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THE INFLUENCE OF THE IMPACTING ELEMENT MATERIAL HARDNESS
OF A NON-LETHAL KINETIC WEAPON ON THE DEPTH OF PENETRATION
IN THE MUSCLE TISSUES OF THE BODY

The impact of the hardness of the striking element of a non-lethal kinetic weapon on the depth of its
penetration into the muscle tissues of the body was studied. The empirical dependence of the depth of
penetration into the target of the striking element on its hardness and speed of encounter with the target for
non-lethal kinetic weapons was obtained. The specified dependence makes it possible to predict the depth
of penetration into the target of the striking element and to assess the safety of non-lethal kinetic weapons for

the object of its application.
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Statement of the problem. During the ballistic
design of a non-lethal kinetic weapon (NLKW), the
correct determination of the characteristics of
the striking element (SE) when meeting the target
is extremely important. At the same time, on the
one hand, it is necessary to ensure sufficient effect
of the SE on the target, and on the other hand, not
to cause injuries that could cause a fatal
consequence of the use of NLKW. Therefore, such
a list of the characteristics of striking elements and
their values at the time of meeting the target should
be determined, which would satisfy the above-
mentioned condition. Not a few cases of
unsatisfactory results from the use of NLKW
(causing fatal injuries or insufficient impact on the
target [1, 2, 3]) testify to the imperfection of
the scientific and methodological apparatus for the
formation of requirements for such weapons, in
particular, the completeness of the list of criteria
that sufficiently reliably guarantees safety
application of NLKW is doubtful. In order to
clarify the list of indicators of the criteria for the
effect of striking elements on the target, it is
necessary to discover the influence of additional
factors on the results of the use of weapons, in
particular, the hardness of the SE.

Analysis of recent research and publications.

Today, the limiting values of the kinetic and
specific kinetic energies of the SE are considered
to be sufficient criteria for the safety of the effect
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of the striking element on the target. It is believed
that limiting the specific kinetic energy to a value
of 0.5 J/mm? makes it possible to avoid penetrating
wounds and, therefore, to minimize the probability
of a fatal effect of SE on the target.

Thus, in the standard [4] it is noted that
projectiles with a native kinetic energy equal to or
greater than 0.5 J/mm? at the minimum permitted
distance of use have sufficient striking power. In
works [5, 6] it is emphasized that exceeding the
specific kinetic energy of the striking element by a
value of 0.5 J/mm? is the basis for assigning
cartridges to the category of ammunition. The
maximum allowable value of the specific kinetic
energy of SE, equal to 0.5 J/mm?, is described in
the article [7].

Regarding the regulation of the kinetic energy
of SE, the situation is less clear-cut. For example,
in the article [8], in the algorithm for substantiating
the rational values of the technical characteristics
of non-lethal kinetic weapons, it is assumed that the
kinetic energy of the SE is within 65-80 J.

For example, in works [9, 10], the regularities
of the formation of gunshot damage, the
morphology of a gunshot wound in the range of
kinetic energy 35-100 J were considered, which
indirectly indicates the limits of the range of energy
values. The article [11] states that 70-100 J of
kinetic energy is sufficient for tissue damage.
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The issues of developing NLKW are discussed
in publications [12, 13, 14], but these sources do
not pay attention to the issue of determining the
limit values of energy characteristics of SE.

Therefore, it can be argued that there is a lack
of consensus regarding the energy characteristics
of striking elements, which are sufficient and not
excessive for non-lethal kinetic weapons.

Another way of regulating the characteristics of
SE NLKW is to limit the depth of its penetration
into the muscle tissues of the target body. For
example, publications [15, 16] proposed the
introduction of an alternative criterion for
evaluating the striking properties of traumatic
impact bullets based on calculations of the length
of the wound channel caused by it. However, this
method is acceptable when assessing damage
resulting from the actual use of weapons, but it is
not suitable for predicting damage at the design
stage of the NLKW. In this regard, in order to form
requirements for the technical characteristics of
NLKW, in particular energy and ballistic
characteristics, in article [17] the authors
researched the effect of the ballistic characteristics
of the striking element of a non-lethal kinetic
weapon on the depth of its penetration into the
muscle tissues of the body. As a result, the
empirical dependence of the depth of SE
penetration into the target on its kinetic energy and
speed of encounter with the target for non-lethal
kinetic weapons was obtained. At the same time, in
the course of research, it was noticed that during
the use of hyperelastic materials for the
manufacture of SE, the depth of penetration of the
SE into the muscle tissues of the body is also
affected by the hardness of the material.

