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Assemble, integrate and test (AIT) spacecraft 
• Spacecraft development: 

•  Planning 
•  Design 
•  Analysis 
•  Assembly 
•  Integration 
•  Testing  

 
• Challenge : 

• Consistency among different models of the same product 
• Traceability of data from different domains, from different sources, in 

different formats 

Lots of data 
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The ESA DEFINE project 
• Objective: Multidisciplinary 3D digital models for AIT environment 

• Develop a platform for managing data from design, analysis, testing and PLM.  
• The platform shall be based on the standard representation of ISO 10303 STEP. 

• Typical use cases: 
Compare geometric shapes 
from different applications 

Compare clouds of 
points with 3D models 

Visualize sensors on 
3D models 

Correlate/compare sensor 
results and analysis results 

Map thermal raster images on 
to meshes and shapes 

++ 
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DEFINE - Development 
• Done: 
- Define the applications and formats to be supported 
- Define the data within the formats to be supported 
- Define the mapping between the formats and ISO 10303-209 
- Define cross-model relations for models of different domains 
• Ongoing: 
- Develop converters between the formats and ISO 10303-209 
• To do: 
- Integrate converters in SDM application 
- Develop user functionality for import processes 

Nastran BDF 

Nastran OP2 ESATAN 

CSV 

UNV 

HDF5 STEP-TAS 

VRML 

AP209 
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 55 
Modal processing   
Analysis data universal file, Test.Lab project "Tedy_Hydra_2017" 
24-08-2020 11:00:28 
MODE NO. 1, FREQUENCY 26.309503(Hz), DAMPING 0.005108 
     10002         1         8        13 
         1         3         2         8         5         3 
         2         6         1         1 
 -8.44397e-01  1.65307e+02  0.00000e+00  3.30615e+02  5.46531e+04  
2.79170e+02 
     10010 
 -2.15555e-02  2.60107e-04  1.59975e-03 -1.12287e-03  1.56752e-03 -
9.91807e-04 
     10011 
 -2.33186e-02  7.38849e-04  1.72283e-03 -1.11238e-03 -1.32503e-02 -
1.22265e-04 
     10012 

DEFINE - Mapping to AP209 
Nastran BDF 

AP209 

Test data .csv 

Test data .UNV 

Thermal raster image 
projection 

Sensor definitions 

STEP-TAS 

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($,$,$); 
#9204= PROPERTY_DISTRIBUTION_DESCRIPTION('data','data','',#9205,#9206, 
#9203,#9209); 
#9205= STANDARD_TABLE_FUNCTION(0,(4,2),#9212,0,.BY_ROWS.); 
#9206= MATHS_SPACE_CONTEXT('data domain','data domain',$,#9207,#9208); 
#9207= FINITE_INTEGER_INTERVAL(0,4); 

ESATAN results 

Cloud of points 
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DEFINE - ISO 10303-209 Repository 
The project will augment AP209 repository to support the new engineering 
domains. 

Project and product breakdown structure 
- Supported formats are converted to AP209; with the use of special 

import functions, the model’s content is linked to relevant related data 
objects. 
 

- Unsupported formats are linked in on file level. 

Data processing tools 
- Correlation of strain gauge data and structural FEM results exists: 

- Additional tools to be developed: 
- Projection of thermal images onto 3D models 

and meshes 
- Generation of nodal temperature loads 
- Support correlation of data from other 

sensor types and analysis types 
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AP209 edition 2: Scope (1/2) 

Classification 
Product Structure 

Change Management 

Approvals, Security, Status 

Composite Structure 

Composite Material Prop 

3D Models GD&T 

Property 

Drawings 

GD&T Presentation 

Construction History 

Generic Mesh 

FEA 

CFD 

Loads 

Constraints 

Analysis Results 

Analysis Management 

Fields and Properties 

Analysis Shape 

AP242e1 AP209e2 

ISO 10303-209 
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AP209 edition 2: Scope (2/2) 
ISO 10303-209 
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AP209 edition 2: Implementation benchmarks 
ISO 10303-209 
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ISO 10303-209 

Design CAD 
 
 
 
Analysis FEM 
 
 
 
Manufacturing 
 
 
Sensor data 

Some related SW 

Using AP209 for simulation and structural test data 
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• Improving and implementing the STEP ISO 
10303 standard for design, analysis and 
structural test data correlation 

• Paper in Advances in Engineering Software: 
https://www.sciencedirect.com/science/article/pii/
S0965997818301947 

• Two more papers under review 

Together with Lockheed Martin (Crystal Project): 
• Winglet prototype design by Lockheed Martin 
• Produced at NTNU 
• Analyzed (FEA) 
• Mounted sensors and set in test rig 
• FEA load cases tested physically 
• Design (CAD)             Æ AP209 
• Simulation data        Æ AP209 
• Structural Test data Æ AP209 
• All data managed in AP209 in Jotne’s SDM tool 

(EDMopenSimDM)  
• All traceability kept 

PhD thesis 
ISO 10303-209 
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AP209 edition 3: Work in ISO (1/2) 
• No change in scope 

• Include AP242 edition 2 

• Collector bug BZ#6199 lists all issues to be resolved by edition 3. 

