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1.4 Advances in braiding production

General characterization of braiding

Braiding is a textile process based on the intertwining of at least
one set of yarns in bias directions. The intertwining positions the
two sets of yarns at an angle between 10° and 80°.

Diamond Braid Regular Braid Hercules Braid
"} s6$ The ratio with which the yarns are
V9 4 ' intertwined defines the structure of
‘,’ // the braided fabrics: 1x1 (diamond),
‘ ‘ ‘ 2x2 (regular) and 3x3 (Hercules).
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1.4 Advances in braiding production

Structural braid notations
The “English” system consists of a few specified names for the popular
structures - regular, basked and diamond. One more clear system
from the engineering point of view describes structures in a form
following “one over and under one,” “one over and under two,” etc.

/\/\ 1:1-1

/\/\ The “German” system is based on two numbers - the first describing

é\/\ the intersection type and the second the number of yarns per group.
— The system defines the floating length (Flechtigkeit) which describe

how many yarns build the braid.

Y ANZ2N The pattern notation rule is:
NN

X:X-Y
§ Over X groups: Under X groups - As a group of Y yarns
N\
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1.4 Advances in braiding production

Applications of braided structures

* clothing (outwear and lingerie); shoelaces;

e candle wicks;

* sleeves, cords, harnesses and ropes used for fishing and
seafaring, offshore drilling, aeronautic industry and automotive;

* protection for electric cables;

* sport and leisure;

e composite reinforcement;

* medical textiles - scaffolds (tissue engineering), hard implants
and non-implantable applications, such as elastic/nonelastic
bandages, compression garments or orthopaedic devices.
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Carriers - discontinuous  Continuous motion of the carriers

hom gears - continuous and horn gears

Discontinuous motion of the carriers

and hom gears

Motion
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1.4 Advances in braiding production

Machinery classification according to the type of the carrier position occupation

and the tracks of the carriers

Fixed Tracks
(in form of arcs)

Partial occupation
of the carrier positions

Maypole
braiders

The carriers are transferred
from horn gear to hom gear

Variable Track
(in form of arcs)

Soutache
Single Track
(Flat braiding) Flat

Radial
Two Tracks
(Tubular and Tubular
Radial) (Rapid)
Multiple Tracks Wardwellian
(Form braiding)

Switch between more tracks
(buttonhole braids,

Vario braider and core-mantel braider
from Fa. A.Herzog)

Spiral braiders

Dynamically changing (Track) **
(A. Herzog and ITA-RWTH Aachen)

Variable Track

Orthogonal braiding consisting of lines

Pillow Lace
Braiding

Full occupation

of the carrier positions
The carriers are moved
from one place to another

Variable Track

Bobbinet Machines (net tulle)

Profile braiding machines
(4 step orthogonal braiding)

Single carrier occupation
not rotatable carrier plates
(classical pillow laces)

One line of hom gears
(horn gears with two slots)

Single carrier occupation

Rectangular set of not rotatable carrier plates

hom gears |
(horn gears with two or Double carrier occupation
four slots) rotatable carrier plates

)

Carrier occupation Common name  Track

* Rapid or Wardwellian braiding do not use carrier transfer and hom gears.

** The machines with the dynamically changing track now (Year 2013) are still working on two steps
(carrier motion, swich motion), but in case the electromechanical devices are able to switch fast enough,

these machines will belong to the type of machines with continuous carrier
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1.4 Advances in braiding production

1. 2D braiding

2D braiding is the most common
braiding process, in industrial and
commercial terms. It includes
different braiding principles,
referring mainly to the way the
horn gears are placed and carriers
moved and the way the yarns
interlace: maypole braiding,
spiral braiding, lace braiding,
bobbinet braiding.
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Braids from maypole machines
Normal or biaxial
(only braid yams)
Flat

Braids with
constant cross-section Tubular

Form

Vanable cross-section Form (3D Braids)

Triaxial (with inlay yarns)

Normal or biaxial
{(only braid yarns)

Triaxial (with inlay yamns)

