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Finding the right fit with Autodesk Inventor Tolerance
Analysis
Stephen Werst, Sigmetrix
Paul Munford, Autodesk

Learning Objectives
•

Discover why tolerance causes problems when assembling components

•

Discover how Inventor Tolerance Analysis can help

•

Learn how to analysis native and non-native assemblies for tolerance stack-up
problems with Inventor Tolerance Analysis

•

Learn how to interpret and report on Tolerance Analysis results to benefit
manufacturing processes

Description
This class will help attendees to understand the problems caused by tolerances in
manufacturing, and how to plan them out using the Product Design & Manufacturing Collection
subscription benefit of the Tolerance Analysis plug-in for Inventor software.
After discussing where tolerance problems come from - and discovering how tolerancing
problems can affect assembly of manufactured parts, we’ll show how to analyze assemblies
using Inventor Tolerance Analysis.
We’ll demonstrate how to apply tolerance to native and non-native CAD data. We’ll demonstrate
how Tolerance Analysis provides bidirectional support with Inventor software’s 3D annotation
and geometric dimensioning and tolerancing (GD&T) model-based definition (MBD). We’ll
discuss how to interpret the results of the analysis and show how to share a report of the results.
We’ll give tips and tricks on how to get the best out of Tolerance Analysis. If we have time, we’ll
discuss what’s already available inside Inventor for Tolerance Analysis that is available to nonProduct Design & Manufacturing Collection customers.

Speakers
Stephen Werst has 25 years of experience in dimensional
management and software product management.
He has been involved in a diverse range of products from
infrared imaging systems for various airborne platforms while at
Texas Instruments and later Raytheon Systems to software at
the infrastructure of cellular networks.
Stephen has a B.S. in Mechanical Engineering from the
University of Texas at Arlington and a M.S. in Engineering
Management from Southern Methodist University.

Paul Munford is a UK based Technical Marketing Manager for the
Autodesk product Design and Manufacturing Collection (PDMC).
Paul had 8 years of experience “on the tools” before joining the
CAD department in 2004. Paul was a specialist joinery
draughtsman (a “Setter out”) and CAD/CAM manager for a U.K.
based custom furniture contractor, before joining the Autodesk
Channel as an Application Engineer for Graitec UK.
Today, Paul creates awesome marketing content to show off just
how cool Inventor and the PDMC really is!
Paul is the Author of the CAD Setter Out Blog and Mastering
Autodesk Inventor 2016. Paul has been an attendee at AU Las
Vegas since 2004 and a speaker since 2012.
@PaulCADmunford
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This class partners with an Autodesk Lab (a hands-on class).
You can join this class at Autodesk University Las Vegas on Thursday, Nov 21, 2019 1:00 PM 02:30 PM.
The lab will be available online approximately two weeks after AU2019 is over.
The Lab includes a dataset that you can download, with step-by-step instructions and a
demonstration Video for each step.
Click here for to find the Lab on AU Online.:
AU Online "Finding the Right Fit with Inventor Tolerance Analysis"

What is Tolerance Analysis?

‘Will the parts that make up the assembly
always fit together?’
Ideally, every part manufactured is the same size. Every part made is fitted into its assembly in
the same way and performs in the same ay – Just as we designed it to.
In the real world – this simply isn’t the case.
Materials, equipment, tooling, environment and operator inconsistency can all lead to slight
variations in size. Individually this might not be a problem, but incrementally these variations can
stack up – preventing parts from fitting into their assemblies.
They become scrap.
So – the question we want to address is ‘Will the parts that make up the assembly always fit
together?’
Is there an easy way to do this?

In high volume manufacturing, it’s easier to justify the cost of working out the accumulating
tolerances ahead of time – even if we have to do it by hand, or in a spreadsheet. The cost is
spread over the number of parts manufactured…
With low volume manufacturing, justifying spending the time checking tolerances becomes much
harder. Not just the cost, but the time it would take – additional time taken in the design office
delays parts going into manufacture.
Sadly, we often short cut the process by setting higher tolerances than we need to – or we just
don’t think about it at all and the problem gets thrown over the wall to manufacturing.

This can the opposite effect to what we intended.
Overly high tolerances can increase the cost of the part. For example - doubling the surface
finish time of a part doubles the cost of the part.
More parts get scrapped for being out of tolerance and it takes longer to get our completed order
as more parts must be made to meet the quality we requested.
If we rely on manufacturing to work out the tolerances, they usually make a prototype, again
costing money and delaying the production run.
And of course, if no-one considers Tolerance stack up at all… well - we are in real trouble down
the line!

What is Autodesk Inventor Tolerance Analysis?

Autodesk Inventor Tolerance Analysis is a subscription benefit for Product design and
Manufacturing Collection (PDMC) subscribers.
You can download and install Tolerance Analysis from your Autodesk Account as part of your
entitlement (click here for detailed instructions).
Inventor Tolerance Analysis helps you to measure tolerance stack ups in your 3D model to more
accurately predict the level of tolerance you need to apply to the individual parts, whilst ensuring
that all parts will consistently fit together in the assembly.
Let’s take a look at a really simple example to explain how this works.

How Autodesk Inventor Tolerance Analysis works.

This simple example illustrates a stack up problem.
NOM = The size as designed
MIN = All components modelled at their minimum material condition. Is the Gap too big?
MAX = All the components modelled at their maximum material condition. Now we have a clash!
The question is, how can we work out an acceptable tolerance without increasing the price of
the components?
Click here to watch an Inventor 2020 video of this example
on the Autodesk Knowledge Network:

Autodesk Inventor Tolerance Analysis – Understanding the results.