• Among others, these BugZilla issues are included: 
• 3537: Extended enumeration mismatch 
• 4099: maths_space assigned to incompatible types 
• 4862: Add isogeometry to part 50 
• 4992: Patch 409, 410 mim longforms to add 209, 210 specific ap rule and 

remove ap242 specific ap rule 
• 4993: add application_protocol_definition rule to 409 mim shortform 
• 5018: Function stripped_typeof needs to distinguish simple data types 
• 5019/5021/5047: Maths_value WHERE-rule: invalid parameter 
• 5022: AM409 should include a CFD usage guide 
• 5023: Entity mesh_derived_math_space shall be a tuple_space 
• 5027: Parallel_composed_function.final_function: mismatch with 

derive_function_range 
• 5045: Entity mesh_derived_math_space shall be a tuple_space 
• 5048/5049: P110 only handles one-dimensional components of 3-dimensional 

properties 
• 5052: Patch 409 MIM_LF - Type mismatch in call of make_extended_tuple_space 
• 5054: Update function is_coordinate_property for BZ#5048 
• 5054/5055: Update function is_coordinate_property for BZ#5048 

• 5075/5076/5077: broken link in mathematical_functions_schema.htm 
• 5514: TYPE element_order: upward incompatible name changes 
• 5659: maths_value.WR name inconsistent with WG12 methodology 
• 5681: AP209 mapping errors not addressed in CR11 
• 5706: Correct Manufacturing_configuration.WR2 for string replacement problem 
• 5928: Cylindrical_point, Spherical_point and Polar_point are missing in the AM409 

longform  
• 5928/5516: Cylindrical_point, Spherical_point and Polar_point are missing in the 

AM409 longform 
• 6008: Groupable_item 
• 6025: Error in rule subtype_mandatory_shape_representation 
• 6026: Error in founding evaluation in Geometric_representation_item.WR1 
• 6027/7321: Structural_response_representation_schema: Founding of 

fea_parametric_point; a FPP cannot have GRC and PRC at the same time. 
• 6079: Conflicts in uses of application_protocol_definition in AP209 and AP242 
• 6198: Correct WR1 in Parametric_Curve_3d_Element_Coordinate_Direction 
• 6425: Add named_unit_variable to the MIM to represent Fahrenheit 
• 6426: Enable Data_environment to point to a specification 
• 6522: Insertion patches applied to CR_designAPs_2 MIM long forms schema 
• 6524: Manage insertions in the 442 MIM to prevent future re-insertion patches 
• 6642: Manage insertions in the 409 MIM to prevent future re-insertion patches 
• 6660: function consistent_topological_reference references a non-existent type 
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AP209 edition 3: Work in ISO (2/2) 
• Bugfix version: 

 
 

• Schedule: 
 
 
 

• Dependencies: 
• AP242ed2: is included in its totality 
• IR 10303-50, 52, 104, 107, 110: need bug fixes 

• Issue: 10303-50, 52, 104 and 110 are LATEX documents 

• Status: 
• Stepmod modules EXPRESS representations and mapping issues corrected. 
• AP209 document built successfully on stepmod (locally). 
• Support by Metanorma to convert Latex sources (P50, 52, 104 and 110) to Word. 
• Updating of text documents is on-going. 14 



AP209 edition 3: Recommended practices (1/4) 

STRUCTURAL TESTING FEM 
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AP209 edition 3: Recommended practices (2/4) 
• Additional request: 

• Define how to represent MPC and interpolation type elements such as 
NASTRANs RBE2 and RBE3. 

• Temporary, but not perfect solution on next slides. 
• Images for reference: 

 

RBE2 

RBE3 

RBE2 

RBE3 

VM STRESS Displacement 
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AP209 edition 3: Recommended practices (3/4) 

RBE2 
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AP209 edition 3: Recommended practices (4/4) 

RBE3 
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AP209 edition 4 (1/5) 
Jotne prepared a request for interest: 

• ISO/TC 184/SC 4/WG 12 N9325 
• Invitation to ISO 10303-209 edition 4 

• Was distributed by SC 4/WG 12, LOTAR and PDES 
• Proposed scope items 

• Structural and aeroelastic testing 
• Simulation related workflow instructions and feedback 
• Systems engineering and product data management 

context  
• Isogeometric design and analysis (WG12 N8354) 
• Binary files implementation method (CGNS/HDF5) 
• Discrete Element Method (DEM) 

• Review by LOTAR EAS etc. urged to give priority to 
• Non linear geometry structural FEA 
• Non linear material structural FEA 
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AP209 edition 4 (2/5) 
• Isogeometric analysis: 

• SINTEF in Norway has started to edit the module “Extended b spline 
geometry”, supported by Jotne. A draft of the ARM was distributed to all 
WG12-experts for comments. 
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AP209 edition 4 (3/5) 
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AP209 edition 4 (4/5) 
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AP209 edition 4 (5/5) 
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Digital Twin Based Crane Monitoring 
Digital Twin: As simulated  In Operation  

by Professor Terje Rølvåg, terje.rolvag@ntnu.no, +47 40065114 
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Palfinger Crane Monitoring 
Based on a validated FEDEM Digital Twin (DT) model 
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Digital Twin FEA technology 
Our Digital Twin models are simulated in real time by FEDEM: 

26 



Digital Twin FEA technology 
Our Digital Twin models are simulated real time in FEDEM: 

Mesh too dense 
to be shown  

(3.6 mill DOFs) 

� CAE  
� 3D modelling / idealization 
� Joint / spring / damper / sensor modelling 
� Substructuring ( 25 super elements) 
� Meshing 

 
� Dynamic simulation (nonlinear FEA) 

�  Forces, Positions, Velocities and Accelerations 
 

� Structural Analysis 
�  Stresses / strains 
�  Vibration frequencies 
�  Damage / durabillity 
 

� Control / hydraulics 
�  PI / PD / PID Controllers  
�  Closed loop dynamics 
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