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Geometrical Variation

Geometrical variation on individual parts (form and size), as well as assembly
variation, affects requirements on:

Assembly Function
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Geometry Assurance

Geometry Assurance is the set of activities that aims to minimize the effect of
geometrical variation in the final product.

Specification of:

* product requirements
* part tolerances

e Jlocators/datums

Inspection
Data analysis
Process control

Design feedback
DESIGN

PRE-PRODUCTION

* Inspection preparation
* OLP of inspection devices
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The industrial problem Wil

* No uniform, digital, standardized way to specify and verify geometry requirements (in use)

* No efficient way to measure and evaluate details independent of fixture

* No efficient way to automatically configure an inspection task

* No efficient way to return and verify measurement data against requirements

@

« Difficult to streamline value chains (OEM/SME)
« Difficult for large and small companies to participate in the future digital marketplace

» Difficult to realize the digital, sustainable and circular production system of the future
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Digital quallty assurance for sustainable mdustrz

_A

How to specify geometrical requirements Ty
digitally? ——— o |
P AA. as. . Blise B -
How to verify geometrical requirements
fixture-independent?
How to configure and optimize an -

inspection cell automatically?

V- N .

-~ - - » -y

How to evaluate a part or subassembly
virtually?
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Digital quallty assurance for sustainable |'rfdustr¥

A

How to specify geometrical requirements

_glhmod
digitally? — |
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The information loop crmers

* Analysis
+ Feedback

Specification:
CADICAT Tolerances

” «  Datums/locators

PN
DESIGN

Inspection preparation
OLP of inspection device

CAD - Computer Aided Design
CAT — Computer Aided Tolerancing
CAl — Computer Aided Inspection
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From CAD to CAT. STEP AP242 and/or QIF

CAD

Syaghtness

Flategs

Croulutty

[ Cylindrcty

N\ [ Peafie of & Line

| Protie of Surface
Argulariy
Perpancioutamy
Paraileism
Paosnon

Concantnaty

Symmetry
Croulw Runows

Total Rurcut

Type: Point to Point distance. @
Direction:  Vector: 0.78, 0.24, 0.57 c
p— oo

Paints: Tailgate Screen\MP_L
Ref. Points: RR Light - Lens Red\MP_L

At Asbl.:

Results

Runs 1000 LoL uoL

Mean 0.0288

Nominal  +0.000735

st 149

651D [

8570 s

Range 971

Min 494

Max 478

Rel. Min 491

Rel. Max 47

Mean shift 0.0295 45 -35 25 -15 Mean +15 +25 +35 +45
592 0.0288 597

Lower Upper
Cpk 0442 Abs -2 Abs 2 Lower Oul %
[+] 0.449 Rel -2 Rel 2 Upper Out B.8%

INSPECTION

Syaghtness
Flatness
% _: | Croulutty
o] [ Cylindrcty
e\ | Peafie of & Line

\ Protie of Surface
Argularky
Perpancioutamy

Paraleism

Posnon

) £

Concantriaty

|

Symmetry

-

Croulnr Runown

Total Runcut
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IF

Statistical CAD and
process control PMI data
using QIF

Measurement Bill of Characteristics
result data (*what”) and
Measurement Plan
(*how") data

,‘/.( . P,
- QIF Resources
'J
ISO/DMIS 5.3 Measurement y
is fully linked to i
QIF  information
Measurement %
templates, \ =
macros, and \
4 best practices ‘
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V on
From CAD to CAT via QIF: Part

B20+0.0546.1

B20+0.1-006

@36+0-02
KA EREE
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From CAD to CAT via QIF: Part

DRFs

List of existing DRFs

Bo0s00501
-
B20+0.1-4105

@36+0-02

CHALMERS

Gravity
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From CAD to CAT via QIF: Part

/-

A >
2405

B20+0.1~
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7
From CAD to CAT via QIF: Assembly crnimers

Type: Faint to Point distance.

Direction:  Vector: 0.78, 0.24, 0.57 -
Description: .M]
Paints: Tailgate Screen|MP_L

Ref. Paints: BR Light - Lens Red\MP_L

Alt. Azhl.:
Results
Runs 1000 LoL uoL
Mean 0.0208 1.
Hominal =0.000735
STh 1.49 1
& 5TD 8492
85TD 11.9
Ranga .71
Min 4,94 . . . . .
Max 479 AR Aderiani, K Warmefjord, R Sdderberg (2022). Model-based
Rl Mi -4.93 W e . .
g LA, definition in computer aided tolerance analyses.
e I T = Procedia CIRP 114, 112-116
Lawer Upper
cpk 0442 Abs =2 Abs 2 Lower Out B%

p 0.449 Rel =2 Rel 2 Upper Out B.b%
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Digital quallty assurance for sustainable |'rfdustr¥
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How to verify geometrical requirements
fixture-independent?
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Today parts are measured In part-specific
physical fixtures (over-constrained)

Design

Manufacture

Transport

Prepare measurement program
Rig the part

Measure

Store the fixture
Scrap/recycle

Parts are measured over-constrained
(does not reflect the real shape in free state)
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We propose a method that allow parts to be
mspected in "free state” (real shape)

