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More info…

I. Verpoest, S. Lomov, KUL
« Composite Preforming techniques », 
Comprehensive Composite Materials, Elsevier 2000

O. Rozant et al., Drapability of Dry Textile Fabrics for Stampable Thermoplastic 
Preforms, Composites Part A
G. Nemoz, « Textures textiles tridimensionnelles », 
Techniques de l’ingénieur, traité plastiques et composites

https://www.mtm.kuleuven.be/onderzoek/scalint/Composites/software/wisetex
https://www.esi-group.com/products/composites
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Introduction

Unidirectional
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Textile composites
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Classification of textile structures

Textile preforms

2D preforms

Combination

Biaxial weawing
Triaxial weaving

Warp knititng
Weft knitting

Flat braiding
Circular braiding

Mechanical process
Chemical process

Knitting + weaving
Knitting + nonwoven

Nonwoven

Knit

Braid

Woven

3D preforms

Combination

Biaxial weawing
Triaxial weaving
Multiaxial weaving

Warp knititng
Weft knitting

2 step braiding
4 step braiding
Solid braiding

Lock stitching
Chain stitching

Knitting + weaving
Knitting + stitching

Stitched

Knit

Braid

Woven

N.B.: weaving: tissage
knitting: tricotage
braiding: tressage

Woven fabrics are produced by
waeving continuous fibres, while
knitted fabrics have a structure formed
by an intermeshing of yarn loops.
Braids are optained by interlacing
three or more treads in such a way that
they cross one another and are laid
together in a diagonal formation.
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Woven structures

2/3 twill

8 Harness satin

2/2 twill

8 Harness satin

Plain weave

4 Harness satin

1mm

N.B.: warp: chaîne
weft: trame
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Plain weave (« taffetas » or « toile »)
Each weft wire passes alternately over and under each warp wire and
each warp wire passes alternately over and under each weft wire.
This fabric is symmetrical, with maximum stability and firmness with
minimum yarn slippage. It has good strength in the 2 yarn directions
but it is most difficult to drape, and the high level of crimp provides
lower mechanical properties compared with the other weave styles. It
is usually left moderately open so that the resin penetration is fair to
good.

Twill weave (« sergé »)
Each weft wire alternately passes over 2, then under 2 successive warp
wires and each warp wire passes alternately over two and under two
successive weft wires, in a staggered arrangement.
Superior wet out and drape is seen in the twill weave over the plain
weave with only a small reduction in stability.

Woven structures

Satin weave (« satin »)
Satin weaves are fundamentally twill weaves modified to produce fewer intersections of warp and weft. The harness number used in the
designation (4, 5, 8, 12) is the total number of fibres crossed and passed under, before the fibre repeats the pattern.
Satin weaves are flat, have a good wet out and a high degree of drape. Satin weaves are favored as planar woven fabric reinforcement for
composites due to their long floats and less crimp. The low crimp gives good mechanical properties. This loos weave structure is also
easily penetrated by resin matrices. This weave has good conformability but is not suitable for applications requiring a high level of
preform dimensional stability. Moreover the asymmetry of the weave needs to be considered.
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3D fabrics

3TEX Inc.

Examples of 3D woven fabric structures:Comparison of conventional 2D weaving and 3Dweaving:

Unavoidable crimp in at least one 
yarn

Thicker fabrics
Less fiber damage
Lower crimp
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Knitted structures
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Plain weft knitted structure Wale
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Warp knitted structure Wale
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Various knits
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Knitted preforms
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Classification of knits

Weft-knitted 
fabrics

Double needle bed
(Planar-3D fabrics)

Single needle bed
(Planar fabrics)

Plain

1 Weft lock knit (float stitch)
2 Accordian (single jersey)
3 Hopsack (inlaid plain)
4 Fleecy rib (plated plain)
5 Lace stitch
6 Half point transfer stitch
7 Eyelet (pereline)
8 Deflected stitch
9 Sinker wheel fishnet (expanded loops)
10 Float plated fishnet
11 Coil stitch
12 Intrasia
13 Binding off
14 Plush

