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Applied Mechanics

Short facts
* Department within the Materials&Production Division

* Researchers, engineers, technicians, administrative staff ~
60 employees (Boras, Gothenburg, Ume3d)

 Central node for solid and structural mechanics at RISE

* Large experimental & simulation capabilities. Focus on
uncertainty quantification, model validation, quality
assurance

*  Cross collaborations across entire RISE -> materials,
manufacturing, certification

«  Active mostly all industrial sectors (primarily, construction :

industry & infrastructure, automotive, energy)

Example of

load frame

for material
testing

Max force




wWhat is a standard?

European Committee
for Standardization

=

A standard is a technical document designed to be used as a rule,
guideline or definition. It is a consensus-built, repeatable way of

doing something.

Standards =

technical expertise +
needs of stakeholders

(distilled wisdom)
ISO, CEN, ASME
IEEE, BIN, etc

(manufacturers, sellers, buyers,
customers, trade associations,
users, regulators, ...)

Quality management, environmental management,
health and safety, building, food safety, etc.

Benefits:

Safety, reliability
Interoperability
Outcome of R&D
Common understanding

R
S


https://www.cen.eu/work/ENdev/whatisEN/Pages/default.aspx

HOW STANDARDS PROUFERATE:
(68 A/C (HARGERS, CHARACIER ENCODNGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE. ARE
4 COMPETING
STANDPRDS.

47! RiDIcULoUs!

WE NEED To DEVELOP
ONE [JNNERSAL STANDARD
THAT COVERS EVERYONE'S
USE CASES. YERH!
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SITUATION:
THERE. ARE
|5 COMPETING
STANDPRDS.

https://xkcd.com/927/
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https://xkcd.com/927/

AE model In GLview
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Public Domain, wiki

Standards and
numerical simulations

Growing role of numerical simulations in
product developement and decision -making
processes (e.g. smart maintenance, digital twins)

Reliability and safety of products are
traditionally based on physical testing, quality
control and certification processes. Conformity
assessment via numerical simulations is gaining
acceptance.

Can we trust models as much as measurement
devices?

Are current standards adequate to safely
perform conformity assessment via numerical
simulations?

Are quality standards for numerical simulatR'ls_
widely adopted in industry? SE


https://commons.wikimedia.org/w/index.php?curid=641911

Standardization and numerical simulations

Why bother? What can go wrong?

Fire Safety Journal 92 (2017) 64-76

A round robin study on modelling the fire resistance of a loaded steel beam

David Lange ', Lars Bostrom

RISE Research Institutes of Sweden, Safety and Transport,/Fire Research, Sweden

[...] calculations or simulations are now often used as an
alternative means of evaluation of structures exposed to fire compared
with testing. For building elements and structures in Europe the Euroc-
odes are the basis for design, and these allow calculations in simple or
advanced design methods. For certification of certain building products
calculations have the same credibility as testing. However, while for
testing there are requirements on accreditation of the test laboratory as
well as follow up inspections, this is not the case for calculations. In other
words, when evaluating building products for certification based on
testing there is a formal control system that must be followed. This type
of control does not exist when doing the same job based on calculations.
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From standards and numerical
modelling to standards for
numerical modelling

« Standardization can affect many
aspects of modelling and simulation

» Standardized practices for verification
and validation as key elements to
secure the fitness for purpose (alt.
credibility) of computational models.

NAFEMS Standards Initiative

https://www.nafems.org/publications/stan
dards/

Interoperability for integrated modelling of
manufacturing processes:

[ Standardization Efforts ]

VMAP https://itea3.org/project/vmap.html

Model encoding formats

Design
Optimization

Risk and Cost
Minimization

Conformity
Assessment

Fit-for-Purpose
Computational Model

Verification and Validation

Predictive Maturity Assessment

DN

Results

Ontologies Modelling guidelines

nIX


https://www.nafems.org/publications/standards/
https://itea3.org/project/vmap.html

Project SPRUCE

Scope and limitations

»  The focus of the study is on standards Competitive
and quality assurance methodologies edge
for numerical simulations with Robustness gained by
possible applications in Swedish Predictive power numerical
industry. simulations

*  Nodevelopment or implementation of N

specific solution, only survey.

Goals __ With Quality

*  Produce a mapping of current practices Standards
and identify industrial needs in the Without Quality
area of quality assurance of numerical Standards

simulations.

 Todevelop aroadmap/ strategy for
standardization initiatives in quality Industrial
assurance of numerical simulations in adoption
industry
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Introduction

The survey was developed in August - October 2019 and interviews
conducted from November 2019 to early February 2020.

