134 Maremartnune MozpemoBanHas Ne 2(45) 2021

MATEMATHUYHI METO/JH B CYCIIIVIBHUX
ITYMAHITAPHUX HAYKAX

’;

DOI:

UDC 004.942

A. Hryshchenko, master student. Alisaaaaa999@gmail.com
K. Krasnikov, PhD, associate professor, kir kras@ukr.net
Dniprovsk State Technical University, Kam'yanske

MATHEMATICAL MODELING AND COMPARISON OF THE DYNAMICS
OF STRIKES ON TWO TYPES OF VESTS FOR MARTIAL ARTS

In this paper, the authors proposed a model of a vest for martial arts with air inside. It is
known that airless vests are usually used in sports, inside of which a semi-solid material, such as para-
lon, is placed. These types of vests are not very practical for the athlete, because the strikes and kicks of
any force, when using this type of vest, are felt very strongly. Therefore, we decided to offer our model
of a protective vest for martial arts, which in our opinion will reduce the number of injuries in martial
arts, as well as improve the training process. Therefore, the purpose of our work we have chosen is to
create a mathematical model that describes the physical processes occurred during the impact in a pro-
tective vest with air inside. And a comparison of these processes with the processes that occur in a
usual protective airless vest is made. Based on the comparison of the results of mathematical modeling
of the dynamics of impacts in the vests of two different types, it was concluded that the proposed model
of the vest distributes the impact energy twice as well as the usual airless analogue. Due to the air in-
side, the energy from the impact is transmitted by particles to a larger volume in the vest, which reduc-
es the load on the impact site and avoids injuries. Therefore, the proposed model of the vest can be rec-
ommended for use in various types of martial arts as a more effective analogue of the usual vest.
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Y oaniii pobomi asmopu 3anpononysanu mooens sxcuiemy 0jisi EOUHOOOPCME 3 NOGIMPAM Y Ce-
peouri. Bioomo, wjo 3azeuuail y cnopmi UKOpUCmMOo8yiomobcsi Oe3n08impsaHi MoOei Jcuiemis y cepe-
OUHI SKUX POSMIWYEMbCS HANIBMBEPOUl Mamepiai, HAnpuKkiad, maxuii sk napaion. Taki euou dicu-
Jlemig € He 0yice NPAKMUYHUMU 0I5l CHOPMCMeEHa, 60 yoapu OyO0b-aKoi cuau, npu GUKOPUCIAHHE Yb020
8UOY dcuema, 8i0UY8amvcs 0yaice CUulbHo. Tomy Mu UPIUIU 3aNPONOHYE8AMU C80I0 MOOETb 3AXUC-
HO20 Jrcuiemy 0iisi EOUHODOPCMS, SIKA HA HAUL NO2S0 SMEHWUMb KLIbKICIb Mpasm Y eOUHOO0PCmMaax,
a maxodc NOKpawums npoyec mpeHysanv 6 yinomy. Tomy memoro nauioi pobomu mu 0opanu cmeo-
PEHHS MameMamu4Hoi Mooei, iKka onucye Qizuuni npoyecu, wjo 8i00y8aromvcs nio uac yoapy y 3axu-
CHOMY Jicuiiemi 3 nogimpsam ycepeOouni. Ta nopieHsAHHA Yux npoyecie i3 npoyecamu, siKi 8i00y8amvcs
¥V 36UYALIHOMY 3aXUCHOMY Oe3nogimpsanomy dcunemi. Ha ocnosi nopieusanmns pesyivmamie mamema-
MUYHO20 MOOETHOBAHHS OUHAMIKY YOapig y Jcuniemu 080X pisHUX 6udie Oy8 3p0OieHUll 8UCHOBOK, WO
3anpoONoOHOBAHA MOOETb JHCULEMY Y 084 pa3u Kpauje po3noodiisie enepaito yoapy His 3euyatinuii 6e3no-
simpsHuil ananoe. 3a80aKu nOGIMPIO y cepeOuHi enepeis 610 yoapy nepedacmvcs YacmuHKamu no oOi-
ILWOMY 00 €My Y dfcunemi, a Omaice ye 3HUICYE HABAHMAICEHHA Ha Micye y0apy i 00360JiA€ YHUKAMU
mpaem. Omorce, 3anPONOHOBAHY MOOETb HCUTLETTY MOJICHA PEKOMEHOYBamU Ol BUKOPUCTNAHHSL Y Di3-
HUX 8U0ax EOUHOOOPCME K Db ePeKMUBHUL AHATI02 36UYATIHO20 HCULENLY.

