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Introduction

With the help of a specialised software used in
mechanical engineering, there was created an
independent modulus to simulate the impact
between two human bodies. Thus, considering
the material properties afferent to human body,
the initial speeds, the restitution and friction
coefficients, the created modulus may spec-
ify the values of velocities and accelerations
after the impact, of the bodies, the meaning of
these velocities and accelerations and maxi-
mum stresses that occur, as well the location of
these stresses. The theoretical values of veloci-
ties were compared to the experimental values,
being done the corresponding corrections to val-
idate the software modulus. The collision of two
athletes can be viewed from two perspectives,
namely: in terms of sports performance and in
terms of the traumas that can occur in athletes.
From a performance perspective, impact force is
important in freestyle wrestling or Greco-Roman
wrestling, sumo, rugby, etc., and can make the
difference between winner and loser. In contrast,
the traumas caused by the impact force can
sometimes be severe enough, requiring long
periods of hospitalization and recovery. The vir-
tual simulation, based on the suitable software,
allows the coach and the technical staff to pre-
pare the athletes so as to either obtain a certain
impact force, or to diminish the impact force with
the opposing athletes. The software module was
tested for the collision of two athletes in the game
of rugby. Thus, using a rugby team from lasi, we
simulated the collision of two athletes each in a
gym and we determined experimentally, by vide-
ographic method, the impact speeds which, then,
we compared with those obtained with the help
of software module. The initial impact velocities
used in the software module were those deter-
mined experimentally. The values obtained for
the velocities of human bodies after collision,
using the software module, by simulation, are
very close to those obtained by experimental
measurements. For the future, we aim to improve
this software module by performing experimental
measurements during sports competitions and
comparing them with the values determined by
simulation.
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3a dorlomoz0K0  crieyiasnizosaHo20  rpozpam-
Ho20 3abe3neqeHHs], siKke BUKOPUCMOBYEMBCS
B MawuHoBydyBaHHi, Gy/10 CMBOPEHO He3a-

NiexHUl MoOy/ib 015 iMimauii’ yoapy M 0soma
JII0OCLKUMU mifiamu. Takum YUHOM, Bpaxosy-
104U B1acmuBoCMi Mamepiasy, saacmusi misy
JIOOUHU, MOYaMKOBi WBUOKOCMI, KoegbiyieHmu
BIOHOB/IEHHST | Mepmsi, cmBopeHuli Mody/ib
MO)e 3a0asamu 3Ha4eHHs1 wsudkocmel i rpu-
CKOpPEeHb ic/1s1 yoapy, mifl, 3HaYeHHs Yux Wsuo-
Kocmell i NPUCKOPeHb | MaKCUMasIbHUX Harpy-
JKeHb. SIKi BUHUKAHOMb, & MaKox po3matuysaHHsi
Yux HanpyxeHb. TeopemuyHi 3Ha4eHHs1 Wsuo-
Kocmeli MopigHIOBasIU 3 eKCriepUMEHMasIbHUMU,
rpoBsodsiyU BIOMOBIOHI BUMPAB/IEHHS A/1s1 nepe-
BIPKU Mpo2pamMHO20 MOOY/1sl. 3imKHEeHHs] 0BOX
CropmcMeHi8 MoXHa po3sa/isioamu 3 080X 103U-
yitl, @ came: 3 Mo4KU 30py CrIOPMUBHUX Pe3y/ib-
mamig i 3 mo4Ku 30py mpasM, SiKi MOXymb
BUHUKHYMU 'y CMOPMCMEHI8. 3 mo4kU 30py
MPOOYKMUBHOCMI, cusia yoapy sax/iusa y Biflb-
Hill 6opomb6i abo 2peKo-puMChKili 6opomsobi,
cymo, pe2bi mowjo, i MoXe 3p0bumu Pi3HUYO
MK repeMoxuyem i repeMoxeHuM. Hasmnaku,
mpasmu, BUK/IUKAHI CU/IOH y0apy, iHOOI MOXYmb
6ymu documb ceplo3HUMU, WO BUMAa2aromb
mpusasux nepiodig 2ocnimasisayii ma 8ioHOB-
JIeHHS. BipmyasibHe MoOesitoBaHHs, 3acHOBaHe
Ha BIOMOBIOHOMY MPO2PaMHOMY 3a6e3rneHeHHi,
003B0/15IE MPEHEPY Ma MEXHIYHOMY MEPCOHasTy
nidzomysamu  CrIOPMCMEHIB mak, Wob abo
ompumamu resHy cusy yoapy, abo 3MeHwumu
cuny ydapy 3i criopmcmeHamu-CyrnepHUKamu.
pozpamHuli Mody/ib mecmysasiu Ha 3iMKHEeHHSI
080X CriopmcMeHI8 y 2pi pezbi. Tak, 3a 00rMomMo-
2010 KoMaHOU 3 peabi 3 Sccis Mu 3Mo0ernBamu
3IMKHEHHs1 0BOX CIIOPMCMEHIB y criopma3ai ma
eKCrepuMeHmasibHo  BU3Ha4U/Iu  sideoepadpiy-
HUM MemodoM wsudKocmi yoapy, siKi nomim
MOpIBHIOBaAU 3 OMPUMaHUMU 38 O0MOMO200
rpogpamHo20 Mody/isi. [Moyamkosi WBUOKocmi
yOapy, BuUKOpucmaHi 8 npopaMHoMy MOOy/i,
6y/1U BU3HAYEHI eKCriepUMEeHMasibHO. SHaYeHHS,
ompumaHi 95151 wsudkocmel /IACbKUX Mmin
nic/as 3iMKHeHHs1 3a 00MOMO20I0 NPOo2PamMHO20
MOOY/ISI, W/ISIXOM MOOE/TIOBaHHSI, Oyxe 6/1Uu3bKi
00 OmMpUMaHUX Mpu  exKcrnepuMeHmasTbHUX
BUMIpIOBaHHsX. Ha malbymHe Mu npasHemo
BOOCKOHa/Iumu yel npoapamHuli Modysib, Mpo-
BOOSIYU EKCrIepPUMEHMA/TbHI BUMIPIOBaHHS 110
yac CriopmusHUX 3MacaHb ma MOPIBHIOYU iX
i3 3HaYEHHSIMU, BU3Ha4YeHUMU 3a OOMOMO200
MOOE/IOBAHHSI.

