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Training Data for Industrial Interoperability

lan Symington, CTO NAFEMS
VMAP Users Forum 2026
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What is NAFEMS?

November 1983

NAFEMS is born

The National Agency for Finite Element Methods and Standards (NAFEMS) is launched as a subject-based division of the government research body,
National Engineering Laboratory (NEL), in East Kilbride, Scotland. Bill Mair is the first Chair of the new body.
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What is NAFEMS?

ORIGIN
ANALYSIS TYFE

GHOMETRY

LOADING

CYLINDER/SPHERE TEST No DATE/185UE
INTERNAL PRES3URE Ic 27
HAFEMS report LSB2 Units M,HEN
Linear elastic thin shell
Frumt = B
B O HEU0
Thichress = 0-02% ¢ 10 14034
4 AR I BTG

1

Uniform internal pressure of 1MPa

BOUNDARY COMDITIONS Edge AC'D', symmetry i.s, zero y-displacement

and zero rotations about the x and z-axes
Edge ACD, symmetry i.e, zero x-displacessnt
and zero rotations about the ¥ mnd z-axes
Edge FF' zero z-displacementa

MATERIAL PROPERTIES Isotrople, E = 210x10'MPa, v = 0.3

ELEMENT TYPES

Mo n @,

7

OUTFUT Hoop stress s« on the outer suface
at point D

General thin shall quadrilaterals and

trianglea
& A
L]
" Elements uniformty
Bh, By waged between
[e] & £ c £ Poanils
£ o £®
F L]
¥
F F

TARGET 38.5 MPa
{analytic)

HAFEMS HEMISPHERE TEST Mo DATE/SISSUE
EXTERNAL PRESSURE Ic 17
ORIGIN NAFEMS report LSBZ Units M,KN

ANALYSIS TYPE Linear elastic thin ahell

GEOMETRY

LOADING

BOUNDARY CONDITIONS

MATERIAL PROPERTIES
ELEMENT TYPES

OUTPFUT Radiml displacement at point O

.:’-_rl-l'"'ol}

Thichoess = 04

Uniform pressure of .001MPa directed
radially inwvards.

Edge ABC, zero z-displacements
Edge CDE, symmetry, #.§. no x-displacements
or rotations about y and z-axes
Edge AFE, symmotry, @.f. no y-displacements
or roetations about x and z-axes

Isotropic, E = 6B.25x107MPa, v = 0.3

General thin shell quadrilatsralas or
triangles

Fing £
E o Unidor miy
spoced nodes
aking sdges
aboul G
A c
B

TARGET -1.282mm
(analytio]
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What is NAFEMS?

Events

N “MULTIPHYSICS
paoference 2026

NAFEMS

REGIONAL
CONFERENCES

&P\ NAFEMS WORLD
(% g)\) CONGRESS 2027
\gy// av

WORLD OF ENGINEERING SIMULATION

INCOUVER | CANADA #NWC27

. Certification
© by Simulation

... Expert Webinar Series

Publications

WHAT |
N NEXT? B

EMAS

Engineering Modelling,
Analysis & Simulation

THE NAFEMS JOURNAL

Training
€-LEARNING

o Yo LE3rNINGHUB

Certification

ZPSE

Communities
Technical Groups
Regional Groups

ASS
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NAFEMS & VMAP
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NAFEMS & VMAP

 Original project partner

* Engineering Simulation Interoperability
Review

* Due for publication March 26

ASSESS”

Engineering Simulation Interoperability
Review

Acknowledgements

The ASSESE Indigtive would like 1o acknowizdge the efforts of the reviewsrs and the
simulation experts who provided valuable information on the difierent approsches and
resources which suppart interoperabilty.

Reviewers
Tom Deighan, UK Atomic Energy Authority
Priyanka Gulati, Fraunhofer SCAI
Alzxander Karl, MAFEMS Councl Mamber
Riccardo Testi, Piaggio

jt, Madel Basgd Innovation
Klaus Wolf, Fraunhofer SCAI

Author

lan Symington, MAFEMS
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NAFEMS & VMAP

* Engineering Simulation Interoperability Review
13 interoperability scenarios defined

Model Interoperability Data Interoperability Data Management

ML Support

Structured training data.
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Integrate Models Input Data SPDM

% Reviewing models in —E] CAD, Material, @ Process management
non-authoring tools. Environment data. and audit trails.
Co-simulation Test Data — Archiving

@@ Coupling different @ Validating with physical - L”“Q']te”“ retention (10+
physical domains. Sensors. years).

r : o~ Protect

Chaining Visualization @ IP masking and access

6‘9 Manufacturing history -> Photorealistic or AR/VR | control.
Performance analysis. context. :