Knrouoei cnosa: mamemamuyne MOOen08AHHS, OUHAMIKA YyOapy, Jicuiem O €OUHOO0OPCMS,
saxon I'yka.
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Problem’s Formulation

Protective equipment is widely used in various styles of martial arts. These include: shin pro-
tection, helmet, hand protection, shockproof vest and others. However, these protective equipment can
not be called completely perfect, because even with them, athletes are injured. Therefore, protection of
the athlete need improvement. For example, vests that are made to protect the human body, are made
entirely of solid material, such as a thick layer of foam. But this model of protection does not allow to
distribute the energy produced during the strike over the entire surface of the body. So the strike falls
on a separate part of the body, where the athlete was hit. In our work, we proposed another model of
protective vest, which allows to distribute the energy from the strike on the entire body, and thus re-
duce pain and injury. The main idea of our protective vest is that there is an air layer inside. As a re-
sult, during the impact, the energy is distributed evenly throughout the body.

Analysis of recent research and publications

We have analyzed recent research and publications related to the topic of this article, and we
can highlight the following authors and the results they obtained. In the article by Saveliev V.N. [1]
"Mathematical model of a boxer's blow", which was tested in the laboratory of a company that pro-
duces force meters, in the process of long-term experimental and scientific research was created phys-
ical and mathematical model of human impact on an elastic target. With this model you can accurately
describe and understand the whole process of collision and explain the shape of the shock pulse. Also
in another work, [2] Sibirtsev S.K., Chernykh R.M. and Volegov P.S. developed a program that calcu-
lates the force of a boxer's blow depending on the type of strike and the level of training of the athlete.
Kim D. and David V.T. in his article "Measuring the speed of a boxer's hand" [3] conducted a study of
the speed of strikes of boxers men and women depending on the type of strike. Busko K., Staniak Z.
and others in the article "The force of punches and kicks among athletes engaged in martial arts,
measured using a modified punching bag with a built-in accelerometer" [4] presented the results of
tests in which men and women participated women boxers and tackwondo fighters. In these tests,
kicks and punches were made in a punching bag with a built-in accelerometer. Based on the results of
the experiments, it was concluded that the modified punching bag is a good diagnostic tool for martial
arts. Khasanshin I. in the article "Application of an artificial neural network for automation of mea-
surement of kinematic characteristics of strikes in boxing" [5] aimed to study automation of measure-
ment of speed of blows of boxers during "fight with a shadow". The model developed in the article
showed a high level of strike recognition, and the authors concluded that the use of an artificial neural
network significantly accelerates the collection of data on the kinetic characteristics of boxers strikes
and allows to automate this process. In [6] authors perform impact testing with auxetic and conven-
tional foam used in sports equipment. Results of experiments and their comparison gives 3 times
smaller forces acting on fixed surface when auxetic foam is used. Also authors present time dependen-
cy of acceleration during impact, which shows loads at peaks. In [7,8] authors consider energy absorp-
tion level of impact protective pads. In [7] it is built from polyurethane and polyester in multilayer
configurations and thickness. Experiments lead authors to recommendation of knitted spacer fabrics as
they absorb more impact energy than conventional ones.

Formulation of the study purpose

The aim of our work is to create a mathematical model that describes the physical processes
that occur during a strike in a protective vest with air inside. And a comparison of these processes with
the processes that occur in a conventional protective airless vest.

Presenting main material

Front view of considered vest is shown at Fig. 1. Along with the usual vest with a solid ma-
terial (Fig. 2), it is proposed to simulate a strike to the vest with air inside (Fig. 3).

Modeling the dynamics of a fist strike on two types of vests for martial arts is simplified ac-
cording to the following approximations:
1. The geometry of the vest allows a two-dimensional formulation of the problem.
2. The vest material is elastic and can consist of several layers for both types of vests.
3. Molecules of air inside the proposed vest is modeled by a set of elastic balls of the same radius.
4. During the impact, the body does not move and the vest takes on all the momentum from the fist.
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5. The fist and its rectilinear motion are modeled by a rectangle with the corresponding width and
speed.

