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Stab resistance of woven fabrics with aramid fillament yarns
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Abstract
Keywords: Aramid fibers are well known as the material with high tenacity and thermal
Body protection; Stabbing; stability. They have mainly been used for industrial applications and

especially for protecting human body against stab and ballistic threats. This
research investigated the effect of aramid fibers on the anti-stab resistance
with various specifications of filament yarns and fabric conditions. The stab
resistance properties of various fabric specimens were tested and compared
according to the NIJ standard-0115.00. With the aramid filament yarns, in
order to get the best anti-stabbing performance, we should apply thin yarn and
high density woven fabric.

Filament yarns; Aramid,
Woven fabric; Drop tower
test.

Tém tit

Tir khéa: Soi Aramid dugc biét dén nhu vat lidu ¢ d6 bén cao va 6n dinh nhiét. Ching
Bao vé co thé nguoi; Pam chu yéu dugc sir dung cho cac 1’1’ng. dung trgng cong nghiép va dic biét 1a dé
xuyén;'S(.n' lién tuc; Vai det; bao yé co thé con ngu’(‘n.chf)ng lai cac moi de doa fiﬁm xpyéq Vé’ dan d;_iO.
Thap thir nghiém roi. Nghién ctru nay da xac dinh dugc anh huong cua soi aramid dén tinh chéng
’ dam vo6i cac thong so ky thuat khac nhau cta s¢i aramid lién tuc va cta vai
dét. Tinh chat chdng dam xuyén ciia cdc mau vai khac nhau di dugc ‘kiém tra
va so sanh theo tiéu chuan N1J-0115.00. Vi tao soi lién tuc aramid dé dat dic
tinh chéng dam t6t nhat thi ching phai sir dung vai dét c6 kich thudc tao soi

nho va mat do dét cao.
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1. INTRODUCTION

Body armors for Army personnel have traditionally been designed to provide protection from
fragmentation and ballistic threats. However, the increasing relevance of close-quarters, urban
conflict necessitates the development of protective, flexible armor systems with additional stab-
resistant capabilities. Stab threats encountered by soldiers in the field include direct attacks from
knives and sharpened instruments, as well as physical contact with debris, broken glass, and razor
wire. The demand for improved stab protection has also been motivated by civilian police forces,
particularly in Viet Nam or in Europe..., where restrictions on gun ownership have led to an
increase in the proportion of assaults which are committed with knives.

Stab threats can be classified into two categories: puncture and cut. Puncture refers to the
penetration of an object with pointed tips through a target, such as ice picks or awls. Cut refers to
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the destruction of the target with a continuous sharp edge like the knife edge. Cutting by knife edges
is generally more difficult to stop than puncture, since the cutting edges cause a critical action
giving rise to a continuous damage to the target during the stabbing.

Stab-resistant materials are available in various forms. Metal ring mesh (also called ‘‘chain
mail’’) is used for the cut protection in commercial applications such as meat packing, and
frequently incorporated into stab-resistant vests. The ring meshes, however, do not have the
puncture resistance. Titanium foil is another design for both puncture and cut resistance. They are,
however, fairly heavy and offer little ballistic resistance. Rigid metal, ceramic, or composite plates
are also used for stab-resistant body armor. These rigid armors can offer an excellent stab resistance
but are bulky and inflexible, making uncomfortable to wear them or difficult to hide for
transportation.

There have been many trials to apply the textile structure for the body protection again the
stabbing. Suffice to take a few of them, Anctil et al. [1] reported on the stab performance and
ballistic data for a series of fabric armor specimens. Gadow and Niessen [2] showed that aramid
fabrics with thermal-sprayed ceramic coatings increased the energy absorption in a quasistatic stab
test. Flambard and Polo [3] used even knitted fabrics as the basic textile structure for improving stab
resistance. Ankerson et al. [4] measured the quasistatic stab resistance of pigskin and a synthetic
skin simulant.

