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ABSTRACT

Economical metal reinforced organic fabrics (hybrid fabrics) were developed that had one order of
magnitude (10X) higher cut and slash resistance than their un-reinforced commercial counterparts. These
fabrics are coated with polymeric resins to form what are in effect single layer fabric-reinforced organic
matrix composites. The force required to cut through these hybrid compositions was determined to be
similar to that needed to defeat premium para-aramid and ultra-high molecular weight polyethylene fabric
controls. The cut resistance of the hybrids was compared to that of standard industrial nylon fabrics and to
those of Kevlar, a high performance aromatic polyamide. Heavy, medium and light basis weight hybrid
fabrics representative of target end-uses in transportation, architecture, marine and living space protection
were made and tested. Their design, processing, performance and economics are presented. The
attractiveness of hybrid production in repurposed 2-D weaving equipment, their potential for product
differentiation, and the mitigation of commercialization risks are discussed.
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1. INTRODUCTION

This work sought to determine what level of cut and slash resistance could be obtained economically from
otherwise commodity organic industrial fabrics by hybridization with the minimum adequate amount of
commodity stainless steel wire. The developed compositions of nylon fiber and wire exhibited one order
of magnitude higher cut resistance than their unreinforced counterparts.

2. BACKGROUND
2.1 Hybrid Fabrics

Hybrid fabrics are those that contain yarns of two or more different types. The ones discussed here will
have two components. The purpose of hybridizing a fabric is to improve its functionality by combining
the contributions to performance of each of its fibrous components. The incorporation of metal wire into
otherwise organic fabrics seeks to combine the robustness of metals with the cover, flexibility and
aesthetics that the organic fiber provides.

2.2 Hybridizing Methods

Three methods have been used to hybridize industrial fabrics. Method A, consists in having every
individual yarn end in both the warp and weft contain both components of the mix. Method B, has the
first component running exclusively in one direction (e.g. the warp) and the second exclusively in the
other (e.g. the weft). Method C, is to have ends of a first component alternating in parallel with ends of
the second component in a prescribed sequence and in both warp and weft. Method C was used to
develop the hybrid fabrics of this project.
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2.3 Hybridizing Advantages & Limitations

Fabrics hybridized by Method A that combine an organic fiber with steel wire have long been recognized
as having the high cut resistance that is of value in safety apparel [1], but have been of limited usage
elsewhere due to their stiffness and the high cost of preparing the feed yarn - itself a hybrid. Fabrics
hybridized by Method B wherein the metal wires run in, for example, the warp direction and the organic
fiber in the weft [2], have widely different mechanical properties in each direction. Industrial fabric
applications where cut-resistance is of value have evolved based on balanced weaves with similar
physical properties in the warp and weft directions. Consequently, two plies of Method B hybrids need to
be paired and laminated together to obtain the desired performance, an expensive additional processing
step, unnecessary if Method C of hybridization is used instead.

To overcome the limited fabric flexibility that resulted from hybridization by Methods A & B extensive
development was directed at producing metal fibers of extremely low diameters (8, 12 and 25 microns)
that had far less bending rigidity than standard commercial wires. These fine fibers were commercialized
by the Brunswick Corporation under the trade name “Brunsmet” [3] in the mid 1960°s and were used in
spinning all-metal yarns and in hybrid combinations with manmade organics for use in high value end
uses. Their very high price precluded widespread commercial application except as an antistatic agent in
organic yarns where their content could be kept at fractions of 1%.

2.4 Hybridizing of Composites

In the 1970°s Method C hybridization began to be used for composites by combining steel wire or Kevlar
aromatic polyamide fiber with carbon fiber in unidirectional and fabric reinforced resin matrices to
increase their fracture toughness [4], [5]. Method C was also used for hybrids of Kevlar with glass or
carbon fiber to obtain a better balance of composite tensile and compressive strengths [6], [7]. These
successes of Method C hybridization suggested its use here where its purpose was to reinforce industrial
nylon fabrics with stainless steel wire. To the extent that almost without exception industrial fabrics are
coated for use - either lightly or substantially - with polymers (PVC, polyurethane, neoprene, etc.), a
coated fabric could be thought of as a thin fiber reinforced composite.