Thus, analyzing the literary sources, it can be
concluded that it is not enough to rely only on its
energy and speed characteristics in order to predict
the results of the impact of striking elements on the
target. It is also necessary to take into account the
hardness of the material from which the SE is
made. At the same time, the permissible values of
the energy and speed characteristics of the striking
element will be refined, which will be related to its
hardness when determining the depth of
penetration of the SE into the target.

So, there is a problematic situation, which
consists in the contradiction between the need to
predict the effect of SE on the target and the lack
of models that take into account the impact of the
hardness of the striking element of a non-lethal

kinetic weapon on the depth of its penetration into
the muscle tissues of the body.

The purpose of the article is to obtain the
dependence of the depth of penetration of
the striking element of a non-lethal kinetic weapon
into the muscle tissues of the body on its hardness.

Summary of the main material. Due to the
complexity of mathematical modeling of
the impact interaction of bodies, as well as due to
the wide use of empirical coefficients in relevant
mathematical models to study the influence of the
hardness of striking elements on the depth of
penetration into the muscle tissues of the body, it
was decided to give preference to empirical
methods. Based on the experience of conducting
similar studies at the National Academy of the
National Guard of Ukraine [17, 18, 19], the
following equipment and materials were used for
experimental studies: a pneumatic ballistic gun
[19] to provide the SE with the required speed;
plasticine target simulators (PTS) made of ballistic
plasticine of the "Beschussmasse" brand weighing
6 kg; rubber SE with a caliber of 20 mm, a weight
of 0.005 — 0.015 kg and a hardness according to
Shore A of 30 units, 50 units, and 80 units; analog
hardness tester TSH-A, which makes it possible to
measure the hardness of soft polymer materials
according to Shore A; digital electronic
thermometer Testo 720 for controlling the
temperature of the PTS; optoelectronic complexes
XR2000 Chronograf for measuring the speed of
movement of SE; caliper with a depth gauge to
measure the depth of penetration of the SE into the
target.

In previous studies, it was established that the
depth of penetration of SE in the PTS corresponds
to the depth of penetration into the muscle tissues
of the body at a temperature of the PTS of 21°C
[19]. The results of preliminary studies for SE with
a hardness of Sh A = 80 units, which is the most
common, are shown in Figure 1. The red markers
correspond to the depth of SE penetration into the
muscle tissue of the biological target simulator (a
fragment of the abdomen of a "Big White" piglet),
and the blue ones — into the plasticine target
simulator. The red and blue lines are graphs of the
approximating functions for the first and second
cases, respectively. Taking into account the
sufficient convergence of the given dependencies,
further studies were carried out using a target
simulator ~made of  ballistic  plasticine
"Beschussmasse", the temperature of which was
maintained at 21°C.

ISSN 2078-7480. Yecmp i 3akon Ne 3 (90)/2024 21



O. Bilenko, V. Marchenko. The influence of the impacting element material hardness of a non-lethal
kinetic weapon on the depth of penetration in the muscle tissues of the body

L, 7y
x10-3m

70

60

50

100 120 140

160 180 200 220

Ve, mss

- biological target simulator;
_ ballistic plasticine target simulator

Figure 1 — Dependencies of the penetration depth of the striking element on the speed of impact
the target for the striking element with a hardness of Sh A = 80 units

According to the plan of the experiment, shots
were fired from a pneumatic device on a plasticine
target simulator with impacting elements that had a
hardness of Sh A = 30 units, Sh A = 50 units, and
Sh A = 80 units. The variation in the speed of the
striking element impacting the target at constant
kinetic energy was ensured as a result of the change
in the mass of the SE.

