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Course Summary:

At first glance, the world of motion simulation can appear to be highly technical. You'll be pleasantly surprised
during this course to learn just how easy it is to set up and use! The unit will cover an introduction and
overview followed by several examples that demonstrate how to set up a variety of simulations, helping you
work more productively with Autodesk Inventor.

Instructor:

Wasim has been involved with Autodesk Inventor Simulation from when it was introduced and works as a
consultant for Autodesk Inc. Some of the recent work include producing, AOTC Training Courseware on
Inventor Simulation, white papers and marketing collateral for Autodesk.

Wasim is director of VDS Solutions which offers Autodesk Inventor Simulation training, coaching and
consultancy to the manufacturing sector within UK.
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Motion Simulation and FEA.

Over the past couple of decades there have been several dedicated FEA and Motion Analysis
Software available to use by Engineers. These technologies have been very comprehensive and are
predominantly used by analysis and simulation engineering experts. Some of the other major
drawbacks of such dedicated software include the advanced knowledge required and their lack of
seamless integration between 3D CAD software. As a result of these drawbacks designers and
experts still continue today to work in isolation from one another resulting in some duplication of
work, increased design change time and cost and hence increased time to market.

These major drawbacks of past technologies have come one step closer with the advent of Autodesk
Inventor 2008 Simulation. Here the designer has seamless links with his CAD models and the
knowledge required is minimal to drive the analysis and simulation technologies available within
Autodesk Inventor 2008 Simulation. In brief this new technology allows designers, themselves, to
take their CAD designs one step further in allowing them to create a working virtual prototype of
their designs. This will thus help designers to analyze and modify their designs efficiently and cost
effectively.

Autodesk Inventor 2008 Simulation is a must if you are looking for an engineering tool that will
resolve design problems, reduce failures and warranty costs, turn around designs faster and work
seamlessly with your CAD models. Its for engineers and designers whom are involved in the design
and manufacture of;

Industrial machinery

Medical devices

Automotive

Aerospace

Equipment for construction

Consumer products

FEA Analysis - Basic theory.

Finite Element Analysis (FEA) is a computer-based numerical technique for calculating the strength
and behavior of engineering structures. Most of the FEA Analysis software packages are based on the
finite element method this is where a component is broken down into many small simple segments or
elements. This process of creating elements in FEA analysis is called meshing.
There are mainly two types of FEA Analysis and are;

1. Linear Analysis — Currently supported

2. Non-Linear Analysis — Will be supported in future releases
Both these discussed further in the following sections.
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Linear Analysis.

As shown on the figure on the left, if the

/ force doubles, the displacement (and stresses)
. are assumed to double in linear analysis

Stress, o /
d Tensile Limit (UTS)

Yield Limit 2 \/

Linear J o/ =E
Range

Strain, ¢

Some definitions:

e Stress = Force / Area
A large force or a small area will produce high stresses within the component.

TIP: When applying loads it is advisable not to apply loads at point or small edges as this will
produce very high localized stresses.

e Youngs Modulus = Stress /Strain

The Youngs Modulus provides the stiffness of the material, for example a high youngs modulus
will produce a stronger material and lower youngs modulus will produce a weaker material as
illustrated below.

o = Very Strong Material o Very Weak Material
(Titanium) . (Glass/Lead)
€ €
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[ ]
For

Strain = Change in length / Original length
linear analysis it is assumed the change in length is very small compared to the original length

Factor of Safety = Calculated Stress / Yield Limit Stress

The following are some of the assumptions made to conduct a linear analysis

1.

abrwDd

The material properties of the component remain linear after the yield limit. Hence results
beyond this limit are not valid using a linear analysis software

The deflections of components are small compared to overall component size

Only interested in determining a factor of safety above 1 for the component in question
The components are rigid such as metal components. (Not rubber)

The components deform equally in all three directions ie. Material properties are isotropic

Non-Linear Analysis — Currently not supported in Inventor 2008 Simulation Suite.

Stress, o

Tension Limit

Yield Limit—}———

Non linear range
(material nonlinearity)

Geometric
nonlinearity

A 4

Strain, ¢

Non-linear Analysis falls into the following 3 categories.