Quatro-axial (Machine, developed in
the Lab of Prof. Goswami)

Normal or biaxial
{only braid yarns)

Triaxial (with middle ends)

Normal or biaxial
(only braid yamns)

Triaxial (with middle ends)
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With core, const. cross-section

With core, with variable,
axial symmetric cross-section
(overbraiding)

With core, with variable non-symmetrical
section (overbraiding)




1.4 Advances in braiding production

Take-off
and additional devices
(finishing, forming)

Braiding zone/point

L—

Configuration for tubular braiding Configuration for flat braiding

Carriers:
yarn transport and
compensation

Carrier motion system:
carrier feet

horn gears

track plate

driving parts (gears)

Motor drive

Basic principle of maypole braiding
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1.4 Advances in braiding production

ez A e

L X4 (T &
&/ & A A

position of the natural braiding point
determines the braiding angle

position of the natural braiding point
depends on the take-off speed
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Triaxial 2D braids
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o yarn

+ bias yorn

Braiding

Biaxial
guide eyelet braiding ring  biaxial braid
t regular braid i reinforcement textile g

/ tlriaxial braid
1 S
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1.4 Advances in braiding production

1.2. Overbraiding is achieved by
using a shaped mandrel, placed on the
braiding axis throughout the braiding
process. The braided structure covers
the mandrel in several layers, resulting
in a preform that is generally used for
composite reinforcement.

Certain machines have the mandrel
positioned by a robotic arm, that can control
its angle in relation to the braiding axis.
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1.4 Advances in braiding production

The main problem for overbraiding is to digitalize the braiding process, creating
tools that will allow the programming of the braiding machine according to the
geometry of the mandrel used, so that the resulting preform will have specific
characteristics and will correspond to quality standards.

— — National Aerospace Laboratory
\ t NLR in the Netherlands, in
Geometry of the mandrel
—s————a—- Dashboard —

= 9 collaboration with Eurocarbon
\ BV and University of Twente

Model of overbraided product
w developed an overbraiding
Overbraiding machine parameters \> overbraiding /__,’ preprOd uction Su pport t00|

preparation Video animation of overbraiding process

7) — st a— destined to replace the labour

intensive, trial-and-error
Design parameters Overbraiding machine “program” p rototypi ng p rocess_

Simulation control parameters

e

24/03/2022

* Erasmus+ Programme  production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors,

o, Co-funded by the WINTEX project is co-funded by the Erasmus+ programme of the European Union. The European Commission support for the W
of the European Union  and the Commission cannot be held responsible for any use which may be made of the information contained therein.

WINTEX



1.4 Advances in braiding production

1.2. Lace braiding is a process similar to maypole
braiding (circular or flat) where each horn gear is
controlled individually, so that its movement direction
can be reversed after each cycle to create independent
strands.

TEF Braids (USA) develops complex
lace braids based on proprietary
technologies for Jacquard lace
braiding. The tension distributive
fabric structures are based on
several patents: XhelX, IP (US
20140377488 Al) and ALX that
allow extremely diverse structural
possibilities.
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1.4 Advances in braiding production

2. 3D braiding

3D braiding is characterised by the diversity of shapes, cross-sections and their
through-thickness controlled mechanical behaviour based on yarn geometry.

(Rectangular
set-up

step, 6-step

2-step, 4-

Cartesian .
braiding

(Circular set-
3D .

braiding ( Solid

braiding

3D rotary
braiding

( Hexagonal
braiding

<
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1.4 Advances in braiding production

3D shapes can be obtain through 2D
braiding, the resulting tubular braids
being altered to correspond to 3D shapes

i eorm.ng}ﬁ\

(b) Collapsed braid region Core materials Hollow area

/

-

Schematical view of two-dimensional
] (2D) triaxial-braided tube before and
after deformation making a sectional
structural shape
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1.4 Advances in braiding production