. 4 4 & Q Metadata
. Consistent specifications

Systems Integration -

{:@} Phy‘SiCS in system-level @D Controlled Access
environments. access to authorised individuals




NAFEMS & VMAP

Engineering Simulation Interoperability
Review

« 13 interoperability scenarios defined

* 11 standards, resources & recommendations
mapped against the scenarios

Simulation Model
Interoperability

Integrate Models

Co-Simulation

Chaining

Systems Integration

IS0 10303 AP209

EXODUS NI

Metadata Specifications

MPCCI
preCICE
P34 &P3I9

Data
Interoperability

Input Data Integration

Test Data Integration

Visualisation

Data Management

Simulation Process &
Data Management

Archiving & Retrieval

Controlled Access

Protect

Support for ML

Metadata

A VAVAVAVAVY
AVA VAVAVAY

AVAYAVAVAY N M S
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Data-driven simulation benchmarks

ASSESS”

a NAFEMS initiative

1. Simple educational benchmark

Business Challenges Achieving Cerification by Engineering Simulation

2 . I N d u Stry e p rese ntatlve Enaineerina Simulation Confidence & Governance

challenge problem

Democratization of Integration of Systems and Engineering Simulation
Engineering Simulation Detailed Sub-System Digital Twin(s})

Al/ML

Artificial Intelligence /
Machine Learning
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Simple data-driven benchmark

* Demonstrate the potential of geometric deep learning
INn engineering simulation

* Create a problem with educational merit

« Quantity of data required

« Sampling the parameter space

« Explore different models and hyperparameters
* Error estimation
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Simple data-driven benchmark

Nodes at plate lower edge constrained in 2
3 ante corners constrained in Y
1 antg corner constrained in X

e Constraint cc-lu.nt'u:m. used to ansure nodes
. at p|a~t¢ upper .:d{,.: have the same Z
: E % .:Iis,PJm:.:m.gnt e, the top edge Fetwoing, F|a.-.¢
VB
. 1;‘ Er'i' Foint load G.F-P-Ife,d. to Fa.r‘r_.nt node in the constraint
_ . equation. Load is effectively distributed across
E ] "
"c"l-t'v':t{_-n-c ---------------------------------------- UL S I TR t!-q_.: tgF. ﬂd&ﬂ DF Fint.:
Lingar slastic material
E=2ESMPa
V=03

Guantity of Irtarest = Mosisum Pr"m-:iFa.l Etress

PUTTRIET T
(FRL -] l']_ﬁ W :. }

"
..

=
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Simple data-driven benchmark

Variable Range Lower Bound Range Upper Bound

Hole diameter 30mm 240mm

Plate width 300mm 1000mm

Plate length 300mm 1000mm

Plate thickness 1mm 20mm

Applied load 5000N 100000N

Offset width direction Omm 0.4 x (Plate Width - Hole diameter)
Offset length direction Omm 0.4 x (Plate Length - Hole diameter)

* 6 datasets where different combinations of variables are modified

* Separate models trained for each dataset

« =200 training samples

« Data available in VMAP, Nastran and Hypermesh format
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Simple data-driven benchmark

 Datasets are available to download

« Summary of our experience developing a GDL model
using this data will be published in March ‘26

*  We want to hear how others have got on using the
dataset

« What tools and algorithms were used?
* Mean and Maximum absolute error measures?
» Share plots of best and worst fit stress distributions?

0

N
i NAFEMS

Membership 2025 Regional Conferences = Training ~ Events - Community ~ Rescurces - Professional Development ~ Services » About Us~ Careers

Langusge  Engliz
Autlences  Anclyst
T Dlevedoper
2 Typs Kincnwherige Bese

S

MAFEMS would like to thank Altair and the Fraunhofer Institute for their support
with this project.

Problem Variables

240mm

A VAVAVAVAVY
AVA VAVAVAY

AVAVAVAVAV N A FE h A S
AVAVAVAVAY
AVAVAVAVAY



Simple data-driven benchmark

 Dataset 1 — Variable hole diameter

Contour Plot PREDICTED  contour Plot TRUE
Element Stresses (2D} (Gauss)(P1 (major) Stress (Z1)) Element Stresses (2D) (Gauss)(P1({major) Stress (Z1))
2.692E+02 2.694E+02
[ 2.386E+02 [ 23BVE+HD2
2.080E+02 2.081E+02
— 1.774E+02 — 1.775E+02
1.468E+02 1.468E+02
[ 1.163E+02 [ 1.162E+02
B.56BE+01 B.557E+M
5.510E+H01 5493E+0
2452+ 2430E+01
-6.067E+00 -6.330E+00
Mo Result Mo Result
Local Max = 2.692E+02 Max = 2.694E+02
2D 19738 2D 20941
Local Min =-6.067E+00 Min =-6.330E+00
2D 23479 2D 32881
z z
A A
Yoo & Yoo X
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Simple data-driven benchmark

