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Abstract

This paper proposes a method for incorporating FEA data and structural test
data into one common standardized data model. This is done by taking advan-
tage of the extent of the STEP ISO-10303 [1] standard, specifically Application
Protocol 209e2 [2]. The model keeps the data traceability between the two
phases, analysis and testing, such as sensor locations and finite elements, test
and FEA load cases, and test and FEA results.

We also present an introduction to STEP and AP209e2, and discuss how it
can be used in a Simulation Data Management environment.
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1. Introduction

Simulation and structural testing plays a big role in the development of
complex products. As Moore’s Law continues, higher computational power and
storage becomes available. This has led to an ever-increasing amount of sim-
ulations, especially with analysis optimization becoming more common. The
higher computational power allows engineers to perform more complex and pre-
cise analyses with denser mesh than ever before, and if properly done, results
in more optimized and safer products.

The problem arises when all this data must be stored for reuse in the near
future or archived for longer term. The large amount of data means finding
information becomes more difficult. Files in different formats, for different ap-
plications are spread over multiple locations, and working on projects across
companies turn out to be complicated. A solution for this is often declared
to be Simulation Data Management (SDM) and Product Data Management
(PDM) which are growing in popularity. This makes organizing simulation and
CAD data together with other engineering information more efficient. One of
the industries where the above is significant is the aerospace industry, which is
also behind the work of this paper.
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Still, with SDM, users are often locked to proprietary formats of the software
initially used for their simulations and designs, causing certain complications
when different partners use different software. SDM is not the main focus of this
paper, but as we will see, AP209e2 (AP209e2 is the second edition of AP209, and
will from now on be referred to as AP209) is not only used as a file format but can
also be the backbone data model in any software (including Data Management
tools).

Added to the complexity of simulation data, we also have structural test
data. When safety is of high importance, a complex analysis may require a
physical validation. This can be everything from testing the capacity of a certain
composite part to a complete full-scale airplane test. The result is however more
data to organize. A typical (and simplified) scenario involving structural testing
is as follows:

1. A simulation is performed and results are saved in the CAE software’s
native format.

2. Based on the results, actuator and sensor locations are chosen for the
structural test.

3. Tests are performed and loads and results are exported from the test
equipment to yet another format.

Companies then often have their own internal work-flows to be able to compare
the two results. Performed manually or by scripts, a set of definitions are
required:

1. Sensor distribution in the FE model frame of reference.
2. Sensor orientations in the FE model frame of reference.
3. Relation between corresponding test cases and analysis load cases.
4. Sensor mapping to channel IDs from the test equipment.
5. Information about applied filtering techniques on applied loads and sensor

result data.

With this information, the corresponding virtual and physical results can be
managed. After transforming the results to matching orientations, a compar-
ison can be done. The results are typically output to Excel sheets or report
documents.

Figure 1: Mapping sensor locations and orientations to FEM model.
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Finally, some of the data that has to be stored are the following:

1. FEM analysis files
2. FEM result files
3. Structural test output files
4. FEM-Structural test definition files
5. Comparison / correlation results
6. Reports

In certain industries there exist strong regulations on data retention of prod-
ucts. This is the case for the aerospace industry. As an example, the Federal
Aviation Administration (FAA) in the United States, requires that ‘Type design
data must be retained and accessible for the lifespan of the product. It is possi-
ble that technical support for the original software will be terminated during the
product lifespan, so your procedures manual must explain how access to the data
will be retained or transitioned to a new software system.’ [3].

The goal of this paper is to validate that the AP209 data model have the
capabilities to represent the above information, as well as keeping the traceabil-
ity between the different fields. Thus, enabling the storage of the complete data
set in a neutral and archive-friendly format.

Figure 2 presents an overview of most of the data which we want to represent
in AP209, and how it all relates together internally in a model.

Load Cases
- The actual load cases used in the 
analysis with their corresponding loads 
and constrains. 