Three-dimensional braiding

Classification of 3D

3D Braid 3D axial braid Multiaxis 3D braid
Number of -
yarn sets Cartesian Polar Cartesian Polar Cartesian Polar b ra IdS
lor2 Square Tubular Rectangular Tubular
e Through-the-thick- e Through-the-thick- e Through-the-thick-
ness (Out-of-plane ness (Out-of-plane ness (Out-of-plane
at an angle) at an angle) at an angle)
e | x | pattern
Rectangular 2 x | pattern
e Through-the-thick- 3 x | pattern
ness (Out-of-plane 4 x | pattern
at an angle)
e | x| pattern
2 x | pattern
3 x | pattern
4 x | pattern
3 Triaxial fabric Triaxial fabric
e Braid yarn in e Braid yarn in
surface (In-plane) surface (In-plane)
Rectangular Tubular Rectangular Tubular

e Through-the-thick-
ness (Out-of-plane

at an angle)
e | x Ipattern
2 x | pattern
3 x | pattern
4 x | pattern
4
S5oré
" Co-funded by the
24/03/2022 Erasmus+ Programme
el of the European Union

e Through-the-thick-
ness (Out-of-plane

at an angle)
e | x | pattern

2 x | pattern

3 x | pattern

4 x | pattern

e Through-the-thick-
ness (Out-of-plane
at an angle)

Rectangular

e Through-the-thick-
ness (Out-of-plane
at an angle)

Rectangular

e Through-the-thick-
ness (Out-of-plane
at an angle)
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e Through-the-thick-
ness (Out-of-plane
at an angle)

Tubular

e Through-the-thick-
ness (Out-of-plane
at an angle)

Tubular

e Through- the-
thickness (Out-of-
plane at an angle)
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1.4 Advances in braiding production

2.1. Cartesian 3D braiding v ®
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braiding) carriers are moved in groups, by 1
tracks, respectively columns. In the 4-step
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1.4 Advances in braiding production

6-step braiding process
was developed based on
the 4-step one to increase
the fabric strength on all

AY o
,é< ,f\;\‘ v X three directions by
N I introducing yarns parallel
| .

,Ag g - v to the axis (warp yarns,
(a) (b) (d) filling yarns and Z-axis

Geometry of reinforced cartesian braided structures - a) yarns).

3D 4d (only braiders), b) 3D5d (+warp yarns), ¢) 3D6d

(+warp and filling yarns) and d) 3D7d (+warp yarns, filling

yarns and Z-axis yarns)
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1.4 Advances in braiding production

6-step braiding process
was developed based on
the 4-step one to increase
the fabric strength on all

AY o
,é< ,f\;\‘ v X three directions by
N I introducing yarns parallel
| .

,Ag g - v to the axis (warp yarns,
(a) (b) (d) filling yarns and Z-axis

Geometry of reinforced cartesian braided structures - a) yarns).

3D 4d (only braiders), b) 3D5d (+warp yarns), ¢) 3D6d

(+warp and filling yarns) and d) 3D7d (+warp yarns, filling

yarns and Z-axis yarns)
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1.4 Advances in braiding production

2.2. 3D rotary braiding

3D rotary braiding process is an adaptation of maypole and lace
braiding with a different arrangement of horn gears (rectangular) and,
most important, modified mechanism for track-switching of the carriers

between horn gears so that the path of the carrier is controlled

independently. Bobbin Switching
: Device

2-dimensional 3-dimensional 3-dimensional rotary
circular braiding rotary braiding braiding with switching
device
(@) (b) ©
* Co-funded by the WINTEX project is co-funded by the Erasmus+ programme of the European Union. The European Commission support for the
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1.4 Advances in braiding production

a) Solid (form) braiding

Adapted maypole machines can be used to produce solid braids with square cross-section,
known as gasket / 2.5D / packing / form braids. The carriers have a square arrangement

according to the number of tracks to be formed by the braiders: 2-track system (2D braids,
where D stands for diagonal); 3-track system (3D braids) and 4-track system (4D braids).