KniouoBi cnoBsa: 6iomexaHika, WBUOKICMb,
cuna, yoap, MpodyKmusHIiCmMb, mpasma.

The issue of the collision of two athletes started
from the studies carried out in the automotive engi-
neering related to the impact between a human body
and an inert rigid body. Thus, the impact between the
head of an athlete without a helmet and an another
body was analysed using finite element analysis [1; 2;
3], to observe the distribution of mechanical stresses
in the skull. Kinematic analysis for the impact of the
human head and another body can be performed with
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Model-Based Image-Matching (MBIM) method [4; 5].
There can be serious consequences for human head
trauma, including concussion [6; 7; 8; 9].

The mathematical modeling of the impact dur-
ing the game of two human subjects, performed on
the basis of the law of conservation of mechanical
momentum and restitution coefficient, allows the cal-
culation of athletes' speeds after collision and the
average percussive force [10; 11; 12]. The average
percussive force is related to the variation of the
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mechanical impulse in the collision, it being depend-
ent on the mass of the subject and on the velocities of
the subject immediately before and after the collision.
Characteristic for the movement during the collision
is the sudden variation of the velocity in the short
time interval that lasts this phenomenon. As a con-
sequence, the magnitudes that characterize motion
(respectively momentum and kinetic energy) also
vary greatly. Collision of two objects or two human
subjects is a process taking place in a very short time.
During this action, on the two human subjects a very
big percussion force acts, representing the force of
reciprocal pressing of the impacting bodies. During
the impact, the percussion force is subjected to very
big variations. The exact mathematical law of varia-
tion is relatively difficult to evaluate. Usual calculus
is using an average percussion force, that is defined
as a percussion force causing the same effect as the
real percussion force.

Graphic software module

To represent the collision of two athletes, a generic
model of a human subject was first created, using
a CAD program of 3D construction of objects. This
model can be customized, depending on the general
body dimensions of the athlete, as well as the weight
or biomechanical characteristics of "material" of the
body (mass density, average modulus of elasticity,
Poisson's ratio, etc.).

With the help of the equations of motion, two bod-
ies have been defined that approach each other, with
different velocities and that collide.. As initial data
for the impact, the velocities before the collision, the
relative position between the two athletes, the coef-
ficients of friction with the ground and the restitution

coefficient to collision between the two subjects were
introduced.

As output data, the graphics module provides the
following information for each athlete:

« athletes' velocities after the collision, these being
given both in terms of the x, y and z components, and
in terms of the resulting velocity;

« athletes' accelerations, in the same way as
velocities;

« the distribution of mechanical stresses in the two
bodies during the collision, which allows the calcula-
tion of the maximum impact force.

The simulations can be performed immediately, by
modifying the input data, the program offering the data
of interest, kinematic for the sports coach, regarding
the performance and the mechanical tensions, for the
sports doctor, regarding the injuries that can occur.
Figures 1 and 2 show two sequences of the software
graphics module, which show values with input data
and impact velocities graphs, respectively.

In the same way you can see the graphs corre-
sponding to the accelerations of the two athletes. If
desired, activating the option of "finite element anal-
ysis", denoted "FEA", determines the distribution of
equivalent mechanical stresses von Mises in the two
generic bodies representing the two athletes.

