
Numerical Modelling of Multilayer Woven Para-aramid Fabrics

Bioengineering and Aerospace Engineering Department, University Carlos III of Madrid, Spain
Continuum Mechanics and Structural Analysis Department, University Carlos III of Madrid, Spain

Mechanical Engineering Department, University Carlos III of Madrid, Spain

E-mail : mmmoure@ing.uc3m.es Web: http://www.uc3m.es

INTERNATIONAL CAE CONFERENCE | EVOLVING ENGINEERING SIMULATION: THE AGE OF THE DIGITAL TWIN, October 8th - 9th 2018 – Vicenza, Italy

ABSTRACT
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4. NUMERICAL MODEL DESCRIPTION (Abaqus/Explicit commercial code)

5. MESH SENSIBILITY

6. VALIDATION: Through ballistic impact tests (Ballistic Limit and Damaged Area)
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7. RESULTS

CONCLUSIONS

2. OBJECTIVE

Fabric - Yarn
orientation (mm) (mm)

λ
(mm)

1.1420 0.1753 1.1520 0.0647 0.1650 0.0610 5.22
0.8985 0.1825 0.9545 0.0549 0.1510 0.0400 9.81
1.0950 0.1753 1.1650 0.0687 0.1760 0.0773 6.43
0.9050 0.1825 0.9305 0.0527 0.1830 0.0473 10.30

A-Fill 158.612 ± 14.249 101.740 ± 2.596 2.451 ± 0.220 0.029 ± 0.001
B-Fill 140.036 ± 9.237 103.205 ± 1.669 2.549 ± 0.168 0.029 ± 0.001

A-Warp 166.065 ± 4.334 99.898 ± 1.868 2.416 ± 0.063 0.029 ± 0.002
B-Warp 132.984 ± 0.092 106.126 ± 3.119 2.523 ± 0.002 0.029 ± 0.001 Fabric - Yarn

orientation
A-Fill 1.23 7.85 5.64 0.63 0.54 1.17
B-Fill 0.22 1.81 0.91 0.34 0.31 1.10

A-Warp 0.90 11.73 8.54 0.62 0.53 1.17
B- Warp 0.18 1.94 0.82 0.34 0.30 1.13

6.34 %
11.25 %

Fabric
Experimental

A
110 2.31

Numerical 110 2.05
Error (%) 0.00 11.25

Experimental
B

162 2.05
Numerical 158 1.92
Error (%) 2.47 6.34

3.2. Yarn uniaxial tensile tests

Aramid Kevlar®K129

3.1. Geometrical Characterization of the Material

Yarn uniaxial tensile tests

3.3. Yarn pull-out tests

INSTRON 8516 universal testing machine 
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Plain woven fabric: Mesoscopic 3D deformable
body (Fill and warp yarns/ 100x100 mm2)
Projectile: 3D Rigid Body
Materials: Aramid Fabrics (orthotropic behavior)

Tempered Steel for projectile
Quarter Symmetry
General Contact interaction using static-kinetic
exponential decay contact law:

Element types: 299025 C3D6R and C3D8R nodes
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4 Elements 6 Elements 8 Elements 10 Elements

Fabric A

Mesh selected

Recht and Ipson [4]
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Mechanical properties in both orientations for fabrics A and B

The model is capable of accurately reproducing the impact-velocity curves and the 
damaged area obtained experimentally
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