Test Cases
- Test IDs and description of the structural tests.
- References to documentations of the corresponding 

tests (or, by future work, standardized STEP 
description of the performed test)

Mesh
- Elements and nodes making up the mesh.

Sensors
- Position and orientation of sensors 
which are mounted on the tested object, 
in the FE Model frame of reference.

Sensor Components
- The components making up the 

sensor (for example 2 sensor
component for a bi-axial sensor strain 
gage).

- The orientation of the components.

DAQ Equipment Channels
- The channel IDs used by the structural 

testing equipment when accumulating 
test results.

- Details such as filtering techniques.

Sensor Type
- Description of the type of sensor

Test Results
- The results of each sensor components, of 

each sensor, for each test case.
- Description of the type of result data.

Additional Data
- Relation to the CAD design
- Versioning

Analysis Results
- Results from each load case for the 
analysis

Tested Object
- A representation of the object that was 

structurally tested.
- Reference to it’s CAD design and other 

documentation.

Results refers to 
corresponding 

load case.

Result to
element/node
relation

1 to 1 relations between 
Analysis Load Cases and 
Structural Test Cases

Relation between the test
and object on which it is 

performed

Relation between test and all 
results acquired from the 
sensors used.

Relation between sensor 
component, and each channel 
used for every test it was used in.

Relation between each component
of a sensor and the sensor.

Relation between each sensor and 
their types.

Relation between the Test Case
and all sensors used in that test.

Relation between the test results 
acquired and the Channel from 
which it originated.

Relation between each sensor and 
the object on which it is mounted.

Figure 2: Overview of main data represented in the model and how they relate.

In the next sections we cover a little about the background of the STEP
ISO-10303 standard, followed by Section 3 where we present the outline of the
proposed model, while Section 4 to 6 goes into specific details of the model.
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2. STEP ISO 10303

2.1. Background
Started in 1994 the goal of this standard was to standardize the represen-

tation of a product throughout its whole life-cycle across all relevant domains.
The whole standard is represented in EXPRESS [4], a lexical language which is
both human and computer readable, in a form of objects, inheritance, attributes
and rules.

Part 21 of the STEP standard [5] describes the ASCII representation of
STEP, which is commonly known as the STEP file format. In addition, STEP
defines different schemes that can be used to create database repositories for
data sharing. This is standardized in yet another part, Part 22 SDAI, Standard
Data Access Specification Interface [6]. Programming language interfaces for
STEP data is also specified in for example Part 23 [7] for C++. Having all these
standardized methods for accessing STEP data, simplifies the creation of STEP
based tools and software, and allowing these to have a unified understanding of
the data.

The standard is composed of a collection of parts, some of which covers the
use of the standard, such as the parts mentioned above, while most parts covers
the different areas supported by the standard, i.e. geometric representations,
FEA, mathematical descriptions, product structures etc. Each of these are
holding the definition of entities with their attributes and inheritance, which in
an Object-Oriented Programming (OOP) view are essentially objects or classes.

2.2. Application Protocols
Application Protocols (AP’s) collects different parts with the intention that

each AP represent a domain or phase in the product life-cycle. The AP’s also
holds information on how to combine the different parts, which in a sense,
specializes the parts for that particular APs purpose. A certain application or
software supporting STEP, defines which AP it covers and in this way each
AP could be considered different formats. While in reality, this is just the
STEP format applied to different domains. This means that all STEP files
are based on the same type of data structure, and have the same high level
definitions, allowing SDM and PDM tools to easily process files from different
domains (i.e. CAD, FEA, manufacturing). STEP has also several managements
concepts (such as requirements, assignments, classifications, roles, activities. . . )
embedded within certain parts, which can be directly integrated within a Data
Management tool.

Since the release of STEP, AP203 [8] and AP214 [9] have been the most
successful, and are now widely used as an exchange formats between CAD and
PLM software.