Confining the anti-stabbing action to puncture, Nguyen et al. [5] used clamped rubber
membranes and a conical puncture probe to study the penetration and analyzed the membrane
deformation and puncture force. Russell et al. [6] used a flat-faced puncture probe to measure the
puncture resistance of clamped, non-woven, high modulus polyethylene fabrics. Studies on the
quasistatic cut resistance of fabrics and other thin materials also have been reported. Specifically,
investigations into cutting properties of polymer sheets were conducted to explain the sophisticated
fracture and friction during the cutting process for monolithic, visco-elastic materials [7-9]. Lara et
al. [10, 11] presented cut properties for specific fabric and film materials.

The requirement that the body protection armor should satisfy is not only confined to the
mechanical resistance against the stabbing which was the major interest of the researches so far. The
wear comfort is also an important factor that should be considered as well, for example the lightness,
the flexibility, and the skin feeling while wearing the body armor.

Aramid fibers have mainly been used for industrial applications and especially for
protecting human body against stab and ballistic threats. However, the size of yarns and the
areal density of textile are strongly affected to properties of aramid woven fabric, especially stab
resistance property. In this study, woven fabrics made of aramid fibers were considered as the
basic material for body protection in forms of protective jackets or other clothing. The fabrics,
produced with threads of special fibers such as aramid, could provide a good solution for
protecting the human body against stab threats. Therefore various woven fabrics were prepared
with aramid filament yarns and the stabbing test of the fabrics were conducted to investigate the
influence of the factors such as the thickness and weight of the armor fabrics, yarn specification,
and fabric density.

2. EXPERIMENTAL

2.1. Test Method
The stab test was performed utilizing the conventional drop tower as suggested by the
National Institute of Justice (NIJ), a standard for stab testing frame of protective armors [12].
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This method uses a drop mass with standardized blades, which is then dropped onto an
unclamped fabric placed on top of a damped backing material. The mass, speed, and damping
characteristics of the backing material for the experiment have been designed to mimic the
biomechanical process of stabbing assaults [13-15].
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Fig. 1. Experimental system to check the stab resistance properties
(a) photograph and (b) dimensional specifica.

Figure 1 shows drop tower system that we used. One of the impactors that NIJ
recommends is the *“S1°’ knife, as illustrated in Figure 2. For the stab testing the impactor was
grabbed by a carrier and mounted to a cross-head in a rail-guided drop tower, while the stab
target was placed on a multilayer foam backing (Figure 3). This backing material consisted of
four layers; a multi-layered neoprene sponge layer, each layer of which is 5.8-mm-thick,
followed by 31-mm-thick polyethylene foam layer that was backed by two 6.4 mm thick layers
of rubber. Synthetic witness papers, PolyartTM, were inserted under the target and between each
layer of neoprene sponge. To perform a stab experiment, the impactor mounted on the cross-
head was loaded with a weight so that the potential energy of the cross-head was constant with
the level 1 (E1=24J) according to the NIJ standard, when it was dropped from a fixed height to
the specimen. The depth of penetration into the target was quantified in terms of the number of
witness paper layers penetrated by the impactor. Specimens were prepared by stacking fabrics
with aramid woven and nonwoven, while changing the folding number of the fabrics. And
various specimens were produced with various levels of target thickness and target areal density.
In stab testing the specimens of size 35x40 (cm?) were clamped by nylon straps and the
sharpness of the impactor was monitored and controlled by using a modified hardness tester as
described by the N1J standard. Table 1 shows the conditions for the drop tower testing.
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Fig. 2. Stabbing impactor(S1) for stab test
Table 1. Conditions for drop tower testing
“E1” strike energy
+
(Protection level 1) 24=0.500)
Shuttle weight (Drop mass) 1.8 (kg)
Drop knife type Blade (S1)
Drop height 1.370 (mm)
Theoretical impact speed 5.1 (m/s)
Dimension of the specimen 35%40 (cm?2)
Crop mass
Specimen=s
Neoprene [ 1 Witness
sponge C 1 papers

Polyethylene Y | |
foam

1 :?_Rubber

Fig. 3. Construction of the foam backing system receive drop mass with knife for stab test.
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2.2. Material and Specimens

c) €]

Fig. 4. Photographs of the aramid woven fabrics with various size of yarn and fabric density:

(a) 200de, (b) 495de, (¢)1500de-H, (d)1500de-M, (c)1500de-L

In this research, we chose three sizes of aramid filament yarns (200de, 495de, and 1500de).
Each kind of filament yarns is weaved at the highest density. Especially, with 1500de yarn size,
we generated three different densities, which are high (1500de-H), medium (1500de-M), and low
(1500de-L). Then we tested the stab resistance ability of five products. The thickness and areal
density of woven aramid fabric are given in Table 2. The picture of five kinds of aramid fabric is

presented in the Figure 4.
Table 2. Specifications of woven aramid fabrics

. Thickness Areal densi
Materials (mm) (g /m> ) ty
1500de-H 0,8 570
1500de-M 0,7 500
1500de-L 0,57 460
495de 0,32 210
200de 0,2 130,7

3. RESULTS AND DISCUSSION

The stabbing action was simulated by an impactor drop, using the drop tower test method.

The stab resistance was measured by the penetration depth of the knife (S1) through the
specimen. The penetration depth is defined as the distance of the bottom surface of the specimen
and the front tip of the knife that drilled through the armor specimen. The specimens were
prepared by stacking the fabrics in several layers. The measuring results were then analyzed to
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determine the exact effects of the parameters, such as the thickness and weight of the armor
fabrics, also considering the yarn fineness and the fabric density.

3.1. Effect of specimen thickness

The thickness of each layer of the armor fabric can be different, if the fabric condition or
yarn structure changes. Since the armor thickness was supposed an important factor, affecting
the comfort and wearability of the body armor, the penetration depth of the specimens was
analyzed in terms of the specimen thickness.

Figure 5 shows the relationship between the penetration depth and the thickness of the
specimen for the pure aramid fabrics with various aramid filament yarns and fabric densities. As
the thickness increases, the penetration depth decreases. Fabrics with high density (1500de-H)
are better than the low density (1500de-L) fabrics. And thin yarns (200de) bring out better effect
than the thick yarns (450de, 1500de-H, ..) on the anti-stabbing property (the penetration depth
under 10mm). Therefore, higher fabric density with thin yarns could lead to the best result in
reducing the penetration depth.
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Fig. 5. Penetration depths of the aramid woven fabrics relative to the sheet thickness

3.2. Effect of specimen weight

Body armor should protect the human body against accidents or external attacks; therefore,
the weight of the armor fabric is a very important factor in terms of body protection
performance. We examined the effects of specimen weight on stabbing resistance, and the
penetration depth of the impactor was measured according to the fineness of yarns and the fabric
densities.

Figure 6 presents the relationship between the penetration depth and the weight of the
specimen for the pure aramid fabrics with various aramid filament yarns and fabric densities.
Similar to the effect of specimen thickness, when the specimen weight increases, its penetration
depth decreases. Higher fabric density with thin yarns (200de) led to the best penetration
resistance (the penetration depth under 10mm).
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In general, the fabric condition and the yarn structure are related to the thickness and the
weight of the fabric or specimen. Any change in the thickness and the weight of the armor fabric
affects the depth penetrated by the stabbing impactor. So, on the viewpoint of armor’s thickness
and armor’s weight, the pure aramid fabrics with high fabric density made of thin yarns get more
advantage in the stab resistant to the knife impactor.
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Fig. 6. Penetration depths of the aramid woven fabrics relative to the areal density of fabric sheets

4. CONCLUSIONS

In order to protect human body against the stabbing threat, the anti-stabbing performance
was tested, while a tower drop method was applied according to the NIJ standard. The armor
specimens were prepared in the form of woven fabrics. We chose three sizes of aramid filament
yarns, and produced five kinds of fabric densities. Then we applied the test to verify the stab
resistance of each product. Our results showed that the changes of fabric density and the size of
filament yarn strongly affected to the stab resistance, and the 200de high density aramid fabric
demonstrated good anti-stabbing performance. Therefore, with the aramid filament yarns, in
order to get the best anti-stabbing performance, we should apply thin yarn and high density
woven fabric.
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