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Learning Objectives
9 Learn how to structure assemblies effectively

1 Learn how to make use of relationships effectively, and when to use the
alternatives.

1 Learn how to manage large assemblies.

1 Learn how to trigger 'Top Down' parametric changes with ilogic.

Description

How often have you made a simple change to a part file in Autodesk Inventor, only to return to
the assembly - which EXPLODES!

I know that this has happened to you - it's happened to me too!

In this class we will learn simple and effective strategies for building parametric, stable
assemblies that can easily be updated.

We will discuss best practice for structuring assemblies and how to scale when working with
large assemblies. We will learn how to use relationships effectively, and when to use the
alternatives.

We will learn how to prepare a design for 'top down' parametric change, and how we can trigger
changes using iLogic.

Finally, we will learn how to document our design intent to ensure that our colleagues can work
with our assemblies as effectively as we can.

Supporting documents

Dondét forget to wentAU@nltehe presentation

https://www.autodesk.com/autodesk-university/au-online?query=paul+munford
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Information Modeling (BIM).
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Advanced Assembly Modelling

Reliable Modelling Techniques for Complex Assembly Design in Autodesk
Inventor

Why is parametric modelling so hard? One minute you have a perfectly good model, looking
fine, the next minute EXPLOSION!

| know that this has happenedtoyouii t 6s happened to me too.

Design Doctor

Select a problem to recover:

1. Mate:5 : Inconsistent Relationship

| MMate:4 : Inconsistent Relationship
Select E
1. Mate:9 : Inconsistent Relationship

Examine

1

Treat
E.l < Badk Cancel
A
How to use Inventor properly?
When | 6m teaching Inventor | often get asked:
OHow do | twge plrrowenr |l y?06
Ofcoursei t her e Ri g Way @ use Autodeskl nventor. | tds a tool just

can use it for lots of different tasks, and in lots of different ways 1 all of them correct.



Soohow can we quant i Asgembly?6 we | | model |l ed®o

Il 6ve gi ven t hil andhcan oolyconwefup with tevaicgtéria.

1. The data must be correct.

2. The design must be easy to update (this is the tricky part).

v Correct Data v Easy to update

Select a problem to recover:

Select i Mate:4 : Inconsistent Relationship
A\ Mate:5 : Inconsistent Relationship

/A, Mate:9 : Inconsistent Relationship

< Back | Concel




The benefit of 3D

Back in the mad bad old days of 2D drafting, our biggest issue was change.

Any competent drafter can create an accurate 2D drawing the first time, but after a change for
design, a change for engineering, a change for manufacturing, a change for procurement, a
change for site installation, a change for the customeré (and so-on) even the best drafters
allow discrepancies to creep in.

The first benefit most customers realise when switching to a 3D workflow, is an increase in
drawing quality.

Because all our drawings are vVviews o freddcttoerin 3D mode
these simple mistakes translates to less time spent checking drawings or, discussing
inconsistencies in the drawings with the people who make your designs.

The benefit of parametric modelling

Autodesk Inventor allows us to build parametric models. Models that can easily change by
adjusting the value of a parameter.

This is awesome for building models that need to be adjusted in a predictable fashion
(configurable designs). Or building families of components that are very similar (copy and
paste, adjust a parameter, job done).




The problem with parametric modelling
The problem with parametric modelling, is that we must model in 4 dimensions.

We model in the usual three dimensions, and we must also consider Time, or the way our
model might change over time.

This change over ti mB®essgaof.Bdldingnidia that@dchange a s
in a predictable fashion takes a little thought and some planning.

The problem with parametric modelling isé
I'tés easy t o uterelatibnships (Booby &rdpd!)y cr e a

Editing a feature causes all subsequent features to regenerate.

Part updates become unpredictable.

Design intent is lost.

Ti me i s I|designs, obré-madellinggrém scratch.

We would rather model our own designs, than re-use someone else's.




Reliable modelling technique

Reliable modelling technique takes effort up front. Back in the day, working productively in
AutoCAD meant mashing the keyboard faster.

Working productively in Inventor is more like playing chess. It pays to sit back and think about
what webdre going to do before we start.

Reliable modelling requires a plan.

Reliable modelling gives usé

i Editable models i Design intent is captured.
9 Obvious models i Design intent is documented.

I Reusable models T We would rather re-use than rebuild.

What makes an Assembly complex?

