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CRITERIA FOR EVALUATING THE EFFECTIVE USE OF
ULTRA-STRONG TEXTILES IN PERSONAL ARMOR
PROTECTION

Purpose. The purpose of the article is to systematize knowledge in the production of personal armor
protection and formulate special requirements to be met by finished products, evaluate knitted fabrics'
efficiency for their manufacturing.

Methodology. The methods of analysis and synthesis were applied to show the current state of PPE
production, requirements for performance indicators and benchmarks of quality.

Results. The criteria for assessing the quality of personal armor protection were analyzed. It was
clarified that the personal body armor must meet stringent, complex and contradictory requirements arising
from the terms of usage and degree of expected threats.

Scientific novelty. The requirements for personal armor protection for the manufacture of textiles
that use ballistic purposes were set; classification of body armor for various types of features was made.

Practical value. The assessment of textile materials efficiency will help to establish domestic
production of knitted fabrics ballistic purposes. The criteria of personal armor protection quality assessment
will determine ways to address the issue of increasing the level of protection against damaging factors of
different weapons.

Keywords: personal armor protection, ballistic knitted fabric, body armor, equipment damage, spark
proof and bulletproof resistance.

Introduction. Both in peacetime and wartime law enforcement agencies, security guard
agencies, government officials, various military units, politicians, advocates, businessmen and
people of other professions are often exposed to threat while carrying out their duties. They face
threats from criminals and other violators of law which may use edged weapons and firearms. To
ensure protection against damaging factors of different weapons personal ballistic-protective
equipment (PPE) can be used.

Highly efficient PPE contributes not only to the preservation of human life and health, but
also improves moral and psychological state of the military men, special units’ personnel, law
enforcement agencies and other government structure personnel giving them an opportunity to use
their weapons effectively in order to perform their tasks.

Objectives. Firearm development trends result in the need for constant search of the ways to
increase protection level by introducing new materials, design solutions and technologies in
personal body armor products manufacturing. Practical experience in the use of military body armor
in the course of settling existing local armed conflicts indicates that modern body armor is still far
from being perfect [1]. The main reasons for soldiers’ negative attitude towards body armor are
their excessive weight that causes premature fatigue, decreases mobility and increases runtime of
training and combat missions. Raising the level of military protection always contradicts other
important characteristics such as maneuverability and ergonomics. The ratio of these indicators is
also determined by solvency, which takes into account technical and economic characteristics of the
materials used.

The development of ultra-strong textile materials with new structures for modern PPE
production will facilitate design and ensure free movement in implementing the assigned tasks.
Based upon the analysis of existing literature the conclusion was made that the comprehensive
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evaluation issue of modern body armor functional properties and efficiency of usage of various
textile materials for their manufacturing had not yet been studied carefully. To solve these problems
it is necessary to systematize the knowledge of the PPE production and development of special
requirements that the finished goods should satisfy.

Research results. Personal protective equipment (or personal armor protection) is used by
law enforcement, military and some civil professions representatives with the aim to protect vital
body areas from various injuries that offenders may cause by edged or firearm weapons, metal bars
or stick attacks, throwing objects and mine shrapnel, grenades and shells. The normative document
[2] defines personal armor protection as wearable products with periodic usage intended for a
human body (head, neck, torso and limbs) against specific ballistic threats in preset operating
conditions and also ensure exclusion or minimization of the impact of force applied to the body
from weapons and are aimed at protecting it from other damages.

PPE with the use of ballistic textile requires special analysis in terms of efficiency of its
properties. They include a body armor (BA) and its additional elements, helmets and other
equipment (protective knee and elbow pads, pants, capes, cloaks, jackets, blankets and protective
underwear) that have a high degree of strength and sustainability to mechanical and other
influences. Additional removable body armor elements include neck and shoulder, groin, side lining
to protect the torso, removable protective elements (armor plates). Modern body armor protects a
human against penetrating effect of bullets, shrapnel or other elements of defeat due to its ballistic
properties. The material used for its manufacturing must delay or minimize the speed element
damage, absorb the maximum and disperse collision energy.

The development of effective personal body armor is challenging given the large number of
tactical and technical requirements and factors that contradict each other and affect combat
effectiveness. Each country is actively working to improve the structure of used materials and the
design of individual elements of personal armor protection [3-7].