The obtained empirical data were processed by
generally accepted methods of mathematical
statistics [20], as a result of which, was obtained
the dependence of the penetration depth of the
impacting element into the target L on the speed of
the SE at the moment of impacting the target V¢ for
the above-mentioned material hardnesses.

The penetration depth of the SE into the target
is a function of its kinetic energy, therefore, to
ensure the comparability of the results, the energy
of the SE was fixed at the level of 100 J. The
analysis of the available samples of NLKW [11, 21,
22] showed that this value can be considered the
maximum from the point of view of the safety of
using NLKW regardless of other SE parameters.

In Figure 2, the original empirical data obtained
during the experiments are marked with markers,
and the results of the approximation of the
specified data are marked with lines. The indicated
data are well approximated by the logarithmic
function (1), (2), (3). The value of the coefficient
of determination for the obtained dependencies is
not lower than 0.96, which indicates a sufficiently
close connection between the initial statistical data
and their approximating functions. An exception is
the dependence for the hardness of SE Sh A =30
units, for which the value of the coefficient of
determination is 0.67. This is explained by the
insignificant influence of the SE speed on the depth
of its penetration for too soft materials.

The obtained dependences can be presented
differently: as dependences of the depth of
penetration into the target of the striking element on
the hardness of the material for different speeds of
impacting the target (Figure 3) or as the dependence
of the depth of penetration into the target of the
striking element on its hardness of the material and
speed of impacting with the target (Figure 4 ).
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Figure 2 — Dependences of the depth of penetration of the striking element into the target
on the speed of impact the target for different hardnesses of the material
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Figure 3 — Dependencies of the depth of penetration of the striking element into the target
on the hardness of the material for different speeds of impacting the target

Dependencies shown in Figure 3, are described From the point of view of the safety of using non-

by equations (4) — (8). lethal kinetic weapons, it is considered important not

= . . -1 _ . -3 2
Lizo =2,29-10 47,1110 ShA - 3,86-10 “ShA”, (4) to exceed the penetration depth of the SE into the

Liso =1,78:10 49,7310 "'Sh4 - 5,62:10 ° Sh4?, (5) target, which is equal to 50 mm [15, 16]. The

Ligo = 1,29-10 +1,218hA - 7,21-10 2 Sh4®,  (6) combination of E; and V¢, which are limiting from

Ligo = 8,28+1,438hA4 — 8,62-10 - ShA?, 7 the point of view of the above mentioned criterion,
Laoo = 3,85+1,625hA — 9,84-10 -3 ShA>. (8) corresponds to the red line in Figure 3 and Figure 4.
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Figure 4 — Dependence of the depth of penetration of the striking element into the target
on the hardness of its material and speed of impact with the target

Therefore, the conducted studies confirm the
need to take into account the hardness of
the striking element when predicting its action on
the target. The obtained dependencies make it
possible to predict the depth of SE penetration into
the target depending on its hardness and speed of
impact with the target, for the value of kinetic
energy in the moment of impact with the target
Ekc = 100 J. For other values of Ekc and hardness
of the SE, additional research is required.

Conclusions

1. The empirical dependence of the depth of
penetration into the target of the striking element
on the hardness of its material and the speed of
impacting the target for a non-lethal kinetic
weapon was obtained.

2. The resulting dependencies make it possible
to predict the depth of penetration of the striking
element into the target and to assess the safety of
non-lethal kinetic weapons for the object of its
application, as well as to set the limit values of the
speed or hardness of the striking element, provided
that the values of other indicators are fixed.

