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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. 

 
 

1. I
 

E
dema
sell. 
enab
the c
enter
indep
requi
desig
the p
issue
comp

F
netw
realiz
the p
Featu
orien
their 
 D
 M
 A
 M
 T
 F

T
the d
 
 

2. D
 

In
meth
comp

M
on 
engin
MO
wher

iw –
M

toget
struc
set o
colle
comp
and p

E
mate
mate

MO
wher

pw  –
i – ite

Introducti
Evolution of the
ands to shorten t
Computer Integr
les continuous m
current needs a
rprise software 
pendent applic
irements for th
gn and construct
potential of usin
es related to co
posite componen
Feature element

work of exchange
zing the general 
problem of mo
ure Based Mode
nted design char

use is as follow
Design Features 
Machining Featu
Assembly Featur
Material Feature
Tolerance Featur
Functional Featu
The study attem
design of structur

Defining of
n order to ca

hodology, the u
ponents, it was n
Material feature, 
mechanical, te
neering material

i,wOE i 1
re: 
– material proper
Material feature
ther with the stru
tural element, c
f MOE, has bee

ection of mater
posite materials 
physical. 
Elements of a 
erials used as r
erial feature - rein

p,wOE p
Z
i

re: 
– material proper

eration of a set i

ion 
e CAx-class sof
the preparation t
ration various st
monitoring and 

and to their gen
CAx, whose ind
ations that ca
e accomplishm
tion. Software v

ng the developm
omputer modelli
nts [2, 3, 5, 6]. 
t is an entity 
es of messages, 
objectives of th

odelling objects
elling, we defin
racteristics. The

ws: 
- construction fe

ures - technologi
res - assembly fe
s - material featu
res -.tolerance fe
ures - functional 

mpts to determin
ral components b

f features 
arry out the p
use of features 
necessary to intro
 MOE, is called 
echnological an
s. 

i,,1  

rty. 
e, functions as
uctural, geometr
creating a compl
en specified subs
rials for use 
with varying ch

subset of MOE
reinforcement i
nforcement and 

,,,1 pp

rty, 

Ni . 

ftware is dictat
time to introduc
tages of product
adjustment of t

neration. The u
dividual module
an clarify the
ent of tasks in
vendors have lon

ment of these sys
ing and strengt

that stores data
performs some 

he system. Takin
s using a graph
ne them as 3D o
e division of fe

eature, 
ical feature, 
eature, 
ure, 
eature, 
feature. 
e the material o
based on fibre c

process of for
in the design 

oduce the releva
as a collection o

nd physical p

s a simple fe
ric feature define
lex feature . Insi
set of MOE, wh
as separate co

hemical propertie

E, and a set o
in fibrous com
marked with the

,Np  

ted by market 
ce a product to 

life cycle and 
the product to 
se of modern 
es function as 
e needs and 
n front of the 
ng recognized 
stems took the 
th analysis of 

a, establish a 
services, thus 
g into account 
hical-oriented, 
objects or 2D-
eatures due to 

of features for 
omposites. 

rmalizing the 
of composite 

ant definitions. 
of information 
properties of 

(1) 

ature, which, 
ed forms filled 
ide the master 

hich contains a 
omponents of 
es, mechanical 

of engineering 
mposite, called 

e symbol: 
(2) 

Reinfor
particles or 
 obtain a

tempera
 changes
 used as

more ex
Elemen

materials u
material fea
 
MOEM

 
where: 

pw  – mater

i – iteration
MOEM

 mainten
 transfer
 protecti

from ot
Relation

to a set of M
 

MOEZ

 

 
 
In defin

two compo
improved p
relation to
material is 
between the

The us
which is a c
establishme
Which form

rcing componen
fibres, entering 

a material with 
ature of the obje
s deformability m
s a filler, provi
xpensive than th
nts of a subset 
used as reinforc
ature – matrix an

,1p,wp

rial property, 

n of a set Ni .
fulfils the funct

nance of the enti
r load on reinfor
ion reinforcing c
ther negative inf
n of belonging s

MOE are shown 

MMOEM

 

Fig.

ning the compo
onents with diffe
properties and 

o the compone
externally mon

e components. 
e of such, the 
combination (su
ent, a new comp
m represents the 

nts, the MOEZ, 
the matrix mate
high yield or st
ct, 
matrix material, 
ded that the m

he reinforcement 
of MOE, and

cement in fibrou
nd marked with t

,, Npp

ions of: 
ire system in a co
cing component
components aga

fluences of surro
subsets MOE ma
in Figure 1 and 

MOE , wherein

 1. Sets of MOE

osite as: materia
erent properties 
(or) a new (ad
nts used separ
olithic, with cle

definition lets 
um) of simple fea
plex feature, nam
relationship (5) 

can take the f
erial in order to:
trength at the op

matrix material i
material. 