Thus, the particle system consists of three types of elements for the vest with air inside:

1. Air particles that move freely and are affected by repulsive forces.

2. Connected particles of the vest material, which are additionally acted upon by the forces of attrac-
tion. These particles can form both chains and bond through several bonds, increasing the hardness
of the layers.

3. Static particles of the body, which are used to assess the pressure on it during the strike.

Fig. 1. Schematic image of a vest, front view. The rectangle indicates
the simulation area. The red cross means the place of strike

Fig.2. Schematic representation of an ordinary airless vest, side view. The
arrow indicates the direction and place of impact

Fig.3. Schematic image of a vest with air inside, side view. The arrow
indicates the direction and place of impact

To model a usual airless vest, the particle system consists only of the second and third types of
elements from the previous list.

The kinematic characteristics (location and velocity) of an individual particle i in space are de-
termined by the radius vector and its time derivative:

P=(x.y), V=7, (1)

where 7; is the radius vector, v; is the velocity of the particle.
The set of particles has dynamics according to Newton's second law [9]:
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0, |d;||=d, s
7= d,f<d,’ ®
where F; and k are the conservative force and the coefficient of attraction / repulsion, d, is the distance
from the radius vector of the particle at which the forces of interaction are equal to zero. The coeffi-
cient f also depends on the type of particle — for the connected particles of the vest material it is al-
ways equal to the coefficient of elasticity £.

The computer implementation of the mathematical model allows you to choose the initial
geometry of the vest, including the number and stiffness of the layers, the duration of the blow and the
width of the fist, as well as the number of particles. In the case of a large number of particles, it is ne-
cessary to use special algorithms for searching for neighboring particles, otherwise the calculation
speed will decrease quadratically relative to the number of particles.

The coefficient of elasticity should be chosen high enough to minimize the side effect of pene-
tration of some particles through others — especially through the particles of the vest and body.

The numerical experiment was performed with 500 particles. The duration of the blow is
0.5 seconds.

Fig. 4 shows the dependence of the maximum value of the force on the horizontal position on
the vest. As theoretically assumed, the highest values of force are located in the center. The graph
shows the beneficial effect of air use — free particles better redistribute impact energy — the maxi-
mum force is almost halved. This result is one of the factors in the use of airbags in cars. The obtained
values of force correspond to the values obtained in other studies from the bibliography.
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Fig. 4. Calculated maximum forces acting on different parts of the vest during the impact
(less — better)

For better impact analysis, the deformation of the vest was calculated (Fig. 5). It is expected
that the air vest deforms more — it has less rigidity.

Fig. 5. Calculated deformation of two types of vest during impact (left — usual vest, right —
vest with air inside, which is offered for use)
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Conclusions

Based on the obtained results of mathematical modeling of the dynamics of strikes in vests of two
different types, it is concluded that the proposed model of vest with air inside distributes impact energy
twice as well as the usual airless analogue. Due to the air inside, the energy from the impact is transmitted
by particles in a larger volume in the vest, and thus reduces the load on the impact site. Therefore, the
proposed model of the vest can be recommended for use in various types of martial arts as a more effec-
tive analogue of the usual vest. In the future, it is possible to improve the mathematical model using sym-
metry with respect to the point of impact, if it occurs in the center of the vest, which will significantly re-
duce the computation time on the computer and increase adequacy. Also, to better match the mathematical
model of reality, it will be useful to develop a three-dimensional model of the vest.
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MATEMATHUYHE MOJEJIOBAHHSA TA ITIOPIBHAHHSA JUHAMIKU YIAPIB
O ABOX BUJAX KUJIETIB AJ1s1 €EIMHOBOPCTB
I'pumenxo A.A., Kpacnikos K.C.

