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Abstract: The necessity, opportunities and advantages from developing ontological models of engineering concepts in the field of 
machine manufacturing technology are introduced. The characteristics and principles of the methodology for developing engineering 
technology models are presented. An experimental ontological model developed by the authors based on Protégé OWL 4.2 is described.  
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1. Introduction  
Modern engineering activities take place in an evolving and 

enriching information environment characterized by exponentially 
increasing information flows, variety of means for access and in the 
formats of data presentation, diversity of engineering problems, 
solved by automated means, penetration of the artificial intelligence 
methods and the semantic Web, too.  Effectiveness of engineering is 
highly dependent on the access and the opportunities for efficient 
processing of this information, in particular by the use of models for 
formally describing, processing and dissemination of knowledge 
resulting from research and engineering practice. 

In the recent years there is a growing interest in using 
ontological models in engineering because of their ability for a clear 
and unambiguous description of the semantics in the domain, 
regardless of the characteristics of their sources. The contemporary 
interest in the application of ontological models for solving 
engineering problems stems from the following circumstances: 

- The need to reduce design time due to the conditions of 
increasingly competitive and fast requirements for bringing 
back the investments; 

- The increasing complexity of the design process, the need to 
account for interactions with multiple environmental factors 
such as existing standards, nomenclatures, catalogs, 
production and performance characteristics, environmental 
and economic requirements, the knowledge and compliance 
of which requires rapid access to diverse, heterogeneous and 
actual information. 

The purpose of this study is to present and discuss ways to 
formalize knowledge representation in engineering systems (in 
particular - those in the field of technologies) by ontological models 
and also to justify those of their benefits that they provide in 
improving and automation engineering. 

2. Nature and characteristics (features) of 
ontological models. 

The concept of "ontology" has gained popularity in recent years 
in the field of computer science and technology for data and 
knowledge representation. It significantly recedes from content that 
is embedded in its original historical use as a fundamental 
philosophical category – i.e. "Science of Being" (Aristotle). In the 
modern sense it is a real bundle of quite diverse definitions, the 
most common of which is "an explicit specification of 
conceptualization” [9].All definitions are focused around the quality 
of the ontology to be means for representing a number of related 
concepts in a scientific or application area and also a description of 
the emerging relationship between them. Ontologies are models for 
knowledge representation that can be described as systems of 
concepts, relationships and rules for their properties, and also the 
rules defining how the concepts are involved in different 
associations. The ontological model describes: 

- Existing objects and phenomena in the subject area in the 
terms of the accepted terminology (vocabulary/vocabularies, 
in this case – the so called engineering lexicon or EL); 

- How objects and phenomena relate to each other; 

- How they are used within the subject area, and outside it; 

- Rules that define their existence and behavior. 

The ontology is composed on the basis of a specific vocabulary 
and terminology characteristic for the subject area. This implies (a) 
strict definitions (axioms) of the terms and rules (grammars) 
specifying allowable combinations in their expressions and (b) 
clarification of the logical relations between these expressions. 

The significance of ontological models in contemporary 
research and engineering (in particular - in machine-building 
engineering) practice stems from the possibility this information to 
be well structured, formalized and standardized, to be exchanged 
and used in electronic form (in CAD, CAM and CAE-systems ), to 
be available for heterogeneous systems (agents) and different users, 
to be analyzed by means of semantic analysis and artificial 
intelligence systems and in decision-making. Main tasks in 
engineering, which can be solved by using ontological models, are 
as follows: 

- Structuring, systematization and formalization of engineering 
knowledge; 

- Usage and processing knowledge in software systems for 
engineering automation (systems with structured information 
- CAD, CAE and others.); 

- Application of advanced semantic search tools corresponding 
to the engineering task information; 

- Validation of engineering solutions; 

- Life cycle analysis of the product; 

- Knowledge representation for building Semantic Web. 

Possible applications of ontological models in engineering are 
very diverse and they can be applied in all phases of the life cycle of 
the product. 