d a set of engi
us composite, c
the symbol: 

,N  

ompact form, 
ts, 
ainst direct dama
unding environm
atrix and reinfor
using relations (

n 

 
E 

al formed from 
in such a way t
ditional) proper
rately. The com
early visible bou

specify a new 
ature such as M
med composite
COE:  

form of 

perating 

s much 

ineering 
c called 

(3) 

age and 
ment. 
rcement 
(4). 

(4) 

at least 
that has 
rties, in 
mposite 
undaries 

feature, 
OE and 
feature. 

http://www.journalamme.org
http://www.journalamme.org
http://www.readingdirect.org
http://www.readingdirect.org


31READING DIRECT: www.journalamme.org

Analysis and modelling

 
 

1. I
 

E
dema
sell. 
enab
the c
enter
indep
requi
desig
the p
issue
comp

F
netw
realiz
the p
Featu
orien
their 
 D
 M
 A
 M
 T
 F

T
the d
 
 

2. D
 

In
meth
comp

M
on 
engin
MO
wher

iw –
M

toget
struc
set o
colle
comp
and p

E
mate
mate

MO
wher

pw  –
i – ite

Introducti
Evolution of the
ands to shorten t
Computer Integr
les continuous m
current needs a
rprise software 
pendent applic
irements for th
gn and construct
potential of usin
es related to co
posite componen
Feature element

work of exchange
zing the general 
problem of mo
ure Based Mode
nted design char

use is as follow
Design Features 
Machining Featu
Assembly Featur
Material Feature
Tolerance Featur
Functional Featu
The study attem
design of structur

Defining of
n order to ca

hodology, the u
ponents, it was n
Material feature, 
mechanical, te
neering material

i,wOE i 1
re: 
– material proper
Material feature
ther with the stru
tural element, c
f MOE, has bee

ection of mater
posite materials 
physical. 
Elements of a 
erials used as r
erial feature - rein

p,wOE p
Z
i

re: 
– material proper

eration of a set i

ion 
e CAx-class sof
the preparation t
ration various st
monitoring and 

and to their gen
CAx, whose ind
ations that ca
e accomplishm
tion. Software v

ng the developm
omputer modelli
nts [2, 3, 5, 6]. 
t is an entity 
es of messages, 
objectives of th

odelling objects
elling, we defin
racteristics. The

ws: 
- construction fe

ures - technologi
res - assembly fe
s - material featu
res -.tolerance fe
ures - functional 

mpts to determin
ral components b

f features 
arry out the p
use of features 
necessary to intro
 MOE, is called 
echnological an
s. 

i,,1  

rty. 
e, functions as
uctural, geometr
creating a compl
en specified subs
rials for use 
with varying ch

subset of MOE
reinforcement i
nforcement and 

,,,1 pp

rty, 

Ni . 

ftware is dictat
time to introduc
tages of product
adjustment of t

neration. The u
dividual module
an clarify the
ent of tasks in
vendors have lon

ment of these sys
ing and strengt

that stores data
performs some 

he system. Takin
s using a graph
ne them as 3D o
e division of fe

eature, 
ical feature, 
eature, 
ure, 
eature, 
feature. 
e the material o
based on fibre c

process of for
in the design 

oduce the releva
as a collection o

nd physical p

s a simple fe
ric feature define
lex feature . Insi
set of MOE, wh
as separate co

hemical propertie

E, and a set o
in fibrous com
marked with the

,Np  

ted by market 
ce a product to 

life cycle and 
the product to 
se of modern 
es function as 
e needs and 
n front of the 
ng recognized 
stems took the 
th analysis of 

a, establish a 
services, thus 
g into account 
hical-oriented, 
objects or 2D-
eatures due to 

of features for 
omposites. 

rmalizing the 
of composite 

ant definitions. 
of information 
properties of 

(1) 

ature, which, 
ed forms filled 
ide the master 

hich contains a 
omponents of 
es, mechanical 

of engineering 
mposite, called 

e symbol: 
(2) 

Reinfor
particles or 
 obtain a

tempera
 changes
 used as

more ex
Elemen

materials u
material fea
 
MOEM

 
where: 

pw  – mater

i – iteration
MOEM

 mainten
 transfer
 protecti

from ot
Relation

to a set of M
 

MOEZ

 