3. PRESENT INVESTIGATION
3.1 Approach

Improving performance at low cost was an imperative in this development. The importance of
affordability and our focus on industrial rather than apparel end-uses drove us to select: (a) a woven rather
than a knit hybrid construction for its easier accommodation of the more economical, stiffer, larger
diameter wire we intended to use; (b) a continuous filament organic rather than a spun yarn in anticipation
of higher tensile strengths being required; (c) nylon polyamide fiber as representative of a broad class of
industrial fibers that included polyester, polyolefin and cotton; (d) soft tempered stainless steel alloy
Series 302/304 with the “bend and stay” characteristics that reduced spring-back during processing ; (e)
mass produced and competitively priced stainless steel of 0.3 mm. (0.012 in.) diameter that avoided the
cost of filaments in the 12 micron (0.0005 in.) diameter range of previous art; (f) use of both the organic
fiber and the stainless steel as supplied by their manufacturers without any additional yarn preparation;
(g) a solution died organic fiber to initially sidestep the definition of the fabric dyeing parameters; (h) a



versatile but otherwise standard two-dimensional test loom to fabricate the experimental hybrid fabrics
that could accommodate the wide difference in Young’s modulus between the organic fiber and the metal
wire in the warp, and their sequenced insertion in the weft; and (i) after an exhaustive investigation of
weave designs, one that would provide the required dimensional stability to the hybrid fabric across the
range of desired basis weights from heavy at ~680 g./sq.m. (~20 0z./sq.yd.) to light at ~340 g./sq.m. ( ~10
0z./sq.yd.).

3.2 Selected Hybrid Process & Product

The hybridization of the fabric was accomplished by uniformly distributing between multiple warp ends
and weft pics of nylon, single steel wires, in such a way that a square grid of metal wire would be
incorporated into the otherwise nylon fabric. The number and spacing of nylon and wire ends in the warp,
and the sequencing of nylon and wire pics in the weft insertion, were those required to obtain the square
metal grid density desired. Stainless steel series 302/304, 0.3 mm (0.012 in.) diameter wire was co-woven
with 500 denier Invista Inc. Type 440 continuous filament nylon yarn on a conventional 2-D loom
according to an advanced triple layer balanced fabric design which produced a hybrid fabric with a top
and a bottom surface of predominantly nylon fiber and that secured a square grid of stainless steel wire in
between [8]. An expanded cross section of the hybrid fabric is shown in Fig. 1. In this manner nylon
fabrics reinforced with incorporated steel wire square grids of 8 x 8, 4 x 4 and 2 x 2 wires per 2.54 cm. (1
in.) were prepared with basis weights of 671, 515 and 424 g./sq.m. (19.8, 15.2 and 12.5 0z./sq.yd,)
respectively, that were representative of industrial fabrics for heavy, medium and light service where cut
and slash resistance are of value. As expected the flexibility of the fabrics was inversely proportional to
their weight, but even the heaviest was judged sufficiently pliable for the more demanding end-uses,
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Fig. 1 Longitudinal section of a triple weave hybrid fabric.
4. TESTS

4.1 Method

Test hybrid fabrics and commercial controls were laid horizontally over eight layers of 475 g./sq.m. (14
0z./sq.yd.) cotton terry cloth to simulate the compliant foundation that these formulations generally
perform on in use. Samples were then subjected to the cutting action of a new and unused Stanley heavy
duty utility box cutter blade Model 11-921 that pressed vertically into the top face of the sample and that



travelled under a measured vertical load across said top face, Fig. 2. Cutting strokes of 10 cm. (4 in.) in
length were performed under increasing 453 g. (1 Ib.) increments of vertical force until the sample failed.
Failure was defined as complete penetration through the thickness of the sample at any point in the 10 cm.
(4 in.) travel. The magnitude of the force at which failure occurred was defined as the Cut Through Force.
The test was interrupted when samples withstood 9060 g. (20 Ibs.) of vertical force without failing. This
magnitude of Cut Through Force was defined as being >9060 g. (>20 lbs.) for purposes of comparison.
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Fig.2 Fabric cutting test
4.2 Results