The most important characteristic of armor clothes is its protection class. The protection
class must meet the current requirements of National Standardization System of Ukraine DSTU V
4103-2002, which establishes requirements for ballistic body armor [2]. The protection class, i.e.
the list of weapons, from which it protects, is the most important armor clothes characteristic; it is a
defensive structure stability indicator of specific body armor to weapons. Modern domestic market
offers a wide range of body armor of both foreign and domestic production. According to their type
the wearable bullet-proof vests differ. There are hidden, semi-hidden and open (external) wearing
types. BA of a hidden type must possess minimum thickness and maximum comfort; must have an
appropriate color that is not noticeable under the clothing, provide a good ventilation and impact
absorption, allowing wearing it under the clothing for a long time like ordinary clothes or as an item
of clothing. Therefore, hidden BA is usually produced only in 1 and 2 class of protection.

According to the type of application there can be military, assault, police and civil body
armor. Also there exist body armor for dog training and special armor with high levels of protection
for a long stay in the water.

Modern body armor consists of three main elements:

— textile outer cover with fastening and fit system,

—armor material placed inside the cover— hard (with armor plates) or soft ballistic package,

— cushioning pads.
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According to the materials used the body armor construction can be rigid on the bases of
hard structural elements (metal, ceramic, composite armor, etc.), soft (textile armor) and semi-rigid
(combined) that means a combination of textiles with armor material plates. The PPE is often made
as a combined type of armor. It consists of hard structure parts — metal plates and soft armor, which
present a textile package. Soft armor protective structures consist of packets based on 15-30 layers
of ballistic fabric made of heavy-duty and lightweight aramid (kevlar, twaron, nomex, heracron,
etc.) or high-molecular polyethylene (dyneema, spectra, doyentrontex, izanas etc.) fibers.

In terms of protection the body armor is divided into:

— splinterproof — protection against knives, small-caliber firearms bullets, fragments and
mechanical damage; designed for usage by civilians;

— bulletproof — protection against bullets of various types of firearms; designed for special
combat missions by military capture groups and intelligence groups;

— differentiated, in which the protective structure has different ballistic resistance rates, i.e.
design includes both splinterproof and bulletproof protective compositions with varying degrees of
security chest and spinal sections designed for the use in combat;

On the basis of the analysis of the existing body armor range a classification of different
types of attributes shown in Figure 1 has been developed.

The application analysis of BA types indicates that the appropriate level of splinter and
bullet protection mostly depends on the weapons used in assault. The PPE shows maximum
efficiency in combat missions not associated with long active movements, incurring guard service,
in the course of military equipment marches, intermittent assault shares; so, the usage of chest and
spinal armor plates is justified only in sedentary activities that soldiers perform vertically. For long
marches, combat operations in the mountains, exploration and other types of military activities
requiring exertion limit constant wearing of bulletproof armor plates is considered as inappropriate
[8].

Protective ballistic textile is used as the basic material for modern ballistic PPE
manufacturing. Its properties are determined by its physical and mechanical characteristics.
Designing products for protection of various human body parts under certain conditions requires a
special approach. A key component of new textile materials design process for PPE is the
development of scientifically based opinions on the basis of theoretical and experimental studies.
Such products must possess high protective properties depending on the application and fully meet
the complex requirements that are to be met. Depending on the type of troops or the nature of the
actions the requirements set can vary downwards their number. But the major ones will be required.
Physical and mechanical properties and weight of the protective armor elements for various
weapons differ sometimes in dozens of times. The problem of appropriate use of the majority of
armor proof materials in different conditions has not been solved so far.
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In the process of creating body armor and its constituents various problems may arise. They
are caused by the following contradictory requirements. In the course of analysis the set of
requirements that apply to ballistic protection products according to specified conditions has been
formed:

* bulletproof and high resistance to weapons penetration. Depending on the type body armor
has to withstand certain amount of hits in accordance with the stated protection class. The definition
of these characteristics is a complex scientific and technical problem the solution of which is
currently carried out by field experiments. A significant drawback of this simplified approach is the
criterion for assessing the quality of armor structure "penetration - non-penetration”;

* high resistance to impact (i.e. reducing the BFS depth measurement that can be dangerous
to the object of protection). BFS depth measurements are evaluated differently in various countries.
Almost all foreign standards evaluate this option by the depth of the print on a special plasticizer
left by the bullet after its penetrating into the bulletproof vest. The main problem is that different
standards accept different values of this parameter. In the United States (standard NIJ 0101.06) [9]
the dent is allowed to be of 44 mm in depth, in Germany and Britain - 22 mm. Statistics gathered by
foreign experts shows that the upper obstacle injury depth of 44 mm probability of death is almost
10%. It is important to note that the DSTUV 4103-2002 also sets strict requirements for BFS depth
deformation, which should be no more than 25mm. For wearing hidden protection classes body
armor should possess 1, 1-A, 2 — 35mm. The depth of knives penetration (length release on the back
surface of the body armor) should be no more than 5 mm.