Results and Discussion

A total of 52 rugby players took part in the experi-
ment, grouped in pairs so that we had 26 teams. For
each team, a video recording of the collision was
made in the gym. Some of these records have been
removed due to the fact that they did not guarantee a
real collision. In the end, twenty recordings with real
collisions resulted, which were processed.

Figure 1. Sequence with input data
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Figure 2. Sequence with kinematic analysis

For the experimental determination of velocities
immediately before impact and immediately after
impact, the videographic method was used. The video
recordings were fragmented into sequences and then
each sequence was processed using specialized
software (Microlmage). By determining the distance
in pixels between two successive sequences of land-
marks fixed on athletes, the velocitiess in pixel/second
could be calculated. After the calibration performed,

by which the [millimeter/pixel] transformation coef-
ficient was calculated, the distances and velocities
in the International System of units of measurement
could be determined, respectively meters and meter/
second.

In the Graphic Software Module (GSM), the val-
ues of the speeds before the collision were entered
as input data, determined experimentally. For the cal-
culation of velocities immediately after the collision,

Table 1

Collision velocities before and after impact

The number Experimental determination GSM determination
of the team v, [mIs] v, [mis] u, [mis] u, [mis] v, [mis] u, [mis]
1 10.241 8.439 1.260 1.610 8.442 1.607
2 12.067 7.229 1.317 2.253 7.233 2.264
3 9.682 13.487 2.335 1.562 13.547 1.577
4 13.636 6.121 1.470 2.895 6.060 2.941
5 6.820 12.697 2.549 1.422 12.891 1.353
6 13.440 10.721 1.668 2.202 10.767 2.192
7 10.231 11.531 1.824 1.496 11.554 1.566
8 12.921 8.762 1.311 2.201 8.776 2.124
9 13.700 10.397 1.335 1.958 10.434 1.976
10 7.881 10.980 1.946 1.328 11.020 1.330
11 13.322 8.649 1.371 2.301 8.656 2.290
12 13.020 8.212 1.400 2.296 8.215 2.347
13 11.459 10.332 0.955 1.169 10.325 1.178
14 13.881 6.995 1.343 2.509 7.021 2.708
15 12.163 10.334 0.841 1.201 10.354 1.196
16 12.980 5.328 1.344 2.901 5.331 2.874
17 13.010 6.121 1.411 2.770 6.125 2.761
18 12.991 10.495 1.644 2.123 10.500 2.133
19 6.448 11.211 2.052 1.132 11.221 1.121
20 12.769 8.691 1.301 2.113 8.661 2.107
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Figure 3. Velocities values v,

the following mathematical relations were used in

GSM [10; 11]:
v, =, _w, 1)
1+
m,
4, =y, + W owIER) @
1+
m

where: m,, m, — the masses of the colliding
bodies;

vy, U, — bodies velocities at the beginning of the
impact;

V,, U, — bodies velocities at the end of the impact;

R — restitution coefficient to collision.

Table 1 shows the values of the collision velocities
determined experimentally and by GSM.

If the values for v, and u, obtained experimentally
and with the help of GSM are analyzed, it is observed
that they are within an admissible error limit. By plot-
ting the graphs of these speeds depending on the
collision team, it can be seen that the two graphs,
experimental and GSM, are practically overlapping,
so that the Graphic Software Module can be validated
from this point of view.

Figures 3 and 4 show the variation graphs for v,
and u,, experimental and obtained with GSM. In the
graphs, on the abscissa axis are the values repre-
senting each collision team and on the ordinate axis
are the values of the corresponding velocities.

Large differences can occur when the necessary
changes are not made to the coefficient of friction
with the ground, when simulating special play situa-
tions, on wet ground, for example. In these cases, the
value of the coefficient of friction must be modified
according to the recommendations in the literature.

Conclusions

The Graphic Software Module can prove its use-
fulness in the theoretical preparation of matches,
knowing that performance requires both physical
training, as well as intellectual and mental training.
Awareness of possible risks, the need to obtain
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Figure 4. Velocities values u,

certain parameters of motor skills, through training, to
achieve performance and the "criterion of collision”,
visualization of possible situations by simulation, etc.,
all together can lead to adequate theoretical training
to achieve performance.

Using the biomechanical analysis of the collision
of two sportsmen, such as the case of two rugby play-
ers could be useful to a coach in defining the struc-
ture of a team.

The GSM could be used in Sports Medicine in
order to evaluate and prevent possible accidents. In
this case, the simulations using the calculated bio-
mechanical parameters and the anthropological data
of the sportsmen could eliminate unwanted situations
causing accidents.

Mathematical modelling of the impact of two ath-
letes can help a trainer in preparing the team for com-
petition. Thus, on the basis of some video records
of opposite team, the velocities developed during a
game by the players of that team can be determined
and then entered into GSM for analysis.

At the same time, knowing the value of the aver-
age percussion force, on the basis of impact duration
approximation, the sport physician may specify if acci-
dent may occur or not. The best variants, both concern-
ing the lesions and the performance, can be chosen.
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