» Dataset 2 — Vary hole diameter & plate thickness

Contour Plot
Element Stresses (2D) (Gauss)(P1 (major) Stress (Z1))

1.014E+03
[ B.9B6E+D2
7.833E+02
— BG.6B1E+D2
5.528E+02
4 375E+02
3.223E+02
2.070E+02

9.176E+01
-2.350E+01
Mo Result
Max = 1.014E+03
2D 46862
Min =-2.350E+01
2D 46273

—

PREDICTED  contour Plot TRUE

Element Stresses (2D) (Gauss)(P1 (major) Stress (Z1))
1.002E+03
[ B8.BB6E+D2
7757E+02
— B6.627E+02
5.497E+02
4.367E+02
3.237E+02
2107E+02

9.773E+01
-1.525E+01
Mo Result
Max = 1.002E+03
2D 48306
Min =-1.525E+01
2D 48500

S
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Simple data-driven benchmark

« Dataset 3 — Hole diameter and plate extent

Contour Plot

Element Stresses (2D) (Gauss){P1 (major) Stress (Z1))

Max = 1.438E+02

1.438E+02
1.275E+02
1.112E+02
9.496E+01
7.860E+01
6.242E+01
4.615E+01
2.988E+01
1.361E+01

-2.655E+H00
Mo Result

2D 11590

Min =-4.022E+00

2014444

I:-N

PREDICTED  contour Plot TRUE

Element Stresses (2D) (Gauss)(P1(major) Stress (Z1))
1.439E+02
[ 1.276E+02
1.113E+02
— 9.503E+0
T.875E+01
6.24TE+01
4.619E+01
2.991E+01

1.363E+01

-2.655E+00
Mo Result
Max = 1.439E+02
20119
Min = -2.655E+00
2014133

-
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Contour Flot

Element Stresses (2D) (Gauss)(P1 (major) Stress (Z1))

5.5354 E+02
[ 1.782E+02
1.556E+02
— 1.330E+02
1.104E+02
[ B.I7TTEHO
6.316E+01
4.256E+01
1.995E+01

-1.322EHM
Mo Result
Max = 5.770E+02
2D 33343
Min =-1.230E+01
2D 25723

-

Simple data-driven benchmark

« Dataset 5 — Hole diameter and hole location

PREDICTED  contour Plot TRUE

Element Stresses (2D) (Gauss)(P1(major) Stress (Z21))

5.554E+02
[ 1.782E+02
1.556E+02
— 1.330E+02
1.104E+02
[ 8.77TEH0
6.516E+01
4.256E+01
1.995E+01

-1.322EH01
Mo Result
Max = 5.554E+02
2D 33343
Min =-1.322E+01
2D 24467
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Data-driven benchmark - Industry example

Goal — to create a challenging data
driven benchmark that is representative
of a real-world engineering problem.

Evaluate the maturity of GDL tools — @ PIAGGIO

not to score vendor products

Challenge comes from a proof of
concept study carried out by Piaggio.
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Data-driven benchmark - Industry example

g

RS
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Data-driven benchmark - Industry example

Toolsg Data

CAD = Geowmetry

Eng?ne's work?ng

MBD Ana[t{&?&
conditions

Stress, Strain,

Implicit FEA ||  Displacement,
Contact State
- —
e
Fa«tigue. Performance of
Anahﬁsis — Design

RS
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Toolg

Data

CAD

MBD Ana[l{sis

Geometry

Eng?ne_'s w'orldng
conditions

Imphc?t FEA

—_—

Stress, Strain,
Displace.me.n't ¢
Contact State

Re.place.o! by

Machine Le.arning

6——/

Fatigue
Ana|y?.sis

Performance of
Design

Data-driven benchmark - Industry example

RS

FAVAVAN
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Data-driven benchmark - Industry example

 VMAP - a standardized format for ML training data

 VMAP — a standardized format to pass data along the
workflow
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Data-driven benchmark - Industry example

The challenge

* Predict full field VM Stress, Displacement Results & Contact status (stick/slip)

» Vendors asked to supply details of their method, error metrics and plots at at
specified locations and times

 Training times, Al architecture, training infrastructure

Build complexity

» Prediction based on geometry that is included in the training set but for a load condition that
has been omitted

« Ask respondents to make a prediction on a conrod variant and load conditions that have not
been provided in the training data

Data will be provided in VMAP format to support vendor neutrality

Results will be anonymized prior to publication
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NAFEMS & VMAP

* |nteroperability is a barrier to effective use of engineering
simulation

- VMAP addresses many interoperability scenarios

* Proactively look for opportunities to utilise, promote and
work with the VMAP standards community
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