Pedepar

VY pi3HHUX CTHIAX OOHOBUX MHCTEITB IIUPOKO BUKOPUCTOBYIOTHCS 3aXUCHI 3aco0u. Cepen HIX
MOJKHA TIEPETIYUTH TaKi SK: 3aXUCT JUIs TOJICHI, III0JIOM, 3aXUCT KUCTI PYKH, MPOTHYAAPHUHN KUJIET Ta
. OmHAK 111 3ac00M HEe MOYKHA HA3BaTH MOBHICTIO TOCKOHATMMHU, TOMY III0 HaBIiTh 3 HUMH CIIOPT-
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CMEHHU OTPUMYIOTH TpaBMHU. OTXxe 3ac00H 3aXUCTy CIIOPTCMEHa MOTPeOYIOTh yaocKoHaneHHs. Hampu-
KJIaJ1, )KWICTH SIKi BUPOOIISIOTH ISl 3aXUCTY Bill yAapiB y KOpIyC JIIOAMHH, BUPOOJISIOTH MOBHICTH 13
TBEPJOro MaTepialy, HampuKIad, TOBCTUH MiAIIApOK i3 mapanoHy. AJjle Taka MOJENIb 3aXUCTy HE J0-
3BOJISIE PO3MOAUTUTH E€HEPriio, sika BUPOOJIETHCS Mif Yac yaapy Mo BCid moBepxHi kopmycy. ToOTo
yIap IpUXOIUThCA Ha SIKYCh OKpEMY AUISHKY KOPIIyCy, KyAW BAAPHWIM CIOpTCcMeHa. B Hammiit poOoTi
MU 3alPONOHYBAIH 1HIITY MOJIENb 3aXHUCHOTO JKUJIETY, SKa J03BOJISIE POSIOAUIMTH €HEpriio Bif yaapy
Ha BECh KOPIIYC, a OT)KE 3MEHIINTH OONBOBI BiTUYTTA 1 TpaBMH mix yac 60r0. OCHOBHA iiesl HAIIOTO
3aXHMCHOTO XHJIETY MOJISITae y TOMY, L0 BCEPEANHI HHOTO iCHY€E MOBITPSHUNA NMPOIIAPOK. Y pe3ynbTaTi
LBOTO i Yac yaapy eHepris po3MogUIIETbCs PIBHOMIPHO IO BCHOMY KOPITYCY.

Mertoro poOOTH € CTBOPEHHS MaTEeMaTHYHOI MOJIENI, SIKa Onucye (i3WdHi MPOILECH, 110 BirOy-
BAaIOTHC MiJ Yac yaapy B 3aXUCHHUM JKWIET 3 MOBITPSIM BCEPEAMHI.

3aBnaHHs poOOTH: TOPIBHATH LI MPOLIECH 3 MPOLECaMH, IO BiI0OYBAIOTHCS Y 3BUUAHHOMY 3a-
XHCHOMY O€3MOBITPSHOMY KHJIETI.

Ha ocHOBi oTpuMaHuX pe3yibTaTiB MAaTEMAaTHYHOI'O MOJEIIOBAHHS AMHAMIKH YAapiB y JKuiie-
Tax ABOX PI3HUX THIIIB, pOOMTHCS BHCHOBOK, IIO 3alPOIIOHOBaHA MOJEIb JKUIIETY 3 MOBITPSM Bcepe-
JMHI PO3IOJUISAE €HEepriio BABIYiI Kpaile, HDK 3BUYaliHUI Oe3nOoBITpsHUI aHanor. 3aBASKH MOBITPIO
BCEpEeArHI, EHEpris Bifl yAapy NepeaaeTbcs YaCTUHKAMH Yy OUIBIIOMY 00’€M Y JKHJIETI, 1 TAKUM YHHOM
3MEHIIYEThCS HABaHTAXKEHHS Ha Micue yzaapy. ToMmy 3anmpornoHOBaHa MOAENb JKUJIeTa MoXe OyTH pe-
KOMEHJOBaHa JJIsl BUKOPHCTaHHS B Pi3HUX BHIAaX €IMHOOOPCTB SIK OUIbII epeKTHBHHUN aHAJIOT 3BU-
YaifHOr 0 JKHJeTa.

VY MaiilbyTHROMY MOXHa BIOCKOHQJINTH MAaTeMaTU4YHy MOAENb, BUKOPHCTOBYIOUM CHMETPil0
II0/I0 TOYKHU yJapy, SKIIO BOHA BiIOYBA€eThCS B LIGHTPI KHUJIETA, 0 3HAYHO CKOPOTHUTD Yac 00UNCIIEHb
Ha KOMIT I0Tepi Ta 30UIBIINTE ajeKBaTHICTh. KpiM Toro, abm MatemMaTnyHa MOJIENb Kpalle BimoBiaa-
na nificHocTi, OyJie KOPUCHO pO3POOUTH TPUBUMIPHY MOJEIND KHJIETA.
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