* minimum weight to ensure sufficient mobility and maneuverability for the personnel to
perform all sorts of tasks with an effective protection area. Body armor linear dimensions affect
combat effectiveness, reducing mobility, complicating movement and inspection. To compensate
such effects, personal body armor is designed to be close to the body; soft and hard armor elements
are located rationally. The usage of tactical (handling) vests is also effective that gives an
opportunity to distribute the load over a larger area and improve mobility;

« ergonomic high performance, comfort in use;

* maintaining resistance to weapons under given conditions using a particular product —
under certain temperature, humidity, atmospheric precipitation and being immersed in water, or
under short-term fire impact;

* preservation of functional properties after repeated ingestion of striking element in the
same defense area,;

* preservation of functional properties after repeated usage for a certain period and lack of
armor elements deterioration without direct exposure to bullets and shrapnel;

» PPE design should provide easy and quick donning without assistance, fit snugly to the
body, be securely fixed, not restrict freedom of movement and allow a person to conduct active
actions;

« textile materials and seams that are used in manufacturing of PBA protective structures
should be strong, smooth, environmentally friendly and allow mechanical removal of dirt and
washing without performance and protection decline;

«flammable and toxic elements and coatings are forbidden in PPE manufacturing.

The trend for gradual increase of security indicators made the security and weight limit
become the defining BA characteristic. All other parameters are considered secondary. Thus, the
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customer makes a choice on the basis of the prior protection area and the product weight. Because
of the lack of balance between security and mobility a set of unique requirements for the optimal
body armor has not been yet formed.

For the manufacturing of body armor vests and other items of personal body protection
heavy-duty textile materials are used, the structure of which is formed by means of ultra-strong
threads. The performance of physical and mechanical properties of raw materials largely determines
the main consumer properties of the finished products.

The Ministry of Defense of Ukraine has set the demands only for textile materials used for
manufacturing of the outer covers of body armor, which must meet the requirements concerning
their weight, moisture resistance, tear force, resistance to abrasion. They should not burn or
maintain fire and impair their physical and mechanical properties under the impact of oils, gasoline
and organic substances soluble in the process of dry cleaning or under the influence of detergents
during washing. However, the requirements for textiles produced from ultra-strong threads that
have ballistic properties have not been set yet.

It should be noted that all the manufacturers of body armor in Ukraine use imported cloth.
There is practically no domestic production of ballistic textile materials with a high degree of
durability. But the disadvantage that should be noted is the usage of woven structures. Under the
influence of bullet the warp and weft threads, located in fabric structure in mutually perpendicular
directions, are parted without lingering weapon debris. Therefore, due to its elasticity and structure
features knitted fabric is the best textile material for the hidden type of body armor manufacturing,
BA extra components to protect various parts of the body (neck, groin, shoulder and hip) and
forming a substrate armor blocks protection against fragments and rebounds. In the process of
dynamic interaction of a ballistic jersey with a bullet its loop structure due to elastic properties will
reduce the bullet's energy bounce and its fragments more effectively. On the basis of it a study
should be conducted aimed at the development of such a knitted structure. Such a trend is
promising, because in Ukraine there are no companies that specialize in manufacturing of knitted
fabrics for body armor and other knitted products that protect human body against various types of
weapons and firearms [10].

Heavy-duty processing of raw materials for flat knitting and circular knitting equipment has
been studied by us. Sufficient capacity indicators were determined for the knitting ability of ultra-
high-molecular-weight polyethylene fiber linear density of 132 tex in the raw on the double bar
warp knitting machine for a single and double weft knitting structure: plain, rib, based on the
combined rib and plain and in combination with smooth polyamide filament technical 29 tex or
with polyester 16,7x2 tex; also interlock and double-layer weft knitting structure with the press
layers connected by basic yarns on a circular rib machine with interlock needles arrangement.
Knitting capacity check has proved that the polyethylene thread can be processed smoothly by the
knitting equipment with concentrated takedown traction by sinkers. This way it becomes possible to
obtain the most dense knitted fabric structure. By varying the knitting parameters one can get the
knitwear possessing different deformation characteristics, and therefore varying degrees of
bulletproof resistance and other types of mechanical impact.

Thus, with the aim to develop textiles, including knitted fabrics for the manufacture of PPE
the following theoretical aspects of the must be considered:
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— the process of the dynamic impact of weapons (bullets, fragments of knives or weapon)
and estimation of over obstacle effects upon the actions;

— the interaction between the protection back side and the human body and the evaluation of
the degree of over obstacle impact intensity in terms of the human condition threshold criteria.