Graphite packing is a highly resistant sealant used in systems with
valves, faucets, and stuffing boxes, as well as other machines with
watertight mechanical parts. It can be applied either to static valve
stems or to moving joints. Graphite packing offers high chemical
resistance, great lubricity, and excellent thermal conductivity.

PTFE fluocarbon filament tape.

Use - Glass and glass-lined pipe flanges, Glass and glass-lined pipe vessels, Stainless steel reactors,
Ceramic-lined tanks and vessels. Recommended for the most severe services. All oxidizers and
corrosives with one exception: molten alkali metals. Temperature up to 260°C; pH range O - 14.

. } Erasmus+ Programme production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors,
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1.4 Advances in braiding production

Tracks of the
/ carriers
-’ N ~
L n ¢ .
U nlay yarns ’ .
";r”’( :
| - — , [ I
i = —_————.° Optional .’ ~ i
o e .~ inlay yarn Lo \’"- \
L B E— - . .
S D e - & ! !
e iﬂ - . "‘,7 = (i R ey 1 N
== i A TR | I '
[l \} ) | I “ "\_/
| ‘ N f
hi i

LN [ I
".:mﬁ el B o

] Two-track braiding of square braids

The packing braiding machine (Herzog) can be
adapted for 2, 3 or 4-track. It presents sleeve type
carriers, according to the pitch size for bobbin sizes
of 72 x 285 mm up to 135 x 300 mm.
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Three-track braiding of square braids
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Four-track braiding of square braids
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1.4 Advances in braiding production

(a) (b)

(a) Programming of bobbin configuration; (b) 3D braided
textile preform in a T-profile-like geometry.
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1.4 Advances in braiding production

b) Hexagonal braiding

Hexagonal 3D braiding is based on a different approach to horn gear 3D braiding by
arranging the horn gears in a hexagonal shape. This position ensures the carriers
are displaced with smaller increments, as they are closely to each other, thus

changing the angle between braided yarns.

Horn-gear

Switch

Bobbin Carrier Switching Device “ ’ ‘
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1.4 Advances in braiding production

Diamond Triangle Line Star

=
0

Gess

3D-braiding patterns: Double -

Simulations of possible hexagonal braided tubular (left) and Y-beam (right).

structures and shapes

*Ex Co-funded by the WINTEX project is co-funded by the Erasmus+ programme of the European Union. The European Commission support for the
* Erasmus+ Programme  production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors,

of the European Union  and the Commission cannot be held responsible for any use which may be made of the information contained therein.

24/03/2022

WINTEX



1.4 Advances in braiding production

Applications of hexagonal braiding in medicine

5 mm

15 mm
o - & SIS Different 3D braided scaffold designs
manufactured on the 3D hexagonal braiding
Complex nitinol stent structures manufactured by 3D hexagonal braiding: machine: (a-c) “multilayer braid”, (d-f)
(a) bifurcation stent, stent with patient individualized cut-outs, and J-stent “three-tube braid”, (g-i) “six-tube braid”;
with a diameter of 15 mm; (b) close-up of the cut-outs created by changing (a,d,g) photographs, (b,c,e,f,h,i) micro-
the braiding pattern from a round to a flat braid. computed tomography (U-CT) scans.

https://www.mdpi.com/2673-7248/1/2/9/htm
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1.4 Advances in braiding production

Rotary braiding Herzog . |
o AR G e
>

Onli - . DU I ’ Simulation of

fabricated
process

5 parts
surveillance

Bobbin External

Sensor
Horn gear

Control for
pneumatics
and motors

9-module Herzog 3D Retrofitted rotary 3D braiding machine
rotary braiding machine at Institut fur Textiltechnik (ITA)
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1.4 Advances in braiding production
Rotary braiding 3TEX

The US company 3TEX designed a rotary braiding
machine that presented an original track-switching
mechanism where carriers are transferred between
horn gears in pairs using a rotary gripping fork
(called RGF). The horn gears are arranged in
elementary cells that are assembled to form
modules and these modules can be put together to : Eﬂwﬁ&k
create different configurations in terms of e :‘:’ g Ny
geometry and size. This composed architecture of ' i

the machine’s arrangement and the CAD system
developed to define the activation pattern of the
RGFs according to shape allow for an enhanced
production flexibility in terms of fabric geometry
and cross-section.

