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ABSTRACT

Purpose: A parametric characterization of a mesomechanic kinematic caused by ondulation 
in fabric reinforced composites is investigated by numerical investigations.

Design/methodology/approach: Due to the definition of plain representative sequences 
of balanced plain-weave and twill-weave 2/2 fabric reinforced single layers based on sines 
the variable geometric parameters are the amplitude and the length of the ondulation.

Findings: The mesomechanic kinematic can be observed in the FE analyses for both kinds 
of fabric constructions.

Research limitations/implications: The FE analyses consider elasticity and contraction 
due to Poisson effects, respectively, of the model under selected longitudinal strains.

Practical implications: The results are evaluated at relevant positions on the centre-line 
of the ondulated warp-yarn of the plain representative model. A direct and linear coupling in 
case of the transversal kinematic behaviour, and thereby a corresponding definite reduction 
of the evaluated longitudinal strains in terms of the difference of the applied and determined 
longitudinal strains is identified.

Originality/value: Both characteristic purely kinematic reactions due to geometric 
constraints directly depend on the introduced degree of ondulation. This non-dimensional 
parameter relates amplitude and length of one complete ondulation, and thus represents the 
intensity of the ondulation of the respective fabric construction.
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1.   Introduction

2.  Research environment

2.1.  Literature review

2.2.  Pursued mechanical principle



22

M. Romano, I. Ehrlich, N. Gebbeken

Archives of Materials Science and Engineering RESEARCH PAPER

E E

E E
E

EEE

EEE

EE

EE

L
L

 

 

Õ

L

x
Ay

Õ

L

x
Ay

AH

L

L

A

L

A

L

A
O

A L L

3. Mesomechanic approach

3.1.  Degree of ondulation
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3.2.  Comparison of the structural mechanical 
motivations
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4.  Numerical investigations by finite 

element analyses (FEA)

4.1.  FE model of plain representative sequences

4.2.  FE settings: meshing, element types and 
contact definition
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4.3.  Boundary conditions and application 
of selected deformations

4.4.  Structural mechanic material properties 
of the single components

4.5.  Homogenized structural mechanic material 
properties
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5.1.  Aspects of the evaluation of the results

4.6.  Assignment of the structural mechanic 
material properties

5.2.  Positions of evaluation

5.  Results
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5.3.  Transversal kinematic part

5.4.  Difference of applied and evaluated 
longitudinal deformation

5.6.  Results of the FE calculations

5.5.  Details of the sensitivity on the 
mesomechanic kinematic
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6.1.  Limits of the model

6.2.  Influence of the position of the single layer

6.  Discussion
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7.  Summary and outlook

7.1.  Summary

7.2.  Outlook
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