Component File type
Component Complexity
Component Quantity
Component Relationships
Component Adaptivity
Derived Components
Linked Parameters
Multiple Updates

By Multiple People

10



What makes an Assembly model complex?

If your model only has a few components, you dondét hayoercdleaguesor ry about
figuring out how to change your design.

If you are creating a model of a componentt hat i snét subject to change (
component), you donédaitesignitentht t o worry about

Building reliable models will take you longer in the short term. Building reliable models will save
you time, only if you will be changing the design numerous times in its life time, or you can
reuse a component in multiple designs.

Reliable modeling is a prerequisite when using a top down modelling technique, or building
configurable content such as iParts, iAssemblies or iLogic driven designs.

Relationships
The key to creating complex models in Autodesk Inventor is maintaining control of relationships.

I f you dondét utnidemshiamgd yhedvellBruilt between par at
bodies, parts constraints and assemblies i your model will not update in a predictable fashion.

The bad news is that I nventor wondt manage this f

The good news is that YOU have full control over this process.

Relationship rules

1 No unintended Relationships

1 Relationships are kept to a minimum

1 All relationships are planned and purposeful
1

All relationships are obvious and easily understood

11



An Assembly file as a Database

The main function of a part file is to have the correct geometry. Without the correct geometry we
wonot get the part made that we expected.

Assembly models have a different purpose. They allow us to conceptualise our whole design in
context. They allow us to simulate the movement or performances of components. They help us
create a Bill of Materials (BOM), or they allow us to create an animation to show assembly
instructions. We can even create drawings to document all our planning.

If we consider an Assembly to be a database, then we can consider all these outputs as
different queries of the database.

Of course, a database is only as good as the data that is in it!

Before starting a design, it s areqgre and thinkclmat

The Assembly file

Simplistically, an Assembly file contains hyperlinks to your part files, some information about
where your parts are in space and some information on how your parts relate to one another.

When you open an assembly file, Inventor will follow the hyperlinks, go out onto disk and look
for the components, extract the geometry and load it up into memory.

Inventor will then consider all the relationships (Joints and constraints) that you have applied to
see how the part files should be arranged.

For large assemblies (over 1000 unique files) T this can take some time.

If the part files that your assembly needs to load take up more RAM than you have on your PC,
Inventor will need to switch some of the part files out into your page file on your hard disk.

When a file that the assembly is referencing is edited and saved. An update is triggered in the
assembly. Inventor will check all the relationships in your assembly again to see how the
change effects the design.

This is very powerfulbutc an be extremely frustrating if
(Contradicts) the existing relationships in the assembly.

12
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Express mode

To help, Inventor will automatically load any assembly which references more than 500

components in 6Express Moded. I n express mode, I n
assembly file.
This means that I nventor doesndét have toltasmad t he

means that your assembly files will be a little larger on disk, because they contain more
information.

Express mode does | imit the operations you can pe
bet ween 6Assemblyéd and 6Modellingd in the browser
memory.

m To load the full assembly, navigate to:
',  Assembly (Tab) > Express (Panel) > Load Full (Button)
Load Full

Tip: You can set your preferences for express mode, navigate to:

Tools (Tab) > Options (Panel) > Application Options (Button) > Assembly (Tab) > Express Mode
Settings

Express Mode Settings

Enable Express mode workflows (saves graphics in assemblies)
File Open Options

(®) Open Express when referenced unigue files exceeds 500 5
() Open Full

13



File naming

Because your assembly file references |l ots of oth
rename files which are referenced by an assembly.

This would be like sending out your mailing address, only to change your house number!
ltdos also very difficult for damewmamet or i f you have

File resolution problems will slow down the loading of your assemblies. Good housekeeping will
help prevent poor performance!

I 611 gi v e filgwamiag|taitpesr fionr t he handout é

The Assembly Model Browser

The model browser in an assembly file helps you to navigate the model structure. An assembly
file can reference other assembly files, part files and even CAD files from other systems.

Any item in an assembly can be referred to as a 6
The assembly file which contains youkevwveolmp| en edé Mai
Assembly.

References in an assemblyflecan be 6nestedd An assembly file ca
assembly file, which can reference another assembly file and so on. Part files are considered

the 6l owestd | evel component in an assembly.

These relationships ar eChoifltdebn rdeelsactrii donesdh iapss .6 PTahr ee ne
6Par entcomponént.t he

Parts can update, triggering an update in an asse
update in a part. This avoids cyclical relationships.

Unlike the features in a part file, components in an assembly are not ordered. You can drag and
drop components up and down the Assembly browser to create any order you like without
breaking relationships.

