 2.0407e+006 92171 213126+006 153796005 | 2.0922e+006
28 7.955¢-003 | 2.0407e+006 13826e+005  2.1766e+006 15082e+005  2.1423e+006
29 |8.2496-002 2.0407c+006 18434e+005  2.2219¢-006 14788005 219262006
1.2027e-6 30 |8.5442e-003 | 2.0407e+006 23043e+005 2.2673e+006 1.4495e+005  2.2431e+006
31 |8.8388-003 2.0407e+006 27651e+005  2.3127e+006 14205e+005 | 2.2937e+006
132 |9.1335¢-003 2.0407c+006 3226005 2.3581+006 13917e+005 | 23444006
9.7827e+5 33 [9.4281e-003 | 2.0407e+006 36868e+005  2.4036e-006 13631e+005 | 2.3952e+006
0. 14142e2  13497227e-003 2.0407+006 41477e+005  2.4491e+006 13347e+005 | 2.4461e+006
35 |1.0017-002 2.0407c+006 46085005 2.4946c+006 13067e+005 | 24972e+006
Messagés. Graph 36 [1.0312¢-002 | 2.0407e+006 50604e+005  2.5401e-006 1.2780e+005 | 254834006 ||
27 11 nAnTa0n7 |9 NaNTaxnnk KRG |7 RRETeinR 1981122008 |7 RO0A=LNNK
01 No Messages No Selection Metric (m, kg, N, 5,V, A) Degrees rad/s Celsius
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- Automatic reporting
— Captures all CAE data

>3
_ HTML &,-.)- -

— Word —_ A
— PowerPoint
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DesignXplorer

- Start with a workbench defined process

— Use parameters in:

« CAD

» DesignModeler

» SpaceClaim

* Engineering data

» Preprocessor

» Postprocessor

» Derived parameters
— Define design envelope

« Parameter limits
« Descrete/continuous

— Define goal = -
Dresign of Experiments Type Central Composite Design
* Near target Design Type Central Composite Design

. Min/Max Cptimal Space—Fl!Ilng Design
Box-Behnken Design

» Trade offs Custom
Custam + Sampling

Sparse Grid Initialization

A |

B R R

~
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DesignXplorer

* B2 X - - P118-
. Defomalion - | pies-p_FREE | PIS9-P_ESEQVI | PIST-P_BEPPLIS | PIOL-PKAVG | PISS-P_BEPPLIS | PISG-P_BEPPL7 | P
- A B C o] E F G (n)
= :
. P1- P2- _| P3- N - | R [ s s Cosficen of Detrminstion Bt Yoo = 1) o107 : 056087 ' osezis | 5, 1 '
Inletien... PlateTh.. Plenum.. InletDia. . Fuall 4 ‘Adjusted Coeff of Determination (Best Value = 1) 0.98834 1 0.95209 1 0.98991 e 1
2 M s Maxinuan Relative Resicusl (Best Value = 0%) 17297 0.016556 | - 7.4473 o 3,295 o o
. ok e Sqsre B (Gt Voo =0) sonew |rseess a7 B sieens |0 B
3 Current 15 03 10 7 1 -0.0056706 7 Relative Root Mean Square Error (Best Val 057924 0 23415 L] 11117 ] 0
4 DP1 15 oz 10 i = # s Relaive Maxium Absokte Eror (Best Value = 0%) | 75 o2m07 | % s245 o % 26401 o o
s Relatve Average AosoksErr (st Voo = %) | = 7.1013 oz |xx 157 o atte o o
5 |DR2 15 01 10 7 2] 4 -
< >
& |DP3 20 05 10 & 4 # = T
7 |DR4 20 05 10 & 5 # o
il ¥ oo g
oo ] ® P15 rese s ]
H B s
o S5
< b3 g "° .
£, =
a "7 " =
2 os - wl
5 o £ .
2 s ma
L] -
-
] ] ] ——
. Ix Igma ana ysls . -:D]E :
o2
Observed rom Design i

— Manufacturing tolerances

— Perfect design becomes real
world design M, |

P5 - WB_R3
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Demonstration

- Geometry

* Meshing

* Preprocessing
» Solve

* Post
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Thank you
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The Days Agenda

10:00 - 10:30
10:30 - 10:45
10.45 - 11.45
11.45 - 12.15
12.15 - 13.15
13.15-13.30
13:30 - 14:30

© 2011 ANSYS, Inc. All rights reserved.

Registration
Intro to Seminar & ANSYS

Structural Mechanics Analysis using ANSYS Workbench
« Overview of Workbench for Structural Analysis

« CAD Connectivity

+ Geometry Pre-Processing

« Meshing

« Materials Support

« Boundary Condition Setup

« Analysis Types

* Post Processing

+ Optimisation

Coffee Break

ANSYS Composite modelling
Presented by Even Evolutionary Engineering AG

Q & A Sessions
Lunch & Finish
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