It should be noted that the mechanism of dynamic interaction between a bullet or a blade
and the protection elements made of textile materials has not been studied yet, especially in view of
possible biomedical effects caused by different over obstacle effects. In theory the complex creation
and studying of relevant mathematical models that adequately describe the behavior of the objects
mentioned above prevent us from solving the problem. These models are usually multidimensional,
non-linear and they have ambiguity of characteristics that make them approximate and incomplete.
In this regard, the role of experimental studies has become significant. The results of it can be used
to clarify the development of mathematical models and valuation methodologies for over obstacle
effects.

Many problems arise in the course of organizing and conducting experimental studies:
exceptional intensity and transience of bullet impact processes and their interaction with PPE
requires the use of rather a sophisticated measuring, specific recording tools and a special test stand.
For medical and biological experiments it is necessary to make tests with biological objects,
therefore there arise difficulties (they are connected, in particular, with the need to use living
objects — biomannequins). It is clear that this complex and urgent problem can be solved only
through the combination of theoretical and experimental studies with existing results of medical
experiments conducted in similar conditions. We can assume that required intelligent and financial
expenditures will be compensated by the saved lives and health of people and by the improvement
of their professional qualities.

Conclusion. The analysis conducted has proved that the development and evaluation of the
effective use of personal body armor should be based on an appropriate set of quantitative criteria to
optimize parameters. The complexity of this task lies in the fact that currently there are no
scientifically based methods of quantitative assessment of physical and mechanical characteristics
indicators. The lack of specific assessment criteria prevents the formulation of technical
requirements for materials used in manufacturing of body armor and its components.

The effective personal body armor development is challenging as it faces a large number of
tactical and technical requirements and factors that contradict each other and affect combat
effectiveness. Therefore, the choice of material for PPE must be determined by the complex
performance.

The research issues analysis has proved the necessity to consider optimal balance of
protective body armor properties in the design and development of PPE, wearing comfort and
mobility of the military personnel, the ability to perform complex military and educational training
tasks in different conditions to ensure their maximum efficiency.
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KPUTEPII OIHKA EGEKTUBHOCTI BUKOPUCTAHHSA TEKCTUJIBHUX
MATEPIAJIB MIJABALIEHOI MIITHOCTI B 3ACOBAX IHIUBIJIY AJILHOI'O
BPOHE3AXUCTY
BOBPOBAC.10., TAJTABCBKAIJLC., BAXMAUYJI.A., CTYITIAKLM.

Kuiscoruii nayionanvrutl ynisepcumenm mexnonozit ma ousainy

Mema.Cucmemamuszayis 3uans y cepi supobnuymea 3acodis iHOUgioyaibHo2o0 OpoHe3axucmy ma
opmynr06anHsa cneyianbHUx 6uUMo2, SKUM NOBUHHI 8i0nogidamu 20mosi eupobu,oyinka epekmugHocmi
BUKOPUCTHANHHS MPUKOMAICHUX NOJOMEH 0I5 IX 8USOMOBILEHHS.

Memoouka. Buxopucmano memoou auanizy ma CuHme3y iCHyIY020 CMAaHy eupobHuymsea 3acobdie
IHOUBIOYANLHO2O 3AXUCTNY, BUMO2 00 NOKA3HUKIE eKCNLyamayiiHux Xapakmepucmux ma Kpumepiis oyinku
AKOCMI.

Pesynomamu.llpoananizosano xpumepii oyinku sxocmi 3aco0ié IHOUBIOYAIbHO20 OPOHE3AXUCTY
(316). Bcmanoeneno, wo 3Ib nosunni 6i0n0gioamu KOMRIJIEKCY IHCOPCMKUX 1 CYNepeunrusux eumoe,
00YMOBNIEHUX YMOBAMU IX BUKOPUCAHHS I CIYReHeM 04iKY8aHOi 3a2po3u.

Haykoea nosusna.Bcmanosneno eumozu 0o 3aco6ié  inougioyanvnoeo 6Opouesaxucmy, Ojisl
BUCOMOBIIEHHA AKUX BUKOPUCHIOBYIOMbC MEeKCMUIbHI Mamepianu 0anicmuiHo20 NPU3Ha4esHs, po3poobieHo
KAacughikayito Oponescunemis 3a PisHUMU 6UOAMU O3HAK.

