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Analysis and Modeling of the Fracture Behavior of Warp-Knitted Fabrics
Based on the Mechanical Properties of Metal Yarns
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Abstract: In this study, the fracture behavior of molybdenum metal mesh fabrics was sys-
tematically investigated by measuring the tensile strength of molybdenum metal yarns
with different diameters and applying the obtained properties to a three-dimensional
meso-scale model. Tensile tests were conducted on molybdenum metal yarns with diame-
ters to determine yarn-level mechanical properties, which were subsequently incorporated
into the three-dimensional meso-scale structural model to numerically predict the
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mechanical response and fracture behavior of the metal mesh fabric. In addition, fracture
tests were performed on actual molybdenum metal mesh fabrics, and the experimentally

measured bursting strength was compared with the modeling results to validate the accu-
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racy and predictive reliability of the proposed three-dimensional meso-scale model. The
results of this study are expected to provide fundamental insights for the structural design
and advanced fracture prediction of warp-knit metal mesh fabrics.

Keywords: 3D modeling, metallic wire, metallic mesh, warp knit, fracture
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Table 1. Molybdenum metal yarn specimens classified by thickness

No. Material Fiber diameter (um)
#1 Molybdenum 30
#2 Molybdenum 50
#3 Molybdenum 100

#4 Molybdenum 500

SN

Figure 1. Image of a warp-knit fabric with an Atlas-Atlas pattern.
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Table 2. Tensile properties of yarns with different diameters

Yarn . Tensile Elastic
. Load Elongation

No. diameter N) %) strength  modulus

(um) > (MPa) (GPa)
#1 30 1.50 1.79 2118.08 292.25
#2 50 4.09 1.74 2085.26 259.44
#3 100 13.45 1.58 1712.29 228.84
#4 500 290.99 292 1482.46 136.81
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Figure 2. Tensile strength analysis result according to yarn diameter.
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Table 3. Material properties of 30 um diameter molybdenum metal
yarn

Table 4. Bursting strength of molybdenum metal fabric

Diameter
(um)

Bursting

RITERe strength (N)

Material

Molybdenum 30 Atlas-atlas 60.7

Yarn Elastic . . Elongation at
. Poisson's Density
diameter modulus ratio (kg/cm?) break
(um) (GPa) d (%)
30 3497 038 10,220 1.8
2.5E+09
—Experimental (Mo) ——Approximation

= 2.0E+09
=
"
& 1.5E+09
=]
"
2 1.0e+09
'E y = 3.87E+08x3 - 1.97E+09x? + 3.50E+09x
2 R? =9.99E-01
£ 5.0E+08
o0
c
w

0.0E+00

0.0 0.5 1.0 1.5 2.0

Strain (%)

Figure 3. Material properties of 30 um diameter molybdenum metal
yarn.
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Figure 4. Measurement of bursting strength of molybdenum metal
fabric; (a) measurement setup, (b) bursting test, and (c) measurement
end.
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Figure 5. Bursting strength of molybdenum metal fabric.
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Figure 6. Fracture simulation results in the course directions.
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Figure 8. Comparison of burst strength between test and simulation
results.
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