3. Methodology of the ontological engineering 
model design 

The ontological model of engineering concepts presents a 
hierarchically structured and organized set of terms that describe the 
field of mechanical-engineering technologies.  The design of an 
ontological model is difficult for formalization, iterative, ambiguous 
and still largely subjective, based on the experimental skill of 
researchers and developers. References were examined [1] [2] 
recommending various methodologies for developing ontology 
models. Each of the different methodologies prescribe different 
number of  steps  to solve the task named in different terminologies. 
Despite the observed diversity, ultimately activities for developing a 
model can be summarized in three main groups: specification, 
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conceptualization and realization of the model; the approach must 
be adapted also for the applied in the study methodology. 

4. Specification of the model. 
4.1. Purpose and scope of the model. 

In the general case, the aim of establishing the ontological 
model is determined by the possibility to be used for solving typical 
engineering problems. As far as this goal is too broadly defined and 
covered by a considerably wider range of researched and presented 
engineering concepts and their organizing structures, the concrete 
research focuses on the most common and central concepts related 
to solving primarily certain fundamental construction tasks.  The 
results presented here should be regarded as an introductory phase 
of a planned series of experimental studies that will consistently 
expand and implement opportunities for the application of 
ontologies in mechanical engineering. 

4.2. Features and specification of engineering concepts. 

Axiomatic definition of an engineering concept defines the 
denotation of each object (product, process, function, operation, 
etc.) that is relevant to solving a practical problem (in this case - the 
technology of machine production). As a specific object of 
description, engineering has distinctive terminology and vocabulary 
(lexicon). Typical engineering concepts are: the names of the 
products, their design features and physical and mechanical 
properties of the material, technological characteristics, purpose, 
processes and operations to create products and more. In the 
ontological model, each concept is described by a specific set of 
characteristics (called attributes, slots or roles) [3], which 
characterize the core of its particular features and links to other 
concepts in the subject area. Attribute values can be simple 
(primitive) or complex (reference, t.e.relatsii with other concepts), 
and usually presented in a logical form as predicate rules typical of 
the field of artificial intelligence. 

In the analysis of the subject area and contained therein 
terminology were taken into account the following most important 
distinguishing characteristics of engineering concepts related to the 
development of an ontological model of production technologies: 

- Engineering concepts are related to the achievement of a 
certain goal and the realization of definite functions in 
machine-building products. They have a specific purpose and 
must meet specific, clearly defined requirements (standards, 
recommendations, restrictions). 

- Engineering concepts are presented in a typical problem-
oriented terminology naming convention (designation), and 
abbreviations; 

- Engineering concepts are easily identifiable, clearly denotable 
and distinguishable categories and sites; 

- Engineering concepts are related to the use and consumption 
of resources (materials, energy, labor, financial resources, 
etc.); 

- Engineering concepts are related to the  way  of creation of 
material products (technologies); 

- Engineering concepts are system-oriented and they are 
associated with the creation of complex structures of 
interacting elements (conceptual complexity); 

- The interaction between elements of engineering structures are 
subject to physical laws and design rules; 

- Engineering concepts are related to the use of specific material 
substances capable of certain physical and chemical 
characteristics (hardness, thermal, electrical, composition, 
microstructure, etc.); 

- Engineering concepts are related to the use of geometric 
features – shape, configuration, dimensions, tolerances, and so 
on; 

- Engineering concepts have attributes describing the different 
types of data presented in different units of measurement - 
character, numeric, logical, references (i.e. relations to other 
concepts). The data from this group are presented in the 
relevant standard measurement system with clearly defined 
requirements for designation and accuracy of numerical 
characteristics. 

5. Conceptualization of the model. Identification of 
classes, relations and attributes. 

After analysis of the specialized terminology and textual 
references, based also on personal experience of engineering 
researchers, engineering concepts were classified into the following 
major groups (classes), forming the core of the model:  

- Class "Product" – denoting material, intermediate or final 
result of production, designed to meet specific needs. 
Depending on the level of detail, items can be separate 
components, assemblies or complete machine-building 
products (machines). They meet the specific technical and 
operational requirements and they have certain design 
structure, parameters, properties, attributes; 

- Class "Process" – the set of interrelated and organized 
technological operations aimed at the transformation of raw 
material substances in products with specific technical and 
technological characteristics; 

- Class "Material" – the original raw material for the 
manufacture of products with specified physical and chemical 
properties, chemical composition and processing capabilities 
(technical characteristics); 

- Class "Function" - defining the purpose of the device (the 
product) and its compliance with specified technical, 
technological and operational norms, specifications and 
standards (this includes also the requirements and constraints 
- technical, technological, operational); 

- Class "Geometry" - geometrical and topological features of 
the product – geometrical elements (2 D and 3 D) with their 
metric properties and characteristics of their relationships, as 
well as data on admission, roughness, etc.. 