In an Inventor Assembly model, Parameters and Features in one part can drive the dimensions
or location of Features in another part.

Features can also be created directly in the assembly file. This is limited to features that remove
material and is intended to represent secondary machining operations that are applied to
components after they are assembled.

Note: The assembly structure is sometimes described as a tree. The top-level assembly is the
root and trunk, the sub-assemblies are the branches and the parts are the leaves.

14



Design Intent

If | gave you a model of a 50mm by 50mm by 6mm steel
plate, with an M10 clearance hole through the middle of the
face, and asked you to change the width of that plate i what
should happen to the hole?

1 Would we have one hole in the middle?
9 One hole at either end?
9 One hole in each corner?

Using feature-based parametric part modelling we can decide how our model will change, this is
knownDesi ¢dn .I ntentd

In assemblies we can build relationships between parts using parameters, relationships (Joints
and Constraints), Adaptivity and Derive functions. This allows us to describe how the assembly
should update when our parts update.

15



Navigating an Assembly

Use the assembly Browser to explore an Assembly file. CI i ck on the &6+6 symbol

assembly to see what is contained within it (the &6is alsoknownas a O Noded) .
An Assembly that is contained within another Assemb | 'y i s knors sa&snbda y®Sub
Tip: € 0 mp o nigangen&ric term that refers to both parts and assemblies.

Model > = Q=

Assembly | Modeling

N ‘Top Level' or
Arm System.iam .
+ [ Relationships '‘Main' Assembly

+ IEl Representations
+ |=:| Qrigin i i
+ [ Armbracket-Base: 1 i —— Top Level' Sub-Assem bly
+ ﬂj Lower Arm-M:1
+. [ Middle Arm-N:1
+ ﬁ Top Arm-4:1
+ ﬁ Cylinder: 1
+ ﬁ Cylinder: 2
- ﬁ Cylinder:3
+ |::| Relationships
+ IEl Representations
+ |::| Origin
'i'-ﬁﬂyiinderTube:l # SU b'Assem bly
- Hj Cylinder Piston Rod: 1
+ |:_—| Relationships
+ El Representations
+ D Origin
+ [ 3136 1144 60:1 4 Part
+- [ 3136 7048 80:1
+ (@ 3135 7048 80:2
+. @ 0544 1100 03:1
+ @ 3136 1117 73:1
+ @ 3136 7009 52:1
& Mate:1
Q Angle: 1 (0.00 deqg)
|” stroke
m Insert:2

@ Mate:22

16
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Tip: Use the Component Priority Filter tool (In the Quick access tool bar, green symbol) to
switch between selecting Components (Top Level Parts or Sub-assemblies) Parts, Bodies and
S0 on.

Shortcut SHIFT+RMB - Hold down the SHIFT key and right click to bring the filter up at your
cursor.

Jﬂ - H S A D'EERQ @ Material -
Factory  Assemble  Design E|E|:} select Component Pricrity

!1 D¢. [ Free Move ﬂﬂelectpar’cpriurit}r

[ Free Rotate 1 Select Body Priority

Place from Create
Content Center rel:i Select Feature Pricrity
Component « Position = '._dSEIect Faces and Edges
Layout Browser Model ¥ 4 Q= @ Select Sketch Features
Assembly | Modeling [ty] Select Annotation Priority
E_j [Arm System.iam| EE Select Visible Only
+ [TIRelationships B~ Enable Prehighlight
+ [£:] Representations _
+ I Origin [nvert Selection
o, ﬁ’ Armbracket-Base: 1 Previous Selection

+ Ej Lower Arm-M:1
+- [ Middle Arm-v:1
'!'-EjTup Armi-d: 1

== Select All Occurences

.|. Select Constrained To

-I:'-chﬁinder:l @ Select Component Size...
'i'-ﬂjcﬁinder:z @Select Component Offset...
+- 5 cylinder:3 @ Select Sphere Offset..,

E|= Select by Plane...
E Select External Components

|E| Select Internal Components

r— -
O, 5elect All in Camera

17



Navigate to a Component in the Graphics Window

When you find a componentt hat | ooks i nteresting in the browser
it is in the graphic window i Right mouse button (RMB) click on the component. From the right
click menu choose OFind in Wi ndowbd. I nventor will/l

Tip: Alternatively, left mouse button (LMB) click on the component to select it, then press the
6enddé key on your keyboard.

18























































































































































































