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Abstract
The finite element analysis method (FEM), for its advantages of lower time and economic
costing in predicting the mechanical properties of fabrics, was applied to warp-knitted fabrics.
In this paper, two bar warp-knitted fabric knitted with wires was used as reflecting mesh
antennas. Firstly the loop unit of the metallic warp-knitted fabric was simulated in 3-D by
TexGen software. Secondly the 3-D loop unit model was inputted into ABAQUS software to
form a model of the metallic warp-knitted fabric sheet for uni-axial tension analysis. Thirdly
numerical results were obtained after setting the parameters in ABAQUS. Finally numerical
results were verified by uni-axial tensile experiments on the metallic warp-knitted fabric.
The results showed that the simulation was in good agreement with the experimental tensile
process, where the transfer of yarns between loops when in low fabric elongation and in
yarn elongation when in high fabric elongation were simulated by FEM of warp-knitted fabric in the tensile process. Also the same trend of tensile force was found in experiment and
FEM results. Therefore it can be concluded that FEM can be used to predict the mechanical
properties of warp-knitted fabric with a complex structure.
Key words: warp-knitted fabric, finite element analysis, tensile behavior, metallic, TexGen.

Introduction
Metallic warp-knitted fabrics, a mature
application as reflecting surfaces, have
been frequently used as deployable
mesh reflectors in antennas [1-3]. Such
warp-knitted structures have unmatched
advantages in the production of mesh
structures [4]. Moreover, compared
with other mesh structures produced by
weaving or weft-knitting, warp-knitted mesh structures as a reflector have
more advantages in performance, such
as a stable mesh structure and good mechanical properties [5]. Deployable mesh
reflector antennas udnergo the processes
of ground debugging, delivery vehicles
carrying and space operation when in use
[6]. Thus the mechanical properties are
important in metallic warp-knitted fabrics as reflecting surfaces. However, the
economic and time costs of experimental
analysis for designing reflecting surfaces are too much high due to the complex
process of warp knitting and the expensive materials. The finite element method (FEM), a kind of modern numerical
simulation method, is considered to be
economical in predicting the fabric mechanical properties of fabrics, and has
drawn more and more attention in the
textile industry.
Compared with woven fabrics, knitted
fabrics have a more complex loop struc-

ture, especially warp-knitted fabrics,
with each loop interlaced by four other
yarn segments, with no quarter loops nor
symmetrical half loops. Current research
of FEM in warp-knitted fabrics has mainly focused on multi-axial warp-knitted
fabrics and warp-knitted spacer fabrics.
For structural characteristics, finite element models of multi-axial warp-knitted
fabrics and warp-knitted spacer fabrics
can be simplified to a unit cell model
[7-9]; and even in some models loops
can also be simplified [8, 9]. While in
basic warp-knitted fabrics, the unit cell
is difficult to obtain, and the loop as the
fundamental unit cannot be simplified.
Several studies concerning mechanical
analysis of the basic warp-knitted structure by FEM have been reported. Argyro
[10] studied the main deformation mechanism of two bar warp-knitted fabric during tensile tests along the warp and weft
direction by FEM, in which numerical
methods were considered as an available tool for micromechanical analysis
of complex textile, such as warp-knitted
fabrics, and can be used in the textile design procedure. Toghchi [11, 12] studied
the uni-axial tensile behaviour of single
bar warp-knitted fabric in low strain by
finite element modelling regarding the
loop in the fabric as a twisted sharp of the
two-dimensional elastica curve, and concluded that under low strain the model
results were more consistent with those
of the experiments.
In this study, FEM was adopted to predict
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the uni-axial tension behaviour under
large elongation of reverse locknit fabric knitted from gild molybdenum wires.
The numerical results were verified by
comparing with those of experiments,
which proved the feasibility of predicting the mechanical properties of basic
warp-knitted fabrics using FEM.

Geometry modelling
of metallic warp-knitted fabric
The loop geometry in metallic
warp-knitted fabric
Reverse locknit fabric was knitted from
gild molybdenum wires on an RES2
warp-knitted machine. The real shape
of the loop in the two-bar metallic
warp-knitted fabric is shown in Figure 1.
It can be seen that loops in the actual fabric are offset with a three-dimensional
shape. The distance between courses (c)
and that between wales (w) of the fabric
were measured, where c is 1.1 6mm and
w is 1.11 mm.
Geometry modelling of the loop
by using TexGen software
A 3-D geometry model of metallic
warp-knitted fabric was established
based on the wire properties and actual
loop sharp in the fabric [13]. Firstly the
2-D loop geometry was described, shown
in Figure 2, on basis of the yarn property
effect on the loop sharp and underlap as
an arc. Where b is the loop height, and n
the number of wale spaces that the un-
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Figure 2. 2-D loop model of metallic warp-knitted fabric.
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Table 1. 3-D coordinates of databases in loop.
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Because of the complexity of the
warp-knitted structure, the output of the
fabric took a long time, and would make
some errors in software due to the excessive data. Thus the unit loop in the reverse
locknit, shown in Figure 4, was exported
and rebuilt as a fabric sheet in ABAQUS.
The model in TexGen could be exported
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Figure7. Forming a model of the warp-knitted fabric sheet in ABAQUS
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of calculation, but at a large computational cost. In the model, when the C3D10M
chosen for analytical calculation, the calculation speed was too low to cause analy
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