Each of these central classes presents in a specific taxonomy the 
concepts in it (hierarchy of concepts). These taxonomies organize 
separate elements related mainly to the hierarchical classification 
(appurtenance): "is-a". The ontological model extends this structural 
performance with the addition of other characteristic to the 
engineering field relations between the concepts involved in the 
taxonomy. Thus the ontological model allows to trace the semantic 
relation between the concepts in the subject area of mechanical 
engineering technologies. The basic relations with fundamental 
meaning for the design of the ontological model are as it follows: 

- “is_a” –  belonging to the class; 

- “has_part” – "part-whole" relation - includes also the reverse 
relation "part_of"; 

- “has_function” – with three subrelations: 
„has_product_function”, “has_assembly_function”, 
“has_part_function”;  

- “has_material”; 

- “has_process” – with three subrelations: “has_manufacture”, 
“has_assemblage”, “has_adjustment” ; 

- “has_attribute” – with subrelations “has_name”, 
“has_standard”, “has_description”; 
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- “has_metric” – attribute of the measuring unit; 

- “has_value” – value of the measuring unit. 

The central concept of the ontological model,  that  of the class 
“product”, defines the basic design structure of the product, as made 
of a set of intermediate components with uniform description 
(semantically homogeneous) –  nodes  (called "assembly units of k-
th order") and final atomic components - parts made entirely of one 
single material. Because substantially this taxonomy consists 
mainly of relations "part - whole", the structure composed of 
intermediate elements (nodes, mounting units), has a recursive 
nature. Each of these elements is open to the taxonomy "process" 
and "function" through relationships "has_process" and 
"has_function". In addition to these two taxonomies, finite elements 
("detail") are related also to taxonomies "material" and "geometry." 
Taxonomy "function" presents the required functions of the class 
“article” and its subclasses, organizing them into three subclasses: 
the functions of the devices (macro functions), the functions of the 
units (which can be achieved by combining specific elementary 
functions) and functions of the details (micro-functions). [1] 

Taxonomy "material" describes the workpiece material (non-
metallic, metallic, etc.) by the attributes "name", "standard", 
"physical and mechanical properties", "chemical composition", etc. 

Taxonomy "process" describes the manufacturing process of the 
part or the production of the mounting unit by composing 
operations identified in their technological connectivity, consistency 
and completeness. It contains three subclasses: "work" (for final 
details), "installation" (for mounting units in a different order) and 
"setting." 

The description of the content of taxonomy "Geometry" is 
highly dependent on the presentation of the geometric data in CAD-
software. There are several different approaches to describe the 
geometrical characteristics of the products [5], hence there are 
simplifications at this stage that can be reduced to the basic 
dimensions of the product, the components and the parts. 

The overall structure of the ontological model, built from basic 
taxonomies and the relations between them is presented in the form 
of UML-diagram of the classes in Fig.1. 
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Fig 1. General structure and main taxonomies in the ontological model. 

 

6. Formalization of ontological models 
The formalized description of the ontological model is an 

essential stage in its design. Formalization allows formal (machine) 
processing and validation of the contents of the model, its inclusion 
in tasks for search and retrieval of semantic data, machine 
systematization and interpretation of knowledge, its application in 
tasks to automate engineering activities, in systems for new and 
validation of existing design solutions, for clear, accurate and 
specific defining the structure of the model and the links in it. 

Formalization of the ontological model affects the presentation 
of the concepts as classes in the model representation, for showing 
the relations between the classes of the restrictions imposed on them 
by type, cardinality, etc. The possibility of formalization is sought 
in the following areas: 

- Through the use of logical languages (first-order logic) - a 
traditional approach, that in its pure form is of rather 
theoretical significance; the practical implementation is 
supported by machine-oriented forms (standards); 

- Ontology-descrbing languages  – Cyc, CycL, IDEF5. 

