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* Experimental Studies
— Ballistic impact of single layer fabric

« Fabric Modeling
— Yarn level model
— Sub-yarn level model*

e Conclusions

* Including results reported in the poster #198 entitled: “Developing
Simulation Capabilities to Link Textile Manufacturing to Ballistic
Performance” by B.A. Cheeseman?*, C.F. Yen, B.R. Scott, B. LaMattina, Y.
Miao and Y. Wang
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roECOM ) Modeling Approach ._‘

e Assess current state-of-the-art modeling
capabllities and determine the most suitable
numerical analysis techniques

 Develop and implement the identified analyses
techniques

« Validate analyses techniques with high resolution
experiments. Refine modeling capabillities as
necessary to ensure the accuracy of the
simulation when compared to the experiment
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rDECOM ) Modeling of Fabrics
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RﬂH:amj abric Impact Testing:. Experimental !
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,,,,H:BM) Fabric Impact Testing: !

Experimental Configurations
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Rﬂﬁﬁﬁﬂﬁ%aet Testing: Results of Kevlar KM2 Fabric, 4

Displacement Profile, Contours
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”ﬂf‘m@ Yarn-Level Modeling Efforts

 Improved the accuracy of yarn « Obtained micrographs in order to

bundle shape and dimensions in a get more accurate measurements.
woven structure.

‘ 1.494mm ‘ %/\ .
G 1 X

0.7mm Yarn Bundles are modeled as shell

elements with various thicknesses Filaments

 Improved computational efficiency o Utilized refined mesh in region of
for shorter run times. impact; less refined elsewhere.

*Using one intg. pt. through bundle thickness to eliminate bundle bending rigidity
*High mesh density in center impact region




rpECcOM ) Yarn-Level Modeling: Simulation 4

 Deformed mesh of a
34x34 Kevlar fabric
layer computed at the
peak deflection time
of 2.3 msec
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-’mf‘:""_’_'f_...)Yarn-Level Modeling: Correlation
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* Displacement -time and velocity — time plots of Kevlar
KM2 yarn in weft (x) direction for square support and
circular support through the impact point
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-’-’ﬂfﬂff_’_'f____) Yarn-Level Modeling: Correlation

Square Fixture CircularFixture

45
=ms 0.00
e=====ms 0.60
46 ms 1.20
—ms 1.80
f/i\ s, max 2.40
> s 3.00
/ 00
I\ 0.60

[N 1
7t
33333333333333

N

Backsurface (Z) Displacement (mm)
Backsurface (Z) Displacement (mm)

Fill (X) Location (mm) Fill (X) Location (mm)

* Displacement profile of Kevlar KM2 yarn in fill
direction for square and circular frame
configurations through the impact point
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—w Computational Modeling of Ballistic Textiles:
RDECOM ))

Sub-yarn Level Representation of Fabrics, '}
Kansas State U., Youqgi Wang

‘Filament’ Yarn Weave or Braid

Digital Rod Elements

A

> >

Frictionless Pins

Represented as a series of
rod elements connected with

frictionless pl_n’s = digital Multi-Digital Chain Yarn Model . _
chain (Here, each yarn contains 32 Yarns utilized to simulate

\\ digital chains) textile manufacturing procy

Extended textile
manufacturing
simulation program to
ballistic impact




rpECOM ) Sub-yarn Fabric Modeling 4

« Textile manufacturing simulation ¢ Develop explicit formulation for
taking computing time manufacturing process

‘Digital Elements (chains)’ = Filaments = P ———— " Microscopic

ggital\chains o e — s picture

Digital Rod Elllements

19 chain
yarn model

37 chain
yarn model

52 chain
yarn model

67 chain
yarn model

LT
Frictionless Pins

Contact element

Assemble digital chains =yarn

Yarns utilized in textile manufacturing simulation | Microscopic

picture

19 chain
yarn model

Results reported out at the Army Science Conference,

Fiber Society Meeting and jwa Joprnalpapers. oo




Bnﬂm@ Sub-yarn Level Modeling:
Displacement Comparison
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roecom ) Sub-yarn Level Modeling: . ‘ |

Displacement Profile Correlation
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Conclusions

Two computational approaches have been developed to simulate
ballistic impact and penetration of the textile fabric

— Yarn level model

— Digital Element model with almost filament level resolution

Limited validation of the simulation with experiments has been
conducted

— Current results indicate good agreement
— Further validation is being performed.

Additional failure mode (filament shearing) and statistical fiber strengths
are being incorporated in both models for ballistic modeling

The developed simulation capabilities would allow a material-by-design
approach to textile protection systems
— Yarn-level model provides computational efficiency on modeling and
designing multi-layer fabric protection
— Sub-yarn-level model by using digital element approach provides
» Capability of linking the manufacture of a textile to its ballistic performance
* Quantifying the effect of filament-level parameters such as inter-yarn friction, yarn
twisting and pre-yarn tension on the textile fabric ballistic protection efficiency
When matured and validated, these fabric modeling technologies will
allow rapid screening of advanced, novel, hybridized textile systems
incorporating differing textile architectures and will enhance our
capability for adapting to new threats and integrating new materials as
they become available.
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