The Cut Through Forces for several premium cut resistant compositions are shown in Table 1. For
comparison the Cut Through Force of several widely used coated commercial non-metal reinforced
industrial fabrics is shown in Table 2. Notice that increasing amounts of coating on almost identical
fabrics increases both their basis weight and cut resistance. For further comparison the Cut Through Force
of stainless steel reinforced nylon fabrics of decreasing basis weights that correspond to the 8 X 8,4 X 4
and 2 X 2 steel grids that they contain are shown in Table 3. To avoid the additional variable of type and
amount of coating on cut-resistance the Cut Through Force of the premium compositions of Table 1 and
the test hybrids of Table 3 were tested uncoated. Comparing the results in Table 1 with those in Table 3
shows a near equivalence in the value of the Cut Through Force between premium Kevlar aromatic
polyamide and steel wire reinforced nylon compositions. However, the basis weights of the hybrid fabrics
are about twice those of the aramids. This weight disadvantage can be important in special applications
but much less so in the more commonplace uses of commodity industrial fabrics where the high price of
the premium compositions is their disqualifying factor. Comparison of results in Table 2 with those of
Table 3 show the clear superiority of the steel wire reinforced nylon regardless of basis weight, with



higher Cut Through Forces of up to one order of magnitude higher (10X) recorded for the hybrid
compositions. The interlocking design was found to be critical to the performance of the hybrids [8].

Table 1 Force to cut through several premium compositions

Premium Material Basis Weight Cut Through Force
g./sq.m. — (0z./sq.yd.) g.—(Ibs.)
100% Aramid Heavily
Needled Felt 227 -(6.7) 4530 - (10)
100% Aramid Cut
Resistant, 48X48, 200d. 220 - (6.5) 4530 - (10)
Fabric
Aramid/Stainless Steel
46X46,200d./0/.004”s 5. 336-09) >9060 - (>20)

Table 2 Force to cut through several widely used industrial compositions

Commodity Composition Basis Weight Cut Through Force
g./sq.m. — (0z./sq.yd). g. —(Ibs.)
Neoprene Coated
22X20 Nylon Fabric 1356 - (40) 1812 - (4)
Neoprene Coated
22X20 Nylon Fabric >42-(16) 906 - (2)
Vinyl Coated 18X18
Nylon Rip Stop Fabric 44l =(13) 906 —(2)
Polyurethane Coated
18X18 Nylon Fabric 678 - (20) 1359 -(3)
Polyurethane Lightly
Coated “Cordura” 35X24, 373 —(11) 1812 — (4)
1000d. Nylon
Polyurethane Lightly
Coated
“Cordura” 32X36, 339 - (10) 906 — (2)
500d.,Nylon




Table 3 Force to cut through several hybrid fabrics

Nylon/S. Steel Basis Weight Cut Through Force
% by weight g./sq.m.- (0z.sq.yd.) g.— (Ibs.)
50/50 671 —(19.8) >9060 — (>20)
75/25 515—(15.2) >9060 — (>20)
87.5/12.5 424 — (12.5) 8154 —(18)