- XML–based languages – OWL, RDF. 

In the formal description of the ontological model for 
engineering concepts, the last two approaches are of particular 
importance. Thus IDEF5 [8] is known as a part of the IDEF-

modeling-standards family in the art of software engineering. 
IDEF5 is a method for developing a workable and accurate 
ontology of  the subject area, and for the same purpose it provides 
specialized ontological languages: Schematic Language (SL) and 
Elaboration Language (EL). These languages use illustrative 
graphical tools for describing ontologies by class diagrams, 
compositional schemes, interconnection schemes, and state 
diagrams. IDEF5-features of the approach and the graphic form of 
the models make it particularly suitable for ontological modeling of 
engineering concepts.  

 
Fig.2 Rail fastening type SKL. 

Sample composition scheme of the product "Rail fastening type 
SKL" in Fig.2, constructed on the basis of standard IDEF5, is 
shown in Fig.3. A great advantage of the compositional scheme is 
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the ability to distinguish mounting units of the product and also to 
track the order and regularity of the assembly operations. 
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Fig 3. IDEF5 compositional scheme of the product "Rail fastening type SKL". 

 
XML-based languages, such as RDF (RDFS) and OWL, are 

imposed as a standard for representation of formal semantics and 
ontologies’ design by the consortium W3C.  OWL standard 
specifies three levels of language: OWL Lite, OWL DL and OWL 
Full. OWL provides both syntax to describe and extend ontologies 
and formally defined semantics that give them meaningful 
significance. In this particular survey using OWL-ontology 
becomes via the means of specialized ontological editor Protégé 
OWL. 

7. Realization of the ontological model via Protégé 
OWL. 

The approach and the principles of ontological modeling of 
engineering concepts, noted above, are applied to an experimental 
ontological model for a group of engineering products. The model 
is designed with ontological editor Protégé OWL 4.2 [7]. This 
software provides a flexible and convenient environment for the 
rapid and efficient development of prototypes and applied 

ontological models and for their export in various formats including 
RDFS (RDF Schema) and OWL (OWL 2.0). An essential quality of 
Protégé is the availability of reasoners - plug-in modules with 
expanded  opportunities to validate the correctness and fleshiness of 
the drawn models, and logical processing of the information 
provided in these data, analysis and conclusions: Pellet, FaCT + +, 
HermiT 1.3.7. For illustration to this post is attached the ontological 
model of device "SKL rail fastening type" shown in Fig.2. The 
model admitted some simplifications and limitations in order to 
display it in the foreseeable and realizable form. 

Honesty and fleshiness of the model was verified and confirmed 
by means of software tools of Protégé OWL, the mentioned above 
reasoners-modules. 

For comparison between baseline conceptual scheme (Fig. 1) of 
the ontological model and its implementation were used graphical 
tools Protégé OWL: OWLViz and OntoGraph (Fig 4 and Fig. 5). 

 

 
Fig. 4. Presentation of the article "Rail fastening type SKL" in OntoGraph. 
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Figure 5. Taxonomy of the ontological model that came with OWLVis. 
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8. Conclusion and future development 
The design of ontological models in the field of mechanical-

engineering technology is not simple and not unambiguous, but 
necessary, task. Solving it could significantly improve the quality 
and productivity of engineering at the expense of shortening the 
design, integration of formally represented knowledge engineering, 
quality improvement and validation of the constructive decisions. In 
this sense, the authors of this publication evaluate performance in 
engineering, ontological models as promising. Planned development 
of the research include: completing and expanding taxonomies 
included in the model taxonomies "material" and "function", 
experimenting with tools to extract ontologies from unstructured 
text sources of product category OntoGen [7], solving some 
engineering tasks such as analysis of the requirements to products 
for consistency and completeness, referrals to appropriate 
production technology based on specified requirements, constraints 
and functions, etc. The authors hope their planned research to 
contribute to the extension of the ontological approach to 
engineering development and to attract the attention and 
cooperation of specialists in the field of production technologies, 
and those whose interests are in the areas of processing and 
knowledge management . 
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