1.

=)

Geometric nonlinearity — This is where a component experiences large deformations and as a
result can cause the component to experience non-linear behaviour as for example in a fishing
Rod.

Material nonlinearity — When the component goes beyond the Yield limit the Stress/Strain
relationship becomes non-linear as the material starts to deform permanently

Contact — Includes the effect of when two components come into contact where they can
experience an abrupt change in stiffness resulting in localized material deformation, at region
of contact.
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Mesh and Convergence.

As explained earlier the process of breaking down the component into smaller elements is called
meshing within the field of Finite Element Analysis. Currently there are three types of elements within
Inventor 2008 and are;

1. Hex solid

2. Tetrahedron solids

3. Shell elements (for sheet metal components)
Hex elements are simpler and more accurate hence less of them are required in the component. This
means the computer time to calculate the results will be less. The downside of this element is that it
can only be applied to simple solid components. Tet elements on the other hand are the default
element type and can be used to mesh any component simple or complex.

NB: The more tet elements there are in the component the longer it takes to run the analysis.

TIP: Always run the analysis on the default mesh as this will give you an indication of whether the
behaviour of the component under the applied loading is correct.

TIP: The deflection results have no effect on the number of elements. Therefore if its deflection you
are interested in there is no need to rerun the analysis again with a different mesh control and also
no need to converge the results.

TIP: For Sheet metal components always use Shell elements.

In order to check whether the stress results have converged, you will need to rerun the analysis
again with more elements to check whether the stress has changed within 10% of the first value. If
the results are within 10% there is no need to run the analysis again. However if it is above 10% you
will need to run the analysis again or/and click the convergence button as detailed below.

Mesh Relevance

y,

-100 a 100

Fesult Convergence

[ Preview Mesh ]

By applying the convergence button the software will calculate a maximum of three results to check
whether the stress value has converged. However there may be cases that the stress results may not
converge at all in this case you will need to modify how your loading is applied on the component.
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FEA Analysis Workflow — Explained

Create Component
v PART
Apply Material ENVIRONMENT
v
Apply Loads
Appl traint
pply Constraints STRESS
¢ ANALYSIS
» Run the analysis ENVIRONMENT
v
Analyse results
v
Modify
Component if PART
required ENVIRONMENT
v v
De-feature
Component if STRESS
required ANALYSIS
ENVIRONMENT
A\ 4
Mesh Control or
set convergence
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Motion Simulation — Explained in English!

Motion Simulation provides not only animation but information on kinematics and dynamics of the
moving assembly including positions, velocities, accelerations, reaction forces and torques of joints.

Why use Motion Simulation

During a typical design process, designers go through a series of typical questions like do the parts fit
together? Do the parts move well together? Is there interference? And do the parts follow the right
path? Even though most of these questions can be catered for by 3D CAD and Rendering Software
there may be other questions which cannot? For example designers may want to know the machinery
time cycle, Is the actuator powerful enough? Is the link robust enough? And can we reduce weight?
All these questions can only be answered by building a working prototype or a series of prototypes.
The major issue with this method is that it’s timely and costly. An alternative cost effective method is
to create a working virtual prototype by using motion simulation. In all this information will help
designers to build an optimum product as illustrated by the following example.

Apply force on piston to
simulate combustion force

Find peak stresses using reaction loads.
Calculated maximum stress 28MPa

Find the angular
velocity of the crank
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Motion Simulation Workflow.

In order to carry out a motion simulation on an assembly there are three core steps you need to
follow and are;

1. Create joints
2. Apply environmental constraints
3. Run and analyse results

Create Joints

In Motion Simulation there are four categories for joint types including.
1. Standard
2. Rolling and Sliding
3. 2D Contact
4. Force

These categories are illustrated below

Examples
Standard | Rolling & 2D Force
sliding Contact
Pivot CylirEier 1 Spring
in cylinder
Al d R
Spherical Screw 3D Co;;;cti
— e |
E = S
Prismatic Worm gear
and much | and much
more more

TIP: Assembly constraints can be automatically converted into standard joints by selecting the
following setting.