Rib

1 Double jersey (1/1 rib)
2 Swiss rib (2/2 rib)
3 Derby rib (6/3 rib)
4 Interlock (double 1/1 rib)
5 Tuck-float-rib
6 Inlaid rib
7 Rib transfer
8 Eyelet (Pereline)
9 Jacquard (with selected backing)
10 Roll welt (English welt)
11 Ripple fabric
12 French or tubular welt
13 Rib plating
14 Racked Rib
15 Royal rib (half cardigan)
16 Polka rib (full cardigan)
17 Binding off
18 Sinker loop transfer
19 Reverse loop plating

Purl 
(Pearl)

1 Purl plating

Warp-knitted 
fabrics

Single needle bed
(Planar fabrics)

Double needle bed
(Planar-3D fabrics)

N° of guide
bars = 1

1 Single dembigh (1x1 tricot)
2 Single vandyke (single atlas)
3 Single cord (plain cord)
4 English leather
5 Double fabric (double needle fabric)
6 Shell fabric

N° of guide
bars = 2

1 Double dembigh (plain tricot)
2 Double vandyke
3 Double cord
4 Half tricot
5 Satin
6 Sharkskin
7 Queen’s cord
8 Idle swing
9 Pile
10 Milanese
11 Net
12 Tulle
13 Mesh

N° of guide
bars   3

1 Tuck
2 Fleecy (Lined warp knit)
3 Jacquard
4 Inlaid stitch
5 Inlaid net
6 Jacquard lace

N° of guide
bars = 2

1 Double tricot
2 Double milanese

N° of guide
bars   3

1 Plush
2 Jacquard pattern stitch
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3D knits



pierre-etienne.bourban@epfl.ch 14

Comparison of 3D structures
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Braids

flat tubular triaxial
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Deformation during processing
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Tensile properties

Dry Woven and Knits Knits tested at different temperatures
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Tensile properties

B. Gommers, I. Verpoest and P. Houtte: « Analysis of knitted fabric reinforced 
composites: Part II. Stiffness and strength », Composites Part A: Applied Science 
and Manufacturing, 29, 12, 1998, pp 1589-1601 
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Deformation mechanisms of weaves

Stretching

F F
F

F

Uncrimping

F

F

Shear slip

F

F
ShearBuckling

FF
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Deformation singularities
Initial state

initial

Warp

Weft

F

tensile

 initial

During shearing

Locking angle

Locking

Further shearing

Wrinkling

Deformation beyond 
locking angle
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 formability

 stretchability

 forming energy

Load cell
UTS crosshead

Load cell
UTS crosshead
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Woven fabrics
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 Knitted fabric = low forming energy + no wrinkling

Wrinkling
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Thèse EPFL, O. Rozant, 

From textile structures to complex geometries
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Draping in Composites Design
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• Composites CAE
» Modular software for a hierarchical design approach

Design Tool 
Module

Manage Component Design Process Design

Costing Materials CAD Lay-up FE Analysis Forming Distortions Moulding

Concept 

(Qualitative)

for materials 
& process 
selection

selection concept Zones / CLT preliminary formability acceptability practicality

Detailed

(Quantitative)
for process 
optimisation

modelling & 
character’n

details optimisation

detailed static 
linear 

dynamic 
nonlinear 

fibre / fabric 
topology

assembly 
forces 

residual 
stress

tooling design 

Manufacture
for process 

control
specification specification Specification check

human & 
machine 

instruction

check & 
certification

tooling control

Draping in Composites Design – Where?

Kinematic Drape
(Geometry Based)

Detailed Analysis 
(FE Based)

S. Hancock
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Lay-up Characterisation
• “The same shape can be formed in many ways”

S. Hancock
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Draping and thermoforming simulation

https://www.esi-group.com/products/composites
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Composites Design Software
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Modeling fabric properties : Wisetex
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Coding of fibre architectures
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Deformation
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Predicted and measured properties
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Current development
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Beyond mechanical properties

https://www.mtm.kuleuven.be/onderzoek/scalint/Composites/software/wisetex
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Permeability
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Comparisons

Short fibres Mats
Knits

Weaves

Braids

UD

Laminates

+- Stifness, Strength

+ -Toughness

+ -Drapability

+- cost
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Comparisons of composite textile structures
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Effect of stitching on damage tolerance
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Toughness
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