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Digi-Q research project (Q3 2021 — Q3 2024):

Digital quality assurance for sustainable industry

et

CHALMERS

Summary:

WHAT: The project realizes a digital quality assurance process that can be scaled up and
enable efficient, sustainable and competitive global production.

HOW: Through further development and industrial verification (TRL5-7) of previous results -
from a player constellation consisting of OEM, SME and research performers

WHY: Increase the competitiveness and sustainability of Swedish industry through better
digital collaboration, resource-efficient value chains, better material utilization, fewer scraps,

Increased traceability and higher quality
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Digi-Q project: Digital quality assurance for sustainable industry

S P ECI FY WP1: DIGITAL GEOMETRIC REQUIREMENTS (Chalmers)

* Take advantage of new digital standards (STEP, PMI, QIF ..)
* Seamless, digital, integration between systems and actors

(RD&T)
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F I XTU R E WP2: METHOD FOR FREE-FORM MEASUREMENT (VCC)

* Fixture-independent measurement (self-weight comp.)
* Digital way of working between OEM and supplier
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WP4: DIGITAL EVALUATION (Chalmers)
* Verification at part/component level
* Verification at product level
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WP5: DEMONSTRATOR
* Integrate WP1-4, display examples of digital value chains

fﬂ BUSINESS MODEL 1: Automotive
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WP6: BUSINESS MODELS
* Development of business models for WP1-WP5



WP3: MEASUREMENT CELL CONFIGURATION

(M 1_M33) CHﬁERS

This work package tests, verifies and validates a coherent concept for automatic configuration, off-line programming and optimization of
automated laser radars in an industrial environment..

Work package manager: Saab, Richard Lindqvist
Polyworks (software and interface)

LK (interface hardware and software for laser measurement)
IPS AB (software for Path Planning and optimization)

FCC (Algorithms for Path Planning and Optimization)

RD&T Technology (feedback measurement result to RD&T)

Deliveribles:
« D3: 1 Specification of data and information flow (M6, )
+ D3: 2 File-based information and data exchange in the digital thread (M12)

D3:
D3:
D3:
D3:
D3:

3 Program optimization of minimum number of measurement configuration (M12)
4 Protocol-based information and data exchange (M24)

5 Geometric optimization of number of sensor positions (M24)

6 Software solutions connected "as a service" (M30)

7 Optimal layout of measuring and reference equipment (M33)
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IPS for Nikon laser radar

= What is and Why do we need: IPS Laser Radar simulation software capability?
= Physical measuring cell and components overview

= Key Capabilities in IPS LR 2.0

= QOverview — Process map

=  Step 1: Import measurement data to IPS

= Step 2: Task planning

=  Step 3: Sequence optimization

=  Step 4: Program export

=  Summary and Progress: First half-year 2022



IPS for Nikon laser radar
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Source: https://www.saab.com/products/T-7A



IPS for Nikon laser radar

Laser radar metrology system overview

Operator panel and
human machine interface

PLC control box

Security fences, all | l“x\”‘* . Laser radar mounted on a
i i g;'nt - '; programmable vertical linear drive
il bt . PN | . - i (Working range: 0 — 3000 mm

Hassage nto tha cell v g il = | 2 ) S P Resolution: minimum 0,1 mm)
a."."'~.~‘g.".'_3;:g & \ 2 . —_—— ™ L, MPQP test artifact mounted

Novel research and :
in novel fixture

development fixture
with mounted
reference spheres

Programmable rotational
table (Working range: + 360°
Resolution: minimum 1°)
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I PS fOr N | kOn |aSEI' radar Key capabilities of IPS LR 2.0

Automatically find feasible
measurement configurations
Automatic sequence optimization
to minimize cycle time

Follow the generated animation
process through the augmented
camera window

Customizable code export



IPS for Nikon laser radar — process overview

PW Inspector
Measurement
preparation

J/

Product geometry

~N

T

IPS

PW Inspector
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Real station

* Measurement

features

 Reference

spheres
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Inspection program ] Inspection
* Measurement optimization * Inspection program execution |
features program
» Reference
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spheres
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Step 1 Step 2 Step 3 Step 4
Import Plan Optimize Export program
measurement measurement measurement
data to IPS :> tasks to find E> sequence to :>
feasible minimize cycle
measurement time
configurations
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* Product geometry step 1
»  Fixture e 1
to IPS

* Measurement features
* Reference spheres

Product geometry
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Step 2
Plan measurement
tasks to find
feasible
|:|I> measurement

configurations
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Automatically checks:

« Kinematically reachable

« Collision-free

* 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 (0)
must be within allowed range.

* Acertain number of reference
spheres must be visible




Step 3
Optimize
. measurement

sequence to
— minimize cycle time |
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Step 4
Export program

v
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Inspection
program

Export program

* The program export is customized in scripts outside the IPS core

« For N measurement positions, a total of (N+8) files are exported

* The exported files are then passed on to PW Inspector for program
execution in the real station

i

1. Start position (Zero position) (0 s)




Summary and Progress: First half-year 2022

Updated IPS version
— Import reference spheres and create sphere geometries
— Make import reference spheres work for new PW format — >~

ohjectType ref  ohjectName X ¥ z 11 K
— Speed-up initialization step in optimization crle 242 i o] z73501] olo
— Handle larger problem instances in optimization Circle #2(5) 1 1% 29751 00
—  Set max number of reference spheres to consider in task planning . " Pl b0 smemoo
Scripts
— Export inspection program to Polyworks Inspector (txt-files, csv-file) Laser radar
— Script for automating scene build up based on Saab CATIA start model Min angle - mmmm
— Create laser beam geometry Max angle [a5= W
Work in progress Min no. of reference spheres | 33
— Algorithm dev: Minimize no. of needed measurement positions Max no. of eferencespheres | 203,

— Measurement rules, specification



Acknowledgements and further reading
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= Further reading: Keep your eyes open for an open access article published in
the special issue of Metrology MDPI - "Advances in Portable 3D Measurement"

— https://www.mdpi.com/journal/metrology/special issues/3D Measurement
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