[ Dynamic Simulation Settings ]

O gmaticaly Update Translated Jeints
[¥]Wam when mechanism is over-constrained
Offset in initial positions
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NB: The only joints which can be automatically converted from Assembly constraints are Standard
Joints. All the other joints including 2D contact and Spring have to be created within the Motion
Simulation environment.

TIP: Create Subassemblies within Assembly environment to enable grouping of individual
components with similar motion. This will help to simply joint creation process and help towards

creating an efficient simulation model.

Apply Environmental Constraints.

At this stage of the workflow you set the initial conditions of the joints including position and

velocities as illustrated below

n-1 :Revolution (pillar:1, door:1) 1[

Gereral dof 1 (R} |FEA |

4 ¥

Position:

| 17,5 deg I~ Locked

Velocity:

I 0 deg/s ¥ Computed

Bounds
Walue: Stiffness: Damping:

[ Min, |1?,8deg IO |DNmm,|’degﬂ |DNmmsideﬂ

™ Max. |1?,8deg ﬂ |DNmm,|’degﬂ |DNmmsideﬂ

@I OK | Cancel |

Secondly, but optional, the joint torque settings can be enabled to mimic real life joints that include
joint frictional properties. The diagram below illustrates the properties that can be applied.

n°1 :Revolution {pillar:1, door:1) x|

General dof 1R} IFER |

'/

¥ Enable joint kargue

Cramnping:

TR o] [ o]

— Spring
Free position: Elastic stiffness:
| 0deg ﬂ | 0 M mmjdeg ﬂ
Dy Friction
Coefficient: Radius:
[0 31 Jorm o
@I QK | Cancel |
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Finally you can impose position, velocity or acceleration on the joints to create motion of the
assembly by specifying a constant value as illustrated below.

n*°1 :Revolution {pillar:1, door:1) 5[

General  dof 1(R) |FEF\ I

&/ &

[V Enable imposed mation

Drriving
" Position

& Velocity E 4

7 Acceleration

@ [8]4 | Cancel |

Or you can create complex motion equations using the input grapher to get the desired motion of the
assembly as illustrated below.

<= Imposed motion

(mm )

7.000
£.000
5.000
4.000
3.000
2.000
1.000
0,000

0.00 025 0.50 0.75 1.00

L[| Time (s)
Starting paik Property of the selected sector
Display |Linear ramp [l E Law 1]1: Spline v;
vi: |[Omm =
- Ending paint Intalsiope: [ pg.., | w-Con... | ¥-Coor.[&]
[F] g (ommis 1 0 0264 |
%2 [1s 2 0005 102.64
W Final slope : 3 0o 102.64
B ol O E |4 oms 102,64 ¥
: Qmmfs %] sl |

The input grapher has standard equations including ramp, sine, harmonic and much more. The
standard equations can be combined to create complex input motions.

TIP: Data can be imported into the input graphed from a predefined data within a text file.
TIP: Force can also be applied in addition, or as alternative, to imposed motion.
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Run and Analyse Results

At this final stage of the workflow you can check whether the assembly is correctly mimicking reality.
Apart from visually looking at the animation of the assembly you can use the powerful output grapher
to better understand each individual joint as illustrated below.