In Figure 3 we see how entities with inheritance and attributes are part
of a Part which again is related to (used by) an Application Protocol. The
example shows two high level entities, representation_item and represen-
tation which belongs to (are defined by) Part 43 [10]. This part has mul-
tiple very generic entities and is used by all APs. Each entity may be a
parent (supertype) of multiple entities which are defined in other Parts that
further specializes them. For simplicity the figure shows a single inheritance
branch (representation_item and representation actually have many child
(subtypes) entities defined in other parts). AP209, which covers the domain
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representation

element_representation

surface_3d_element_representation

name
items
context_of_items
id
description

node_list

model_ref
element_descriptor
property
material

PART 104

PART 43

AP209

AP242

representation_item

geometric_representation_item

solid_model

name

surface_curve_swept_area_solid

dim

swept_area_solid

swept_area

directrix
start_param
end_param
reference_surface

PART 42

Managed Model-Based 3D Engineering

Multidisciplinary Analysis and Design

representation_item

Legend

Entity

Attribute

Supertype – Subtype relation

Included in

STEP ISO 
10303

PART 43

AP209

STEP Part

Application Protocol

Figure 3: Example of how entities are included in Parts which again are included in Application
Protocols.

Analysis and Design, includes Part 42 [11], Part 43 and Part 104 [12], while
AP242 [13], intended as a CAD format, includes only Part 42 and 43. (Both
AP209 and AP209 include several other Parts which are not shown in the fig-
ure.) Figure 4 shows how representation, element_representation and
surface_3d_element_representation are defined in the standard AP doc-
uments in the EXPRESS language.

ENTITY representation;

name : label;

items : SET[1:?] OF representation_item;

context_of_items : representation_context;

DERIVE

id : identifier := get_id_value (SELF);

description : text := get_description_value (SELF);

WHERE

WR1: SIZEOF (USEDIN (SELF, 'BASIC_ATTRIBUTE_SCHEMA.' + 'ID_ATTRIBUTE.IDENTIFIED_ITEM')) <= 1;

WR2: SIZEOF (USEDIN (SELF, 'BASIC_ATTRIBUTE_SCHEMA.' + 'DESCRIPTION_ATTRIBUTE.DESCRIBED_ITEM')) <= 1;

END_ENTITY;

ENTITY surface_3d_element_representation

SUBTYPE OF ( element_representation );

model_ref           : fea_model_3d;

element_descriptor : surface_3d_element_descriptor;

property            : surface_element_property;

material            : element_material;

UNIQUE

ur1 : model_ref, SELF\representation.name;

WHERE

wr1: 

wr2: 

wr3:

fu1:  

END_ENTITY;

ENTITY element_representation

SUPERTYPE OF ( 

ONEOF ( 

volume_3d_element_representation, 

axisymmetric_volume_2d_element_representation, 

plane_volume_2d_element_representation, 

surface_3d_element_representation, 

axisymmetric_surface_2d_element_representation, 

plane_surface_2d_element_representation, 

curve_3d_element_representation, 

axisymmetric_curve_2d_element_representation, 

plane_curve_2d_element_representation, 

point_element_representation, 

directionally_explicit_element_representation, 

explicit_element_representation, 

substructure_element_representation ) )

SUBTYPE OF ( representation );

node_list : LIST [1 : ?] OF node_representation;

WHERE

wr1: 

END_ENTITY;

Figure 4: Extract of the content in the AP209 document. (Some fields are left out for
simplicity.)

A STEP file or database holds a population of such entities, and can be
interpreted by an application if the AP schema is implemented (an extract of
such a STEP file is included in Section 3.1).

2.3. Application Protocol 209
AP209 (edition 2) is called Multidisciplinary analysis and design, and is

primarily meant as an exchange format between simulation solvers. An overview
of the data that it can represent is shown in Figure 5.

As seen, it covers the representation of composites, analysis definition and
analysis results (FEM and CFD), design (CAD) and more. Note that an im-
portant aspect of AP209 is the capability of not only representing Analysis and
Design separately, but also allowing the interconnection between both domains
(such as relations between mesh and loads, and the design geometry).

With the current state of AP209, only linear static and frequency analyses
are completely supported. But as noted by [14], the standard was designed to
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