Worst case

Let’s talk about the results that we can expect from Inventor tolerance Analysis.
The simplest result is the ‘worst-case’ scenario. This is the result that is easiest to calculate by
hand (for small quantities of parts).
In this case we simply add up all the tolerances from the components and compare them to the
tolerance of the gap.
Worst case might lead us to assume that we need to tighten up tolerances, which leads to more
expensive inspection techniques, and means that more parts being scrapped for nonconformance.
Worst case is a blunt instrument – it can lead us to believe that we have a problem that, in all
likelihood won’t happen…

RSS – Root Sum Squared

In reality - few components will be manufactured at the extremes of the tolerance requested.
In addition, it’s unlikely that all the parts that have been manufactured to the worst-case
tolerance will be chosen to go together in the same assembly.
The RSS plot looks at the probability of components being manufactured close to the nominal
dimension. In this diagram we’ve worked out each combination of worst-case tolerances and
plotted them on the graph.
Minimum material worst case is shown on the left
Maximum material worst case is shown on the right
The nominal dimension that we are looking for is 50.5mm +/- 0.5mm. Any total within the range
50mm to 51mm as acceptable.
As you can see - most of the combinations fall within the tolerance zone. It is more likely that our
manufactured parts will fall within the accumulated tolerances than not.
Instead of dealing with a ‘Worst Case’ (worst possible combination of tolerances) the statistical
approach allows us to deal with the most likely combination of tolerances.

Yield / Defects

All manufactured parts will be slightly different in size to the nominal dimension. If you measured
every part and plotted it on a graph, you would end up with a plot something like this image
shown.
The bulge in the middle represents the average dimension of the components, clustered around
the nominal dimension specified.
The green section shows the distribution of components that fall within tolerance.
The red sections show the distributions of components that will fall outside of the tolerance zone.
Rejects – scrap.

In real life, the predictions we make based on statistics don’t always come true.

Correction factor

Inventor Tolerance Analysis uses a quality correction factor (Cp and Cpk), which allow you to
take real results from your supply chain and adjust the predictions accordingly.

Two really useful plots are DPMO and Yield.
DPMO is short for ‘defects per million’ and is a prediction of how many components will be
scrapped for each million made.
Yield is the same figure displayed as a percentage – we can use either of these reports to make
a prediction of the output quality we can get for the designed tolerances.

Summary
•
•
•
•

Accuracy no part is exactly the right size.
Variation of size can result in poor performance.
Tolerances can be used to control variation.
Tolerance Analysis can provide balance between performance and cost.

Keep reading for information on how to download and install Autodesk Inventor tolerance
analysis, along with some links for training material and useful resources.
Don’t forget that this class partners with an Autodesk Lab (a hands-on class).
The Lab includes a dataset that you can download, with step-by-step instructions and a
demonstration Video for each step.
Click here for details:
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Thank You (Paul Munford)
Thank you very much for attending this class at Autodesk University. I hope that you now feel
confident that you understand how Autodesk Inventor Tolerance Analysis can be used at your
work and adjust the workflows we’ve discussed to suit your company’s needs.
I’d like to thank my Boss Lars Christenson and my colleagues at Autodesk, Chris Hall, Luke
Mihelcic and Jim Byrne for helping me to learn Tolerance Analysis and put this class together.
Finally, I’d like to thank Stephen Werst for answering all my Tolerancing questions.

How do I get Autodesk Inventor Tolerance Analysis?
Autodesk Inventor Tolerance analysis is exclusively available to subscribers to the Autodesk
Product Design and Manufacturing Collection (PDMC).
Autodesk Inventor Tolerance Analysis is FREE to subscribers.

Prerequisites
Autodesk Inventor Tolerance Analysis plugin requires Inventor 2019.1 or later.
You can check this by clicking on the arrow next to the ‘Help’ icon (The question mark on the top
right of the Inventor User Interface) and click on ‘About Autodesk Inventor Professional’.

Online help and Release Notes:
http://help.autodesk.com/view/INVTOL/2020/ENU/

Downloading a Trial
You can download a trial of Autodesk inventor Tolerance Analysis here:
https://www.autodesk.com/products/inventor-tolerance-analysis/overview

Downloading from your account
Navigate to your Autodesk Account:
https://manage.autodesk.com/home/
Note: If you are not your companies Autodesk Account Administrator, you may need to ask your
account Admin to grant you access first.
1. Click on ‘All Products and Services’.
2. Search for ‘Product Design & Manufacturing Collection’, Click on the Chevron to expand
the entry,
3. Click on ‘View all Included items’

Click on the links to download the appropriate version. Don’t forget to take note of your serial
number and Product Key!

Installing with Autodesk Desktop App
Start the Autodesk Desktop App. Scroll or search for Inventor Tolerance Analysis. Tick ‘I agree
to the terms and conditions’, click the ‘Install’ Button.

Activation
When prompted, start a trial or Click single user. You may be prompted to enter your serial
number.
If your company has a server-based licence, click ‘Multi-User’.

You will find the Tolerance analysis tools under the ‘Environments’ tab:

Learning Materials
Try the guided tutorial - step by step instructions with Videos and staged datasets, built into
Inventor.
Click on ‘Get Started’ Tab > ‘My Home’ Panel > ‘Tutorial Galley’ Button.
Search for ‘Tolerance Analysis’.
Click on the Image to download and ‘Play’ the Tutorial.

Resources
If you would like to learn more about Autodesk Inventor Tolerance Analysis, I can recommend
the following resources:
Overview Page and download a Trial:
https://www.autodesk.com/products/inventor-tolerance-analysis/overview
Help and Release Notes:
http://help.autodesk.com/view/INVTOL/2020/ENU/
Join the Beta to learn what’s coming next for Inventor Tolerance Analysis
https://Beta.Autodesk.com
Try the Guided Tutorial:

