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Introduction to STEP

• ISO 10303 (Industrial automation systems and 
integration – Product data representation and 
exchange)
• Also know as: STEP (Standard for the Exchange of 

Product model data)

• Data model for storing and sharing industrial 
data with product lifecycle perspective

• The data models are written in the lexical 
EXPRESS data modeling language

STEP ISO 10303
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Introduction to STEP

STEP ISO 10303: Architecture 

• Description Methods
• EXPRESS language

• Implementation Methods
• The STEP P21 format (ASCII), SDAI, C++ binding, 

• Integrated Generic Resources (IGR)
• Core STEP data models; generic (product description, geometry, math, …)

• Integrated Application Resources (IAR)
• Core STEP data models; application (FEM, CFD, draughting, manufacturing)

• Application Modules (AM)
• Collects multiple IGR, IAR and other AM, data models

• Application Protocols (AP)
• Complete data model, aggregated content from a specific AM

• What an application implements to support STEP for a domain
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Introduction to STEP

STEP ISO 10303: Architecture 

• AP203 Configuration controlled 3D design of 
mechanical parts and assemblies

• AP214 Core data for automotive mechanical design 
processes

• AP242 Managed Model Based 3D Engineering

• AP209 Multidisciplinary Analysis and Design

• AP239 Product Life Cycle Support (PLCS)

• AP238 Integrated CNC Machining (STEP-NC)

• AP 203, Configuration Controlled 3D Designs of 
Mechanical Parts and Assemblies
• AP 214, Core Data for Automotive Mechanical 
Design Process
• AP 242, Managed model based 3d engineering
• AP 209, Multidisciplinary analysis and design
• AP 235, Materials information for the design and 
verification of products
•AP 210, Electronic assembly, interconnect and 
packaging design.
• AP 212, Electrotechnical design and installation.

• AP 215, Ship arrangement
• AP 216, Ship moulded forms
• AP 218, Ship structures

• AP 224, Mechanical product definition for process 
plans using machining features
• AP 238 - Application interpreted model for 
computer numeric controllers
• AP 240, Process plans for machined products

• AP 239, Product life cycle support
• AP 221, Functional data and schematic 
representation of process plants
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Introduction to STEP

AP209

• AP209: Multidisciplinary analysis and design
• CAD

• FEM

• CAD & FEM topological relations

• CFD

• Composites

• PLM/PDM

• Extensions:
• Structural Test Data 

• NLFEM
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Extending AP209

• Structural testing and simulations well integrated in the development 
processes of complex systems

• During and after projects, finding information is inefficient and time consuming 
with data spread over many applications, files, formats and locations.

• Simulations (FEM)
• Multiple analysis files in different formats

• Multiple result files in different formats

• Possibly post-processed result files (e.g. Excel)

• Structural Testing:
• Large test result files (e.g. from CATMAN)

• These files are usually post-processed (e.g. Excel)

• Correlation/Validation

Simulation and structural testing
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Extending AP209

• SDM + PDM are solutions

• However, still locked to proprietary formats of the 
SDM/PDM provider

• With systems based on open standards
• Ensure data can be accessed in the future (10, 20, 50 

years?)

• Ensure exchange with other standard based systems

Simulation and structural testing

Part of first study during PhD and CRYSTAL 
project with Lockheed Martin
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Extending AP209

All this data originates from different sources but is 
now contained within one single model (or multiple 
models referencing each other within one single 
repository).
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Extending AP209 – Structural testing

The physical part being tested

Individual 
sensors

Sensor types

Ref. to analysis
+ CAD model

Imported from CAE 
application files

Imported from sensor 
definitions files

Sensor library
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Tri-axial sensor

Sensor components

id direction Position, orientation

Ref. to nodes / elements 
in analysis model

Extending AP209 – Structural testing
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Individual 
sensors

Tests

Ref. to analysis load case

Analysis load 
cases

Extending AP209 – Structural testing

Defined by user
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Individual 
sensors

All results

The physical part being tested

Extending AP209 – Structural testing

Results per test

Not shown in figure:
- Results per sensor
- Results per sensor component

From .UNV and .CSV 
files from DAQ 
software
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Extending AP209 – NLFEA 

• Added content in AP209 related to NLFEA
• Analysis types

• Analysis parameters

• Nonlinear materials

• Time/variable dependent loads

• Element contact (and «gluing»)

• And more

Nonlinear analysis
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Extending AP209 – NLFEA

Nonlinear analysis

Define analysis parameters

Categorize analysis types
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Extending AP209

Nonlinear analysis

NL material models

Element surface regions + contact

Dynamic loads



http://www.jotne.com

Copyright Jotne EPM Technology AS

Extending AP209 – NLFEA

TEST A - ABAQUS TEST A - NASTRAN TEST A - ANSYS

TEST B - ABAQUS TEST B - NASTRAN TEST B - ANSYS

TEST C - ABAQUS TEST C - NASTRAN TEST C - ANSYS

Test A
- Shell elements
- NL Static
- Pressure load over surface
- Fixed increment size

Test B
- Shell elements
- NL Static
- Pressure load over surface
- Arclength control

Test C
- Volume elements
- NL Dynamic
- Impulse load at beam end 

point defined by table
- Rayleigh damping
- Specified initial / min / max

increment sizes
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Extending AP209 – NLFEA

TEST D - ABAQUS TEST D - NASTRAN TEST D - ANSYS

TEST E - ABAQUS TEST E - NASTRAN TEST E - ANSYS

TEST F - ABAQUS TEST F - NASTRAN TEST F - ANSYS

Test D
- Nonlinear static
- Surface to surface contact
- Linear materials

Test E
- Nonlinear static
- NL material (elastic perfectly plastic)
- (MPCs)

Test F
- Nonlinear static
- NL material (multilinear plasticity)
- (time dependent constraints)
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Extending AP209 – NLFEA

Example: Abaqus → AP209 → Ansys → AP209 → Nastran

https://www.youtube.com/watch?v=nPmlc8ia9dk&t=93s&ab_channel=Remi

https://www.youtube.com/watch?v=nPmlc8ia9dk&t=93s&ab_channel=Remi
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Extending AP209

NL FEA 2/3
Under review

NL FEA 3/3
Appendix in PhD thesis

Structural testing
Published
https://doi.org/10.1016/j.advengsoft.2018.08.005

NL FEA 1/3
Published
https://doi.org/10.1016/j.advengsoft.2021.102976

PhD thesis (NTNU)
https://hdl.handle.net/11250/2711837

Publications

https://doi.org/10.1016/j.advengsoft.2018.08.005
https://doi.org/10.1016/j.advengsoft.2021.102976
https://hdl.handle.net/11250/2711837
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CRYSTAL and DEFINE project

• CRYSTAL w/ Lockheed Martin
• Structural testing + Simulation data in AP209 in ISO 10303 SDM application

• DEFINE w/ ESA
• Extended scope of analysis and testing 

• Develop a platform for managing digital models (analysis and design), testing data and 
associated PLM information. 
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The CRYSTAL project

ISO 10303 repository – SDM application
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The DEFINE project

Compare geometric 
shapes from different 
applications

Compare cloud of points 
with 3D models

Visualize sensors on 3D 
models

Correlate/compare sensor 
results and analysis results

Mapping thermal raster 
images on meshes and shapes
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The DEFINE project, Simulation data

Nastran BDF

AP209 – Common data model

Nastran OP2

#9201= STATE_RELATIONSHIP(

'SPCSS1 is related to Step 1 Base Specified State',

'SPC State Relation to FE Analysis State Relation',#9198,#9199);

#9202= SPECIFIED_STATE('LoadsSS1','Loads Specified State for Step 

1');

#9203= PROPERTY_DEFINITION($,$,$);

#9204= 

PROPERTY_DISTRIBUTION_DESCRIPTION('data','data','',#9205,#9206,

#9203,#9209);

ESA-TAN results STEP-TAS models
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The DEFINE project, Testing data

AP209 – Common data model

Streaming sensor/ test data

Cloud of points

Sensors location and vector 

Raster image projections

.UNV File                CSV

#9201= STATE_RELATIONSHIP(

'SPCSS1 is related to Step 1 Base Specified State',

'SPC State Relation to FE Analysis State Relation',#9198,#9199);

#9202= SPECIFIED_STATE('LoadsSS1','Loads Specified State for Step 

1');

#9203= PROPERTY_DEFINITION($,$,$);

#9204= 

PROPERTY_DISTRIBUTION_DESCRIPTION('data','data','',#9205,#9206,

#9203,#9209);
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The DEFINE project

• Federated model in ISO 10303 repository
• STEP models imported are treated as sub-models 

of the overall federated model

• Relations managed between sub-models managed 
in link model

• Models from different domains; CAD, FEA, testing

• High level relations, and low level relations



• Questions?