23 questions (with sub-questions), partly quantitative and partly
qualitative, structured in five chapters: 1) Terms and definitions; 2)
Persona and organisation; 3) Process and methodology; 4) Tools and
environment; 5) Confidence building and quality appraisal activities

No rigorous design of the sample (no conclusions by statistical inference,
the primary goal was mapping out the state of art)

About 40-45 people contacted for interviews, 30 accepted. Focus on
experts of numerical simulations (any field) in Swedish industry

Data collection through interviews in person or remotely

N0



Survey structure

« Sample characterization
 industrial background
* qualifications and work environment
* methods, tools and applications

* Analysis management

* Quality/credibility assessment

* Challenges and vision

11

N0



Sample characterization

Respondents distribution per
industrial sector

3%
3% £10%
7%
10%
7% 13%

B Aerospace & Defense
B Automotive
Energy
Process
Construction
Consumer goods
IT, Electronics
Industrial Equipment

Other

87% respondents
declared their company
resorts to numerical
simulations continually

Respondent distribution per
company size

50%

23%

Number of employees
m<=500 ®m500-2000 = 2000-10000 > 10000

12 Industrial

background

N0
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Analysis management

Process model for analysis
management

M Yes, part of
o)
3% engineering
management system

M Yes, part of
engineering and
quality management
system

Partially yes, analysis
handbook

40%

No, every analysis task
is different

Typical steps in analysis

sales of analysis services/dialogue,
including estimation of time to
complete the tasks;

start up meeting with the client;

execution of the analysis and control
(supervision);

review of the results (possibly,
comparison with hand calculations)
and analysis files;

Delivery to the client (+
documentation, including decision)

N0
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Quality/credibility assessment

Self-rating of company's expertise in numerical analysis

3%

30%

50%

B beginner M intermediate expert leader

N0



Quality/credibility assessment

Does the company
formally defines quality
for numerical simulations?

B Yes EHNo

Number of answers

Attributes of high-quality
numerical simulations

N0



Quality/credibility assessment

Are you familiar with
the AIAA/ASME
definitions of V&V?

B Yes HNo

Check if you built:
- the model right (Verification)
- the right model (Validation)

Number of answers

=
N

[ERN
N

=
o

(00]

o

N

N

o

Comments on AIAA/ASME defs of V&V

Limited impact V&V consistent Important not Lack of Challenging
on daily work with the consistent with  tomix V&V  documentation implementation
AIAA/ASME the AIAA/ASME
defs defs

V&V not

Other

RI

16
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Quality/credibility assessment

Distribution of methods for quality
assurance of numerical analysis

B Personal
responsibility

2% 2%

2%_\\ | f

11%

2%

B Supervision

Peer review

V&V

Compliance to
client's

requirements
Compliance to

product standard

13%

m Compliance to
quality standard

Other

Number of answers
Now N

O N 00 v

()]

Potential for improvement

lul..

Personal Peer review

responsibility

Supervision Complianceto Compliance to
product quality

standard standard

Predictive
capability
assessment

Maturity
assessme

RI
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Challenges and vision

number of answers
= [ = [N
N (o)} (00] o N N o

N

Fidelity & ValidationResources Efficiency Strategy
Feasibility

Challenges

Other

number of answers

w

N

=

o

Efficiency Automation

Human
resources

Simulation Method Quality

governance development assurance
and

management

Requisites

Other

RI.

18
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Challenges and vision

number of answers

18
16
14
12
10

o N b~ O

beneflts/burden

Interoperability Analysis Smart
management automation

Potential benefits of standardization

Guidance for

V&V

Regulatory
framework

N0



Project and results in a nutshell (1)

« Standardization plays a role in different aspects of numerical simulations:
» definition of common terminology
« interoperability (neutral interfaces for the exchange of data and models
between different tools)

« verification and validation (V&V) Special focus
« overall quality management on these topics

* Asurvey was conducted among simulation experts in Swedish industry with the
purpose of mapping out the current practice regarding quality assurance and
credibility assessment of numerical simulations.

* The survey collected answers from 30 respondents with relatively long industrial
experience across different companies (automotive, energy, aerospace) which
heavily use numerical simulations in product development (especially in concept
and engineering phases).

RI.
. S
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Project and results in a nutshell (2)

Credibility assessment is currently largely based on personal responsibility of the
analyst and supervision by peers/more experienced personnel. Verification and
validation are recognized as important activities, but often done to a limited extent
and following ad hoc (rather than standardized) procedures.

There is a clear need of standardization in the practive of evaluation of numerical

simulations in supports to certification and compliance to regulatory requirements.

Existing product standards provide limited, if any, guidance to model building, but
nothing to credibility assessment tasks.

Management support and simulation governance (i.e. clear decision chain for
planning and managing analysis) are crucial for the effective deployment of
numerical simulations.

Standardization is seen as a potential benefit in the areas of analysis management
(e.g. as a prerequisite to process automation) and credibility assessment, provided
that it does not add excessive constraints to design creativity and "overhead” (i.e.
paperwork) to model development.

R
S
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Future plans

Recently funded new proposal from VINNOVA:

STEERING (STandardization Experiments for Enhanced Reliability of
engineerING simulations),

1.2 MSEK budget, kickoff 10th February: design of industrial use cases
for standardization in numerical simulation workflows, targeting
existing standards, e.g.

LOTAR (LOng Term Archiving and Retrieval)

Get in touch for more info, .
opportunity to get involved! SE


https://lotar-international.org/:~:text=The%20main%20deliverable%20of%20the%20project%20is%20the,Standard%20(NAS)%209300-xxx%20in%20the%20USA%20under%20AIA.

