
Simulation and CT Technology in 

Textile LightWeight Design

DYNAmore Infomationstag ĂENVYO und Composite Berechnungñ, 12.03.2018, Stuttgart

Hermann Finckh, A. Dinkelmann, F. Fritz,  Prof. G.T. Gresser

Deutsche Institute für Textil und Faserforschung Denkendorf 



1 Introduction

2 Process Simulation ĂBraidingñ:generic parts 

3 Use of high resolution X-ray technology (µCT at DITF) 

4 New Possibilities of µCT getting the textile model out of 3D-CT-model 

5 New Possibilities of µCT using developed insitu-CT-load-testing-machine
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1. Motivation for process simulation
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General:

ü Systematic analysis of boundary conditions and material properties.

ü Variation of only one parameter possible, all other stay same: clear

statements. 

ü Deep unterstanding of process.

ü Optimization of reinforcement fabrics due to application requirements and

more functionalibility (e.g. higher drapeability).

ü Reduction of development time. 

ü Virtual product can be prooved for ability before it is produced.

ü Ability to simulate mechanical properties of FRP more precise.

1. Motivation for process simulation
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1. Models of reinforcement fabrics with simple structure by:

ü CAD-functions in FE-Programmen / special software

2.  Models of compex structure and mutilfilament threads:

ü By process simulations

ü On base of high resolution CT-scans and high modeling effort (new possibilities now available)

ü Getting precise simulation models refering structure, fibre orientation and fibre density for computation of FRP

1. Motivation for process simulation
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Braiding simulation using LS-Dyna

Á bobbins: 64 

ÁUniaxial threads: 32

ÁDiameter: 1646 mm 

Á Part length: 120 mm

Á Threads modeled by beams

Triaxial-braid, detail Simulation model at start

120mm

Ămicro/meso

modelingñ

Curved part

2. Process Simulation Braiding
Braiding a part with changing geometrie
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Extraction of fiber orientations

Result of braiding

simulation

FE- homogenization model considering

local fiber orientations

Extraction und mapping of fiber orientation

2. Process Simulation Braiding

Mapping of fibre orientations e.g. using ENVYO 
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S-curved braiding
part with triangle
cross-section

ü Using seatbelt elements computation time > 3 days ü Using new Beam-Source-elements computation time < 1 day

(12 Intel XEON cores with 2,7GHz)

2. Process Simulation Braiding
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Yarn to Core ïfriction   µ = 0,05

Yarn to Yarn ïfriction    µ = 0,05

2. Process Simulation Braiding

Á Comparison of two extreme sets of friction

S-curved braiding part with triangle cross-section
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Yarn to Core ïfriction  µ = 0,35

Yarn to Yarn  ïfriction  µ = 0,35

Á Comparison of two extreme sets of friction

S-curved braiding part with triangle cross-section

2. Process Simulation Braiding
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Green braid:   
Yarn to Core - friction µ = 0,35

Yarn to Yarn ïfriction µ = 0,50

Red braid:   
Yarn to Core - friction µ = 0,05

Yarn to Yarn ïfriction µ = 0,05

Curvedarea

cross-section

2. Process Simulation Braiding

Á Comparison of two extreme sets of friction

S-curved braiding part with triangle cross-section
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2. Process Simulation Braiding

S-curved braiding part with triangle cross-section

Friction

coefficient

Yarn to Core 

Friction

coefficient

Yarn to Yarn

Á Comparison of two extreme sets of friction
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2. Process Simulation Braiding

S-curved braiding part with triangle cross-section

Á First braiding simulation using multifilament yarn models

ü yarn to yarn friction seems to have small influence. 

ü reason could be monofilament modeling, developments refering suitable multifilament models are ongoing.
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2. Process Simulation Braiding

First braiding simulation using multifilament yarn modelsÁ First braiding simulation for complex generic demonstration part 

Á Model will be extended to 3 layers carbon rovings as in reality using multifilament model 
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3. Use of high resolution X-ray CT technology  

ü using new developed insitu-loading test stand by ZIM project (Kammrath&Weiss/DITF)

ü Extracting threads out of 3D µCT scan using Avizo (Thermo Fisher Scientific) 

µ-Computertomograph 

nanotom m 

Phönix | X-Ray

GE Sensing & Inspection

Technologies GmbH

New possibilities 

to analyse µCT-

3D scans:

Á 180kV/15W nanofocus-Röntgenröhre  with tube cooling

Á Temperaure stable digital detector: 

ü DXR-Flächendetector with 3072 x 2400 Pixel, Pixel: 100 ɛm

ü Minimum Voxel: 300 nm

ü 14bit Detektordynamic (214 =16384 grey values)

Á Sample dimension: 250 mm x 240 mm

Á Using two proffessional CT-analysis software: 

ü VGStudioMax (Volume Graphics GmbH) 

ü AVIZO (Thermo Fisher Scientific)

Perfect suitable to textile- und plastic based materials
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3. Use of high resolution X-ray CT technology

GE Ănanofocusñ tube ready to scan 

Quelle

Objekt

Detektor

Á Sample rotates 360°

Á to 4500 2D-scans (each up 19MB) are taken.

Á 2D-pictures are used to compute a 3D-CT-model
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3. Use of high resolution X-ray CT technology
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Á magnification and blurring
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IFB Stuttgart

Á Verification by high resolution CT-scan 

CT-scan of produced part

(resolution with 40 µm) Real braiding and FEM process simulation

IF
B

 S
tu

ttg
a
rt

S-shaped triangle 

braiding mandrel

made by 3D-printing

cross-section

3. Use of high resolution X-ray CT technology 

red ROI shows 

analyzed area 

Polyamid
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Result of the fiber orientation analysis to 3D-CT model using VGStudio Max (Volume Graphics)

üDirect comparision of braiding 

angles at various ñhot spotsò

üExporting fibre orientation tensor, 

importing and visualization of 

extracted orientations in FE-

software LS-PrePost containing 

simulation model 

ÁVerification of simulation by comparison between reality and simulation results:

3. Use of high resolution X-ray CT technology 
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surface ñsharpò defined surface ñwell balancedò defined

ÁComputing of permeability as 

important material data for  

infiltration simulation

Result of the surface 

determination: 

ñsharpò and ñwell balancedò 

Example S-curved 

triangle braid

3. Use of high resolution X-ray CT technology 
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Bottom view

Top view

In-plane flow:

distinct flow in 

gaps between 

braid and mold 

In-plane flow:

reduced flow as 

vacuum foil fits to 

the fabric 

considered by ROI 
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represents vacuum foil

mandrel (here mould)

Top view Bottom view 

Á Computing of permeability 

3. Use of high resolution X-ray CT technology 

Blue lines define region 

of interest (ROI):
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