5. CUT & SLASH RESISTANT END-USES

While the work reported here used nylon as the commercial industrial fabric to be hybridized it should be
clear that a similar process can be utilized to enhance the cut and slash resistance of other organic fibers
like polyester, polyolefin and cotton that are also used extensively. All are vulnerable to natural and
manmade cutting threats, either accidental or intentional, amongst them robbery and vandalism damage.
Heavier basis weights are generally required for uses in: transportation (e.g. freight covers, truck trailer
roofs and sidings, vehicle convertible tops); architecture (e.g. space enclosures, shelters, pool covers,
canopies, tensioned structures); and marine (e.g. weather protection, winter boat storage). Middle weight
fabrics can suffice in vandal resistant upholstery, secure soft sided luggage, inflatables and awnings;
while lighter weights can serve to secure space with blinds and screens. The nylon-stainless steel wire
hybrid fabric samples of this project were designed to compare their cut and slash performance to those of
premium and commodity compositions in these three weight categories.

Though not the primary objective of this development a degree of electrical conductivity and useful
reduction of the catenary or “sag” in the coverings of large spaces (e.g. awnings, canopies, pool covers,
tensioned structures) can be expected from these metal reinforced textiles.

6. SCALEABILITY, DIFFERENTIATION & RISK

Since the original hybrid fabrics were produced on artisanal looms assurances were sought and received
from commercial weaving equipment manufacturers that identical articles could be produced on either
new equipment designed for the purpose of by the modification of current metal wire or textile looms [9].
Thus, the repurposing of underutilized or idled looms can minimize the new investment required to
produce this class of industrial fabrics that are new to the market. The handling of input materials and
finished product, while different for each component of the hybrid, are nevertheless not exclusionary of
each other. Robust best practices and trained personnel exist in both the textile and the metal weaving
industries, with the latter routinely processing a wide range of steel diameters from the coarse for window
screens to the very fine for filter fabrics. Bringing together the existing knowledge of both camps should
be straightforward for a determined hybrid fabric producer. The supply of input materials is assured to the
extent that both the organic component (e.g. nylon, polyester, polyolefin, cotton, etc.) and the metallic
component (e.g. stainless steel wire) are large volume competitively priced worldwide commodities used
as-received. The finished woven hybrid product represents a new offering in the present industrial fabrics



space that fits in the supply chain that already exist for unreinforced industrial fabrics. The cost of the
weaving-grade aromatic polyamide or ultrahigh molecular weight polyethylene fibers in premium fabrics
is five times (5 X) higher by weight than those of the commodity organics and stainless steel wire, Fig.3.
The opportunity for the commercialization of a differentiated product in the commoditized industrial
fabrics space that is based on the steel wire reinforcement of standard organic fabrics would appear to be
both low risk and profitable.
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Fig. 3 Cut resistance & cost of hybrids vs. commodities & premium compositions
7. FUTURE DEVELOPMENT

Because this hybridization technology can produce a wide range of high cut and slash resistant hybrids
depending on what components are used, in what relative amounts, and to meet what requirements of the
intended end-use, their complete characterization and validation is end-use specific. Different uses will
require hybrid fabrics to be coated with different polymers and their fabrication into finished articles will
require some adjustments. For many but not all hybrids downstream processes will be similar to those
used for the predominant component of the hybrid mix. For others the extensive knowledge bases in
fabrication and installation of both the textile and the metal industries will have the answers. The
magnitude of the greater cut and slash resistance of these steel wire reinforced industrial fabrics compared
to the present unreinforced commercial incumbents should incentivize these developments

8. SUMMARY & CONCLUSIONS

Very significant increases in the cut and slash resistance of commodity organic industrial fabrics were
achieved economically by co-weaving according to an advanced textile fabric design a commodity
organic fiber with stainless steel wire. The cut resistance of these hybrids was up to one order of



magnitude (10X) higher than that of the unreinforced commodity controls and similar that of aromatic
polyamide fabrics at approximately 1/5 the cost of the premium compositions. The manifold of hybrid
fabrics that result from this hybridizing technology platform represent a new class of industrial textiles.
The value of their performance combined with the economics of their production strongly suggests that
metal filament reinforced textiles can be a profitable differentiated products in the present industrial
fabrics space.
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