 
 
In defin

two compo
improved p
relation to
material is 
between the

The us
which is a c
establishme
Which form

rcing componen
fibres, entering 

a material with 
ature of the obje
s deformability m
s a filler, provi
xpensive than th
nts of a subset 
used as reinforc
ature – matrix an

,1p,wp

rial property, 

n of a set Ni .
fulfils the funct

nance of the enti
r load on reinfor
ion reinforcing c
ther negative inf
n of belonging s

MOE are shown 

MMOEM

 

Fig.

ning the compo
onents with diffe
properties and 

o the compone
externally mon

e components. 
e of such, the 
combination (su
ent, a new comp
m represents the 

nts, the MOEZ, 
the matrix mate
high yield or st
ct, 
matrix material, 
ded that the m

he reinforcement 
of MOE, and

cement in fibrou
nd marked with t

,, Npp

ions of: 
ire system in a co
cing component
components aga

fluences of surro
subsets MOE ma
in Figure 1 and 

MOE , wherein

 1. Sets of MOE

osite as: materia
erent properties 
(or) a new (ad
nts used separ
olithic, with cle

definition lets 
um) of simple fea
plex feature, nam
relationship (5) 

can take the f
erial in order to:
trength at the op

matrix material i
material. 

d a set of engi
us composite, c
the symbol: 

,N  

ompact form, 
ts, 
ainst direct dama
unding environm
atrix and reinfor
using relations (

n 

 
E 

al formed from 
in such a way t
ditional) proper
rately. The com
early visible bou

specify a new 
ature such as M
med composite
COE:  

form of 

perating 

s much 

ineering 
c called 

(3) 

age and 
ment. 
rcement 
(4). 

(4) 

at least 
that has 
rties, in 
mposite 
undaries 

feature, 
OE and 
feature. 

1.	�Introduction

2.	�Defining of features

http://www.journalamme.org
http://www.journalamme.org
http://www.readingdirect.org
http://www.readingdirect.org


Research paper32

Journal of Achievements in Materials and Manufacturing Engineering

A. Baier, M. Majzner

Volume 45 Issue 1 March 2011

COE
F

infor
the fo
value
COE
wher
name
value
Param
 T

r
 M
 M

c
 R
 V

r
 T

 

Z
jji MOEE ,

Feature COE i
rmation on the c
following conditi
e of a parameteri

,, nameE ji

re : 
e – the name or s
e – the value ass
meters defining 
Type – the typ
random short fibr
Material Matrix –
Matrix volume f
composite, 
Reinforcement m
Volume fraction
reinforcement in 
The final thickne

M
iMOE , 

is called as a
configuration of
ions that must b
ized object (6).

,,value  

symbol paramete
umed by name.
the variables CO

pe of composite
re, woven), 
– part of a set of
fraction – the to

material – part of
n of reinforcem
the composite,

ess – the thickne

a set of eleme
f the composite

be entered as the

er, 

OE: 
e (unidirectiona

f MOEM, 
otal volume of 

f a set of MOEZ,
ment – the tota

ss of a single CO

(5) 

ents, carrying 
. Highlighting 
name and the 

(6) 

al, particulate, 

the matrix in 

 
al volume of 

OE. 

Fig. 2. Com

The mo
addition to
parameters:
 warp –

materia
 weft –

thread,
 balance

weft, 
 angle –

weft. 
Single 

structural 
circuits use
stage confi
geometric f
extent beco
the constr
identificatio
Generalized

 

mposite model 

ost complicated 
o the previousl
: 

– element of th
al, 

element of the

e factor – determ

– the angle dete

COE has aniso
engineering is

ed in order to re
igures the appro
form. The result
omes isotropic. 
ruction of the
on of strains 
d form the layere

COE, is a type o
ly mentioned p

he set of MOE

 set of MOE, s

mine the volume

rmine the arran

otropic propertie
 undesirable. 
educe this phen
opriate arrangem
is a structural m

The complexity
e composites 

and stresses 
ed composite is 

of woven compo
parameters, it h

E, specifying th

specifying the m

e ratio of the w

ngement of warp

es, this phenome
Therefore, mu

omenon. At the
ment of the lay
material, which t
y and great dive

greatly hampe
at the design 
shown in Fig. 2.

osite. In 
has the 

he warp 

material 

arp and 

p to the 

enon in 
ultilayer 
e design 
ers and 
to some 
ersity in 
ers the 

stage. 
. 

 

 
 

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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