Rigging on three spheres Scanning Calculation of real shape
(gravity compensation)

Evaluation in free state or over-
constrained in virtual fixture
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Inspection paths for a robot or a manikin
can then be calculated automatically

Input geometry Geometry segmentation Automatic curve generation

Robot placement optimization  Robot/Manikin motion planning

v
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Digital quality assurance for sustainable i'rfdustrx

4« |/E=32 SPECIFY
.4 % FIXTURE

How to configure and optimize an <
inspection cell automatically?
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Optimization and Automatic Programming of Laser Radar

Use case from Saab Aeronautics
Real station

Nikon Laser Radar
Azimut
Elevation

jlooling spheres
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Optimization and Automatic Programming of Laser Radar

Product geometry
Fixture AN

Vs

Step 1
Import measurement

data to IPS

Measurement features
*  Tooling spheres

Fixture
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Measurement features
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Tooling spheres
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Optimization and Automatic Programming of Laser Radar

Step 2
Plan
measurement
|:> tasks to find

feasible
measurement
configurations

CHALMERS
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ndustrial Path Solutions 2022-R1-5P1_laser_radar_seq_opt_1.3 = X
| 2lzgsserskmiss
S Planning process editor - “Planning process 1" - a X
Tools  Settings
Tasks| sequence|
Nikon APDIS MVA30E| Operations

Export selected... |
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* Collision-free
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* Aray can be cast from the laser to the feature
without any obstacles in the way

* The measurement angle towards the nominal
axis of the feature (8) must be within allowed

@ Show number of approved solutions
€ Show total number of solutions

€ Show minimum clearance

€ Show soft limits

© Show process time

€ Show welding force

" 1,% range.
— il ihi— . . .
" ,{W/; n A gertam number of tooling spheres must be
= il Mt visible
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Optimization and Automatic Programming of Laser Radar

Step 3
Optimize
measurement
sequence to
minimize cycle
time

=

CHALMERS

Industrial Path Solutions 2022-R1-SP1_laser_radar_seq_opt_1.3 =} X

| @lgeroe%kniss

% Planning process editor - “Planning process 1" - B X

Tools  Settings

Tasks Sequencel|

 Feature pool | Nikon APDIS MV430E

Commands

°
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°
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Agent:
Feature: -
°
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Close ’
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Automatic sequence optimization:

Optimize visiting order for all measurements

Optimize configuration alternative

Automatic path planning

Automatically add measurement of tooling spheres each
time the linear axis or turn table moves
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Digital quality assurance for sustainable i'rfdustrx

4« |/E=32 SPECIFY
.4 % FIXTURE

How to evaluate a part or subassembly
virtually?
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RD&T Variation Simulation/Tolerancing

CHALMERS

1. Define part —, 2. Build model to predict —_— 3. Run M.C., evaluate
tolerances assembly variation assembly results

AND/OR

=Pt Input variation Output variation
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Evaluation of variation in flexible
parts/assemblies

Subassembly 2

<

Variation in Subassembly 1 What if Subassembly 2 is much stiffer than
Subassembly 1?
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Evaluation of geometric tolerances

1829

e e

using strain energy density

The color-coding shows the subassembly
deviation from nominal values

1
W= 5 uTKu Strain energy density

Left: Assume sheet metal subassy. W=786 Nmm

Right: Assume plastic subassy. W=7 Nmm

Warmefjord, K., Lindkvist, L., S6derberg, R., Lindau, B., & Andrén, M.
(2023). Evaluation of geometric tolerances using strain energy
density. CIRP Annals.
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Digital quallty assurance for sustainable mdustrz

_A

How to specify geometrical requirements Ty
digitally? ——— o |
P AA. as. . Blise B -
How to verify geometrical requirements
fixture-independent?
How to configure and optimize an -

inspection cell automatically?
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How to evaluate a part or subassembly
virtually?
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Transfer of results

CHALMERS

Saab AB, Linkoping, Karlskoga, Goteborg, Karlskrona ~ PolyWorks Scandinavia

Volvo Cars, Charleston Polyworks France Volvo Cars Torslgida

InnovMetric Canjada
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PolyWorks Mexico 3 , Yohles e e < 3 v )
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< PolyWorks China
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PolyWorks Japan

0 Cars, Lugiao
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Towards sustainable production

* Increased opportunity for climate-neutral and circular production through
increased degree of digitization and automation of the geometry assurance
process

* Reduced transport of physical details (local suppliers) ,/
* Reduced travel T [
 Reduction of physical test series o

* Increased opportunity for resource-efficient and resilient value chains through
better material utilization, fewer discards, increased traceability and higher quality

 reduced variation in final product

reduced lead times in the geometry assurance chain

reduced programming time for OLP

reduced need for physical documents

reduced need for expensive fixtures

* Increased global competitiveness for Swedish OEM/SME through participation in
effective global networks and value chains

LABORATORY

o VOLVO jJx polyworks AQS A
FRAUNHOFER CHALMERS Volvo Car Corporation griaztian scandinavia

RD&T Technology




