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TOLERANCING ISSUES
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Introduction

Tolerance analysis = Assembly simulation with
manufactured parts, ie parts
with geometric variations.

Manufacturing capability requirement :
Continous trade off between cheap manufacturing
process and high quality product
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Features relationship : Garantee Product functions
and assembly

How to define these tolerances ?

How to ensure traceability between function require ment and tolerance
specification ?
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Tolerancing Issues

Traditional design process

Manufacturing Process Design

Inspection Process Design <SS\ X

Assembly Process Design

How to manage geometrical variations through Produc t LifeCycle ?
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Tolerancing Issues

Traditional design process

FEASABILITY CONCEPT DEFINITION DEVELOPMENT SERIES
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Tolerancing is the last activity when product geomet ry is totally defined, and
therefore any modification becomes very expensive.
How to specify functional tolerancing earlier in the design process ?
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Tolerancing Issues

Assembly sequence impact :
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Sequence A->D->B ->C Sequence A->B->C->D

Sequence is chosen regarding to product main function S

Tolerance annotations include implicitly assembly se guence
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Tolerancing Issues

Geometrical entities
impact )
Functional tolerancing

 How to build geometrical entities in a CAD system, early in
the design process and progressively all along engineering
activities, taking into account, product functionalities,
tolerances and processes capabilities?
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Tolerancing Issues

Tolerance impact analysis :

— How to understand specification for downstream -’

tolerance users : Manufacturing Q-

6 >
— How to impact design change on tolerance
specification ?
VIVACE use Case : Non conformity
One dimension of a manufacturd part is out of toleran ce

How to status on the associated risk ?

* Re-build tolerance analysis to find out
justification of tolerance specification.

» Deal with non conformity process even without

Digital Mock Up ; Case of old programs still in
production

VIVACE FORUM 2 - The Haag © 2006 VIVACE Consortium Members.

Page: 9
All rights reserved

October 24-26, 2006




SOA : TOLERANCES ANALYSIS
TOOLS
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Tolerancing tools State of the art

Different tools for different goals

« Kinematic tolerancing

Objective : Validate design concepts and define fron tier tolerances
When . early design stage
Data needed : Rought geometry, Manufacturing capabili ties, building philosophy (kinematic scheme)

Mecamaster, AnaTole

e Feature tolerancing

Objective : Validate assembly of toleranced parts
When : Design validation
Data needed : Complete geometry with GD&T, assembly  sequence

3DCS, CeTOL6 Sigma, Tolerance Manager, eMTolMate

* Flexible tolerancing

Objective . Simulate realistic assembly process
When : Design validation
Data needed : FEM, DMU with GD&T, assembly sequence

CATIA V5 - TAA

 Tolerance edition
Objective : Edit Geometrical Dimensional and Toleran  cing annotations on DMU
When : DMU Publication (drawings)

CATIAV5 - FTA & PFTA
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AS IS METHOD & IMPROVEMENTS

VIVACE FORUM 2 - The Haag © 2006 VIVACE Consortium Members. Page: 12 October 24-26, 2006
All rights reserved



AS IS Method

Concepts Selection — Preliminary 1. Answer the
Studies ' :
requwements
Functional Analysis dossier

1D Stack chains computing

Drawings with tolerances 2. Tolerancing

Drawings validation C

Manufacturing and control process

Manufacturing 3. Manufacturing

Control

Non conformity analysis

4. Production
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Improvements

1. Answer the requirement dossier
- Improve traceability

2. Tolerancing

- Create simplified geometry for tolerance analysis (whe n
DMU is not available)

-  Create 3D tolerances
- Compute 3D Stack Chain

3. Manufacturing
4. Production
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NEW METHODOLOGY
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New methodology

This new method is applied on old helicopter that does not have a DMU.
It also can be applied on new helicopter but in a simplif led way.

