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AbstrAct
Purpose: The paper describes the use of object-oriented methods in modelling and analysis of components made 
of fibre-based composites. Defined and specified the method for creating fibre primitives. An algorithm for the 
design of composite structures using object-oriented methods.
Design/methodology/approach: The basic tool is an algorithm to build fibre facilities. Material properties can 
be found in the previously created databases of material objects. The whole is linked to the relevant formulas 
and diagrams.
Findings: The basis for the introduction of object-oriented method was to systematize the processes of 
modelling and analysis of composite materials. Application issue features possible to determine the final form 
of composite structure.
Research limitations/implications: Research direction is to create tools to support the work of the constructor 
during the construction of composite components. Material created a database of individual components of 
laminates, allows to build optimal in terms of established criteria of composite elements.
Practical implications: The practical aspect of using object-oriented method is to use it to define the structure 
of the laminates. At the modelling stage it is possible to perform the parameterization formula of each phase of 
the composite. This recipe is especially important during the manufacture of composites.
Originality/value: The paper presents a new approach to modelling of composites by defining a new elementary 
objects forming the basis for during the composite design process. Algorithms used in the work are particularly 
important for designers of new technical components made on the basis of fibre composites.
Keywords: Composites; Engineering polymers; Mechanical properties; Computer assistance in the engineering 
tasks and scientific research; Numerical techniques; CAD/CAM; Materials design; Materials and engineering 
databases

Reference to this paper should be given in the following way: 
A. Baier, M. Majzner, Application of feature method to the modelling of composite structural elements, Journal 
of Achievements in Materials and Manufacturing Engineering 45/1 (2011) 30-38. 
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Another level of complexity of composite materials is the 
building of the individual layers, COE-type items, composite 
laminate. Creates a new object that is submitting several 
elementary COE and the master made the element of an 
elementary COE. 

Laminar feature, WOE – called the structure of the interaction 
between the individual COE.  
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where: 
LOE – laminar feature, 
COE – composite feature, 
k – iteration of the further layers, 
l – finite number of COE layers. 

 
The contention particular feature elements had no links with 

the geometric form of the surface on which a composite was built. 
In defining the boundary conditions and the relationship between 
a composite element, and interacting objects, creating structural 
feature . It is a complex object, built with composite feature 
elements and composite structural feature (8). 
 

),( FOEKOEGOELOESOE  (8) 
 
where: 
SOE – composite structural feature, 
GOE – geometrical feature, 
KOE – construction feature, 
FOE – functional feature. 
 

The algorithm of the layer composite construction was started 
by defining a database of materials features used to build a COE. 
From a database of engineering materials drawn materials used in 
the manufacture of fibrous composites, thus created sub-bases of 
matrix and reinforcement materials. The basis for carrying out the 
process of designing the composite structures is to create a record, 
in the form of drawings depicting the geometrical form. Clearly 
defined area of a 3D model of the component which has been 
created from the functional features, is the basis for the 
construction of a layered composite. The thickness of single layer 
spacing ranges from 0.03 to several mm, the diversity of values 
results from the used materials and manufacturing technology. 
Obtain a final thickness of the model derives from the sum of the 
thickness of each layer, the dependence (8) shows the resulting 
thickness dimension of the stack. 
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k
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where: 
G – total thickness of LOE, 

k
jiCOE , – composite feature, 

)( ,
k

jiCOEg  – the value of a single layer thickness. 

3. Multilevel and multiscale modelling 
 
 

In literature multiscale modelling in physics is used to 
calculation of material properties or system behaviour on one 
level using information or models and properties from different 
levels. Following levels are usually distinguished: level of 
quantum mechanical models (information about phenomena 
occurring between the electrons), level of micro models 
(information about phenomena occurring between the atoms), 
mesoscale or nano level (information about phenomena occurring 
between molecules and group of atoms), micro level models 
(information about the phenomena occurring in the structural 
objects). Multiscale modelling is particularly important in 
integrated computational materials engineering since it allows to 
predict material properties or system behaviour based on 
knowledge of the atomistic structure and properties of elementary 
processes [1]. 

In regard to the design of composite materials attempt to 
define multilevel and multiscale components of structural 
element. When quantum level is defined as the basic unit of the 
composite material which components exist as two separate 
phases, then the analysis of matrix and reinforcement are made 
independently. In the process of combining independent phase of 
the quantum level (MOEm and MOEz), created a layer called the 
micro level. At this level has been previously created object called 
composite feature (COE). In the process of combining individual 
layers of COE, which is in the level of meso (nano) obtains 
ownership of WOE. The combination of layers creates a Laminar 
Composite. If we superimpose a WOE ties and boundary 
conditions and define a geometric figure, the object will receive 
the structure, this layer is known as macro level (Fig. 3). 

Multiscale analysis is defined as a feedback loop in the design 
of composite structures. It is possible to analyse particular 
components in terms of set conditions. Defines the primary loop, 
which is a fundamental feature of the proposed composite. In this 
loop you can use these conditions for endurance: 

stress, 
deformation, 
displacement, 
rotation. 
Simultaneously, an additional condition may be a primary 

condition related to the property of the layer: 
angle arrangement of fibres, 
weight, 
layer thickness, 
type of matrix material, 
type of material reinforcement; 

or all of the composite: 
weight, 
total thickness. 
Specific conditions may be applied from the basic material of 

a particular phase, through the layer to the total composition. In 
the process of optimization of the composite can be applied to the 
same conditions, further clarification of their weight values. The 
feedback was presented as a secondary loop design. 
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Simultaneously, an additional condition may be a primary 

condition related to the property of the layer: 
angle arrangement of fibres, 
weight, 
layer thickness, 
type of matrix material, 
type of material reinforcement; 

or all of the composite: 
weight, 
total thickness. 
Specific conditions may be applied from the basic material of 

a particular phase, through the layer to the total composition. In 
the process of optimization of the composite can be applied to the 
same conditions, further clarification of their weight values. The 
feedback was presented as a secondary loop design. 

3.  Multilevel and multiscale 
modelling
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