1§

3

4
y !
A2 e
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1.4 Advances in braiding production
3. CAD systems for modelling the braiding process

TexMind Braider is an intuitive CAD-Software for colour and structural
design of standard tubular and flat braids. The user defines the number
of the yarns, the braiding type and the dimension of the braid. It has a
e Standard version and a Multifilament version.

3.1. TexMind software
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1.4 Advances in braiding production

Texmind Braiding Machine Configurator simulates the braiding process using horn gears
with any number of slots, according to carrier placement. The software creates an
animation of the carrier motion and checks for possible collision. It also simulates the
idealized 3D structure of the braid.
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File Edit Help
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* Any number of slots

* Carrier placement e ARBOBO D@ 0%+ X “g"‘x
* Show animation of the carrier motion

* |dealized 3D structure of the braid
* Collision check

Machine Main Data  Picture = Carrier Arangements | Settings

Edit | Custom Horn Gear = Standard Tubular Machines  Standard Flat Machines = Form braids and custom mach

o Export the machine drawing as WMF (windows
image format) and SVG (Corel Draw, Web)

o Export the braid as 3D geometry or jpg

o Export the machine emulation as GIF animation
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1.4 Advances in braiding production

Braiding machine configuration for production of
solid braided structure with not full connected 10
tracks

A
SR
O

*Ex Co-funded by the WINTEX project is co-funded by the Erasmus+ programme of the European Union. The European Commission support for the
* Erasmus+ Programme  production of this publication does not constitute an endorsement of the contents which reflects the views only of the authors,

* of the European Union  and the Commission cannot be held responsible for any use which may be made of the information contained therein.

24/03/2022

WINTEX



1.4 Advances in braiding production
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3.2. Herzog software . 1. CAB Calculations - for

Computer Aided Braiding (CAB) by

braid design and machine
. . . 3 yarn length/bobbin through titer 8 machine running time/bobbin set O pe rati 0 n
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GmbH for their braiding machinery
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2. CAB Design - simulation of braid
structures, including colour patterns

3. CAB Soft - simulation of carrier paths
4. MDA - Machine data acquisition on advanced braiding machines
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1.4 Advances in braiding production

TexGen - open source
Textile structures in WiseTex software developed for
modelling the geometry of
textile structures.
(University of Nottingham)
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Braid CAM - design and manufacture
of braided composites
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The partners

Project Coordinator
UPC - Universitat Politecnica de Catalunya
Spain

CEDECS - TCBL - Consultancy for European
Development of Ecological and Social
entrepreneurship — Textile and Clothing Business
Labs

France
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CRNS - Centre de Recherche en
Numérique de Sfax
Tunisia

ATCTex - Tunisian Association for
Textile Researchers
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ISMMM - Higher Institute of
Fashion of Monastir
Tunisia

USF - University of Sfax
Tunisia

ISET - Higher Institute of
Technological Studies of Ksar Hellal
Tunisia

CIAPE - Centro ltaliano per
I'’Apprendimento Permanente
Italy

MFCPole - The Pble de Compétitivité

Monastir-El Fejja

Tunisia ® 3
UNIWA - University of West A’EI TEXTILS - Associacié Agr.upacic’)
Attica d’Empreses Innovadores Téxtils
Greece Spain
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TUIASI — Gehorghe Asachi

Tunisi University of lasi CRE.THI.DEV - Creative Thinking
unisia Romania Development
Greece
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Get in touch

FOR MORE INFORMATION:

www.wintexproject.eu ’ o @wintexprojecteu
Wintex Project @ o @W,intexProject
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https://www.facebook.com/wintexproject
http://www.wintexproject.eu/
https://www.linkedin.com/in/wintex-project-9562a31a7/
https://twitter.com/ProjectWintex
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