1.Functional
analysis

Functions b

Requirements

New tolerancing Methodology, based on new
design parametric methodology

2. Assembly
Modeling
Geometrical b _
Requirements 3. Geometrlc
Kinematic scheme Modeling

Assembly sequence

Geometrical
functional b 4. Tolerance

skeleton analysis
3D stack chain
: S.Impact
Annotations .
analysis
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GAIA

Graph Analysis for Interfaces of Assembly

Based on assembly oriented nested graphs

This tool is dedicated to Designers to:

Perform a functional and structural analysis of
assemblies,

Grasp and organize assembly feature specifications,
Identify and manage interfaces requirements through

product breakdown, GAIA’s GUI

Interoperable with the Digital Mock-up, it speeds up
design changes and impact analysis,

Grasp design intents and capitalize on this design
knowledge and reuse it .
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APPLICATION ON A CASE STUDY
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Case study: the sleeve

Blade pin

Tuning spacer

Upper flange

Links with Interblade dampers

/

Lower flanae

Pitch horn

Spherical bearing

Problematic:

Check the
mountability of
the 2 spherical
bearing bolts &
the 2 blade pins
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Step 1: Functional Analysis (1/2)

Structural and functional modelling

~

Sleeve

Kinematics scheme for one technical solution

Technical solution :

Assembly Graph (GAIA) of an * Flight functions assumed by individual pitch of each blade
helicopter * the swach plate, an intermediary part controlling the
pitches
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Step 1: Functional Analysis (2/2)

From the Main Rotor to the Sleeve ...

Other systems

|| — 13| —

External

environments

Requirements]

Studied
system
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Step 2. Assembly Modeling (1/3)

In order to perform this modeling, people need to have
the following information:

- Existing Drawings,

- Requirements dossier or Good knowledge on the
studied assembly.

It is possible to realize this study with only the drawin gs,
but the non conformity impact analysis will be reduced
to the designer common sens.
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Step 2. Assemby Modeling (2/3)

The Sleeve complete model
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Step 2. Assemby Modeling (3/3)

GAIA Demonstration
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Step 3. Geometric Modeling (1/3)

Main idea: the functional skeleton

Minimum geometry needed to perform functional toler ance
analysis.
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Step 3. Geometric Modeling (2/3)

From GAIA to CATIA VS ...

0 7 Interface specification
¥ i
§ o
& &
.

Interface 3D Modelling and tolerancing
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Step 3. Geometric Modeling (3/3)

Addition of 3D object that can’t
be avoided and for a better
understanding of the skeleton

Copy of the tolerances from the
drawings and GAIA to the skeleton

This last step is not necessary to run the
study but illustrate the possibility of
extension of the functional skeleton
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Step 4: Tolerance Analysis (1/2)

As said before, ANATOLE is used for this step.

In order to understand this step, the complete DMU is used

N _—
\/Kinematic Iinks\]
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Step 4: Tolerance Analysis (2/2)

ANATOLE results are displayed thanks to tables:

List of measures and their result
(worst case and statistical)

Small drawing to quickly analyse worst
case and statistical results with referenc
to the required values

List of contributors
for one measure

Worst case and statistical

values for each contributor
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Step 5: Impact Analysis (1/2)

Now the tolerance analysis is performed, itisreal |y easy to
determine the impact of a non conformity.

Change the design

worst case values by
Worst case values .
[ of a linkage L the non Conformlty
S s | | value

perform the
tolerance analysis
with the non
conformity

Statistical values
of a linkage

determine the
Impact on the
product functions
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Step 5: Impact Analysis (2/2)

ANATOLE Demonstration
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Conclusions

Objectives vs Solutions

- Objectives : Improve time to solve a non-conformity issue. Use rs spend nearly a week to solve non-
conformity issues with the current 1D and manually method.

- Solutions : Definition of a Computer-Aided-Method based on a functional analysis, a definition of a light
and functional Digital-Mock-Up and the use of a 3D tolerancing analysis tool. The method also gain on
traceability thanks to tool that is used for the fu nctional analysis. The reuse rate of studies is ver vy high.

- Validation of the solution _: Demonstration on a test case that the method isr  eally faster that the current
method to solve a non-conformity issue. The method cost only half to one complete day (depending on
the complexity of the case) against 3 to 5 days for the current method.

Future works

- Tolerance interpretation:  ANATOLE does not take into account of tolerances. H  ow to interpreter
tolerances on gap inside linkages.

- Transfer to ECF
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Conclusions

 Tolerance analysis are performed by experts but it's
based on multidisciplinary models.

 Tolerance analysis is part of a product-process approac h.

« Tolerance models should be available for all users of
toleranced drawings (design office, Manufacturing,
Quality control, suppliers,...)

« Tolerance models shall be managed within the virtual
Product, and during all the lifecycle.
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Questions ?

Thank you for your attention

Benoit.fricero@eads.net
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