Ilpakmuuna 3nauumicms.Oyinka egexmusHOCmi  GUKOPUCMAHHA MEKCMUTbHUX —Mamepiania
CHpusmume HAIA200NCEHHIO  BIMYUZHAHO2O —GUPOOHUYMBA MPUKOMANCHUX NOJOMEH  OATICIMUYHO2O
npusnadenns. Buseneni kpumepii oyinku axocmi 315 0o36oname eusHauumu WiAXU BUPIUEHHA NUMAHHA
niosuweH s pieHs 3axucmy 6i0 Oii ypasxcarouux paxmopis pizHux euoig 30poi.

Knrouoei cnosa: 3acobu inougioyanbHo2o 6pore3axucmy, mpuKomaxic OaicmuiHo20 NPUHayeHHs,
Oponedcunem, 3acoouU ypaxcenus, NPOMUOCKOIK08A Ma NPOMUKYIE8a CIMILIKICTD.

KPUTEPHAHU OLIEHKH D®PEKTUBHOCTH UCIMOJIb30BAHNS TEKCTHJILHBIX
MATEPHAJIOB ITOBBIIIEHHOW IMTPOYHOCTH B CPEJCTBAX
WHIUBUAIY AJTHHON BPOHE3AIIIATHI
BOBPOBA C.IO., TAJIABCKAS JLE., BAXMAU JI.A., CTYIIAK 1.M.

Kueeckuil Hayuonanvuwiii yrusepcumem mexHoao2utl U OU3alHa

Henv.Cucmemamusayuss  3Hanutl 8  006AACMU  NPOUZBOOCBA  CPeOCmE  UHOUBUOYATbHOU
oponesawjumel U GOPMYIUPOSKU CNEYUanIbHblX MpedOoSaHUll, KOMOPbIM OOJJICHbLL COOMBEMCMBO6aMb
eomogvle  uzoenus, OYeHKa IPHEeKmueHOCmU UCNONb306AHUS MPUKOMAIICHBIX —NOJOMeH ONid  Ux
U320MOGACHUA.

Memoouxa.tcnonv3o6anbl  Memoobl  aHanu3a U CUHME3ad  CYuecmeyloujeco  COCHOSIHUA
npouzeoocmea cpeocms UHOUBUOYANbHOU 3auumbl, mpebOGaHUll K NOKA3AMeNsIM SKCNIYaAmayuoHHbIX
Xapakmepucmux u Kpumepues OYeHKu Kaiecmed.

Pesynomamui IIpoananusuposanvl  Kpumepuu OYeHKU KAYeCmea Cpeocme UHOUBUOYATbHOL
oponezawumor  (CHUB). Ycmanoeneno, umo CHE  Odondcnvl  omeeuamv  KOMHIEKCY —JHCECHMKUX U
NPOMUEOPEUUGLIX MPeOOsanull, 0OYCI06NIEHHbIX YCIOGUAMU UX UCHONLIOBAHUS U CHENEHbIO O0ICUOAEMOT
y2po3ul.

Hayunas noeusna.Ycmanosenensi mpebosanus Kk cpedcmeam UHOUGUOYaIbHOU Opone3auumul, Oisl
U320MOGACHUS KOMOPBIX UCHOIL3VIOMCS MEKCTUNbHbIE MAMEpUanbl  OQLIUCTIUYECK020 HAZHAYEHUs,
paspabomana Kraccu@urayuss GPOHeHCUNIEnO8 NO PA3TUUHBIM 6UOAM NPUSHAKOS.

IlIpakmuueckan  3nauumocms.Oyenka  dQ@PeKmusHOCMU — UCNOAL30BAHUA — MEKCHMUTbHBIX
Mamepuanos 6ydem cnocob6cmeosamv HANAHCUBAHUIO OMEUECNBEHHO20 NPOU3BOOCNEA MPUKOMAICHBIX
nonomen banrucmuyeckoeo HasHavenus. Buvisgnennvie xpumepuu oyenxku xavecmea CHUB noszeonsm
onpedenums Nymu peuleHus onpoca HNOGLUUEHUS YPOGHA 3aAuUmbl OM GO30€UCMEU HOPAICAIOUUX
axmopos pa3nuuHbIX 8UO08 OPYIHCUSL.

Kntouesvle cnoea: cpedcmea uHOUBUOYAIbHOU OpOHE3aUWUMbL, MPUKOMAIC OALIUCMUYLECKO20
Ha3HaweHus, OpoHedtcuIem, cpeocmed NOPadlCceHUs, NPOMUEOOCKOIOUHAS U NPOMUBONYLE6As CIOUKOCHIb.
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