The direction of further research is to obtain
similar dependences for other values of the kinetic
energy of the striking element during the impacting
with the target and its hardness.
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BILJIMB TBEPTOCTI MATEPIAJLY YPAKAIOYOI'O EJIEMEHTA KIHETUYHOI 36PO1
HECMEPTEJIBHOI A1I HA I'"IMBUHY IPOHUKHEHHSA Y M’SA30BI TKAHUHU TUIA

11i0 uac 6anicmuynoeo npoeckmyseanHs KinemuuHoi 30poi Hecmepmenvroi Oii NpasuibhHe GU3HAYEHHS
Xapaxmepucmux ypancaiouo2o enemMenmay MOMenm 3yCmpivi 3 yiio € Hao3euyatino eaxcausum. Ipu yvomy,
3 00H020 OOKY, HeoOXIOHO 3abe3neyumu OOCMAmMHIO OO0 YPAXNCAIOYUX e/leMeHmi8 no yini, a 3 IHu02o0, — He
3a60amu  mpaem, wo MONCYMb CHPUYUHUMU JemalbHUull KiHeyb 3ACMOCY8AHHA KiHemuyHoi 30poi
Hecmepmenvroi 0ii. Omorce, Ci0 SUHAUUMU MAKULU NEPeNiK XapaKmepucmux ypajcaouux eremMenmie ma
IXHIX 3HAUeHb Y MOMEHm 3yCmpiyi 3 YN0, AKi 6 3a00801bHANU 3A3HAYEH) sulye YMO8Y. Anani3 timepamypHux
ooicepen ciOYUMb NPO HENOOOUHOKI GUNAOKU OMPUMAHHS HE3A00BINbHUX DPe3VIbMmAamis 3acmocy8anHs
KinemuuHol 30poi Hecmepmenvhoi Oil, Wo 6KA3YE HA HEOOCKOHAIICMb HAYKOBO-MEMOOUHHO20 anapamy
opmysanns sumoz 00 maxoi 30poi. 30Kpema, BUKIUKAE CYMHIE NOBHOMA NePeNiKy NOKAZHUKIE ma Kpumepiig,
KL 00CMAMHLO HAOTUHO 2apAHMYIOMb Oe3NeyHiCMb 3ACMOCYB8aHHS KIHeMUYHOT 30poi necmepmenbhoi Oil.

Y x00i nonepeonix oocniodicenv ycmanoneno, ujo nio 4ac SUKOPUCMAHHS CINEPNPYIHCHUX Mamepianie 015
BUCOMOBICHHS YPAJICAIOYUX e/IeMEHMNI6 HA 2TUOUHY NPOHUKHEHHS Y M A306i MKAHUHU MINa Yili eniusae
meepoicmb Mamepiany, ane 8 HA6HUX MOOeIsX 0Jis KinemuyHol 30poi necmepmenvhoi Oii yel napamemp He
8paxX08YEMbCAL.

Y ecmammi oocnidoceno snaue meepoocmi ypasicaiowoco eiemenma KinemuyHoi 30poi Hecmepmenvhoi Oii
Ha enuOUHy 1020 NPOHUKHEHHS V M 530681 mKaHuHu mina yini. Ompumano emMnipudty 3a1exHCHICmb 2AuOUHU
NPOHUKHEHHS V Yib Ypadcarouo2o ejlemeHma 6i0 1020 meepoocmi ma wieUOKoCmi 3ycmpivi 3 yinmo 0is
Kinemuunoi 30poi HecmepmenvHoi Oii. 3asnawena 3anedxicHicmo 0dae 3M02y NPOSHO3Y8AMU 2HUOUHY
NPOHUKHEHHS V YIb Ypadicaiowoz2o ejlemeHma ma oyiHosamu Oesneunicms yiei 30poi ons 06’exkma it
3ACMOCY8AHHS.

Odeporcani pe3yromamu MOACYMb GUKOPUCTOBYBATUCS NIO YAC POPMYBAHHA GUMO2 00 KiHeMUuHoi 30poi
HecmepmenvbHoi 0ii, 30Kpema XapaKmepucmux ypaicaroioco eliemMenma nio 4ac npoeKmyeanHs maxoi 30poi
abo 6i000PY HAABHUX 3PA3Ki6 KIHeMUUHOI 30poi HecmepmenvbHoi 0ii 01 NHOCMAHOBKU HA 030POEHHSL.

Knwuosi cnoea: eocnenanvHa 30pos, ypasxcarouuii eiemMeHm, meepoicmb Ypaxcaroyoco eiemMeHmad,
mepMiHaIbHa baricmuka, iMimamop yini, Kinemuyna 30post HecMepmenbHoi Oil.
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