1/ Dynamic Simulation - Output Grap | =X
LozEBE BRER M
= (] WindowGlassLeverFEA ~ Time (5 ) W Ukin{2.1] { N.mm ) k]
£ n*1 :Revolution (Ground_asm: I +3.33333E-01 -1.78614E404
= g n°2 :Revolution (Ground_asm: +3.50000E-01 -1.79244E+04
(] Postions +3.66667E-01 -1.79865E404
@ ([ velocities 0 3,83333E-01 -1.B0477E4+04
% (3 hecelerations [ +4.00000£-01 1810816404
= (] Driving force O +4.18867e-01 -1.B167SE+04
o in2.1] O +4.333€01 -1.82261E+04 @
&[5 Force O  +4.50000€-01 -1.826838E+04
O f2.1] O  +4.66667E-01 -1.B3405E+04
O #2114 O  +4.83333€-01 -1.83964E+04
O #2411 O +s.000006-01 ~1.B45I4E+04
O fz.102) O  +5.16667E-01 -1.85095E+04
O +5.33333E-01 -1.85587E404
# | Moment O +5.500008-01 -1.86110E404
= £ r°3 Revohution (Main Am asm || [ I eezemerny T
& j Pi‘“ O +5.83333E-01 -1B71ZBE+04 ™
% (] Yelocities
@ ] Accelerations m
= ] Force 1.600, - .- -
0 f3.1] 1?0] N @ P
0 (3.1
O #{z.12v) 1.800 . AR ' .
0 #{z.1z2) oo L ) y
#- ] Moment, - ) -~
& ‘.g n%6 :Revohution (Upper_Pin_as -2.000 | LT
= £ o4 welding (Pin:1, Second & . - :
&3 Force . 0.00 0.50 1.00 1.50 2,00 2:50 3.00
< > Time: Fﬂ

Analyse position, velocity, acceleration or forces for each individual joint.

Graphical plot of chosen joint results.

Tabular data of chosen results for each time frame.

The ability to export reaction forces to the Stress Analysis environment (as motion loads).

N E

TIP: If you need to analyse a component within an assembly then it is best to conduct the simulation
of the whole assembly and then export the reaction loads to the Stress Analysis Environment, as this
will help to reduce errors as a result of poor boundary conditions.
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Motion Simulation and FEA Total Workflow Diagram

INVENTOR ASSEMBLIES-
Constrained Completely or Partially

!

| START DYNAMIC SIMULATION |

Il

| AUTOMATICALLY CONVERT CONSTRAINTS TO JOINTS |

|

MANUALLY CREATE MORE SPECIFIC JOINTS-
Springs/Actuators/2D Contact etc

!

CHECK FOR REDUNDANT JOINTS AND FIX |

I

CREATE ENVIRONMENTAL CONSTRAINTS-
Initial Positions/Imposed Motions/Force/Friction/Gravity etc

v

| RUN THE DYNAMIC SIMULATION |

+

—>| ANALYZE RESULTS FROM THE OUTPUT GRAPHER |

!

| mopIFY joinTs |

!

| MODIFY PARTS

!

| MODIFY ENVIRONMENTAL CONSTRAINTS |

: |

<—| RUN SIMULATION AGAIN |

v

| SUCCESSFUL VIRTUAL SIMULATION |

!

| TRANSFER MULTIPLE LOADS TO STRESS ANALYSIS |

|

| ANALYSE PARTS |

+

— MODIFY PARTS

v

<—| REANALYZE/OPTIMISE PARTS |

v

] RUN AND ANALYSE SIMULATION AGAIN |

il

| FINAL OPTIMISED PARTS AND SIMULATION | v

AUTODESK INVENTOR PROFESSIONAL -ONE SOLUTION — SEAMLESS AND BIDIRECTION INTEGRATION
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Some of the design problems that will be discussed in the course are;

CAM Design

Stress Analysis of Bike Release lever
Sizing of a spring for a bike Suspension
Stress Analysis of a bracket

Simulation of a Piston Assembly

3D Contact Simulation

oh,rwNE

Conclusion

Autodesk Inventor 2008 Simulation has enabled to remove the shortcomings of the traditional
dedicated FEA and Motion solutions by making the software easy to use, providing seamless
integration and most importantly it is a designer’s tool. Another important point to note is that it
provides seamless transfer of reaction forces to the stress analysis environment. It is hoped that
Inventor 2008 simulation would aim to help reduce or eliminate the need to build physical prototypes,
which are needed, for example, to produce reaction loads and most importantly to see if the product
function’s. Finally it is anticipated that with the aid of Inventor 2008 the designer will have the
capability to;

e Get to market faster

e Decrease warranty costs

e Improve product quality

Autodesk User Group International
www.AUGIluk.com

AU G I Copyright © AUGI Design Academy 2008

13



