Evaluation of the force field rotor in highly
skilled martial artists when moving using
the shuttle method
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Abstract
Objective of the study was to identify the characteristics of the rotational force field in which the center of mass of athletes

shifts during shuttle-like movements.

Methods and structure of the study. It is assumed that the athlete's center of gravity moves in a force field F , Created by
the athlete and gravity. For the study, the shuttle method of movement was used. The demonstration of movement was carried
out by two athletes qualified as a master of sports in jiu-jitsu.

Results and conclusions. The rotor of the force field, which is the athlete's center of gravity during the shuttle movement,
is not fixed in time. For different athletes, the rotor's change from the coordinate can be either identical or opposite. Conse-
quently, we can discuss a range of biomechanical parameters and characteristics that correspond to the correct technique,
and we can also talk about various versions of the correct technique for executing the movement. A technical error refers to
an action that prevents the subsequent motor task from being completed or involves an unnecessary expenditure of energy.

Keywords: biomechanics of martial arts, jiu-jitsu, shuttle movement.

Introduction. Bibliometric analysis of publications
shows that scientific research on martial arts consti-
tutes only a small share of all scientific information
available in the field of sports sciences. A clear short-
age is also felt in research on the biomechanics of
technical and tactical actions.

Objective of the study was to identify the charac-
teristics of the rotational force field in which the center
of mass of athletes shifts during shuttle-like move-
ments.

Methods and structure of the study. It was sug-
gested that the center of gravity of each athlete is lo-
cated in the force field ﬁ, created by the athlete’s ef-
forts.

Research objectives:

- to plot the trajectory of the center of gravity of
each athlete during movement;

- to calculate the rotor of the force field of each ath-
lete;
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- to evaluate the features of the twisting of the force
field during movement in the shuttle method for highly
qualified athletes.

The rotor of the force field is a value characterizing
the degree of twisting of the force field:
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The first term characterizes the rotation around the
O, axis, the second around the O, axis, and the third
around the O, axis. Since the experiment considered a
two-dimensional image, the formula contains only one
term, which describes the rotation around the O, axis,

perpendicular to the plane of the drawing:

rot X F = (—y~-—~—")e
dx dy 2

(2)

The study was conducted using the «shuttle» move-
ment method. The movement was demonstrated by
two athletes with the qualification of master of sports
in jiu-jitsu. The mass of one athlete (N2 1) was 52 kg,
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the second (N2 2) 85 kg. This difference was taken
in order to more clearly demonstrate the differences
and similar elements in the exercise performed by two
qualified athletes. A similar selection of subjects was
used in the experiment described in the article «Diver-
gence of the force field during the process of move-
ment using the «Shuttle» method, published in N2 1
for 2025». Cyclograms with a time interval of 0.04 sec-
onds were cut out from video recordings of movement
using the «shuttle» method. The centers of gravity of
each body segment were marked on them, the trajec-
tory of the center of gravity of each of the athletes was
constructed. Then, an estimate of the displacements
of the center of gravity between the cyclograms rela-
tive to the coordinate axes was calculated. The projec-
tions of the velocities and accelerations of the centers
of gravity were determined. The force acting on the
athlete’s center of gravity was determined using New-
ton’s second law. The change in force was determined
as the difference in force values between two adjacent
cyclograms. The final formula for calculating the rotor
value was:

FoE % F’. _ (Fyi“Fy(i—l] _ in“Fx(i—l))
Xi—Xi-1 Yi=Yi-1

(3)

where F - F . is the difference in the projections
of the values of the force acting on the center of gravi-
ty between two adjacent cyclograms onto the ordinate
axis, x; - X — is the difference in the values of the
coordinates along the O, axis between two adjacent
cyclograms, F - F . —is the difference in the pro-
jections of the values of the force acting on the center
of gravity between two adjacent cyclograms onto the
abscissa axis, y - Yy~ is the difference in the values
of the coordinates along the Oy axis between two adja-
cent cyclograms.

Figure 1 shows the changein rot x ﬁ, depending on
the x coordinate during forward movement.

The enormous values of the force field rotor are
striking. For athlete N2 1, the field twist varies from
-359125 H/m to 127968 H/m. For athlete N2 2 from
-68209 H/m to -18069 H/m. Apparently, this is a con-
sequence of the fact that the athlete’s body was con-
sidered a material point identified with the athlete’s
center of gravity when calculating the rotor. In reality,
a significant part of the athlete’s mass was supported
by the tatami and the mass transferred by muscular
effort was significantly less. Therefore, it seems erro-
neous to draw conclusions based on a comparison of
digital indicators. However, it is possible to analyze the

mechanical structure of oscillations.
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Figure 1. Change rot x F , depending on the x co-

ordinate in the process of forward movements of

athletes of the Master of Sports qualification in jiu-

jitsu (solid line — first movement, dotted line — second
movement, dashed-dotted line — third)

Itis evident from figure 1 that the changes in the ro-
tor of the force field have a structure close to oscillato-
ry. In the process of forward movements, the rotor, de-
pending on the x coordinate, can have both minimums
and maximums, that is, we can talk about a different
character of the field twist from movement to move-
ment. At the same time, one cannot help but note a
significant difference in the steepness of the graphs.

Apparently, it is possible to assume the existence
of a certain region of permissible values of the rotor
of the force field (quasi-attractors) [1-3] in which the
center of gravity of the athletes moves. In addition, it
seems more likely that there are several shuttle-type
movement techniques, each of which has aright to ex-
ist.

Figure 2 shows the dependence of the rotor on the
Y coordinates for two athletes.
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Figure 2. Dependence of the twist of the force field

on the Y coordinate during forward movements. a)
athlete 1, b) athlete 2
Solid line — first movement, dotted line — second
movement
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In figure 2, one can observe the absence of twisting
at the top point of the movement or its smallest value.

Figure 3 shows the values of rot x ﬁ, depending
on the x coordinate for backward movements of the

center of gravity.
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Figure 3. The rotor of the force field in which the
center of gravity of the athletes moves when moving
backwards. a) athlete 1, b) athlete 2

Solid line - first movement, dotted line — second

It is evident from figure 3 that the general nature of
the change in the rotor trajectory during the backward
movement is preserved for both athletes. We can con-
fidently speak of a minimum of twisting in each trajec-
tory. Figure 4 shows the change in the rotor depending
on the coordinate along the ordinate axis during the
backward movement.
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Figure 4. The rotor of the force field in which the
center of gravity of the athletes moves when moving
backwards depending on the Y coordinate.

a) athlete 1, b) athlete 2

Solid line — first movement, dotted line — second,
dash-dotted line — third
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We can talk about the minimal twisting of the force
field at the upper points of the trajectories for both
athletes.

Conclusions. The rotor of the force field, in which
the athlete’s center of gravity moves during the shuttle
movement, is not stationary in time. For different ath-
letes, the change in the rotor from the coordinate can
be either the same or the opposite. Therefore, we can
talk about a variety of values of biomechanical param-
eters and characteristics corresponding to the correct
technique, and we can also talk about several options
for the correct technique for performing movement.
A technical error will be understood as an action that
makes it impossible to perform a subsequent motor
task or that entails an unjustified expenditure of en-
ergy.
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