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Uloha pro cvicCeni:

Jakou silou se musi drzet
sgymnasta hrazdy pri veletoci
aby nespadl?



Exercise:

With what force must a gymnast hold onto the
horizontal bar during a giant swing so that they
do not fall?



VeletocC / Giant Swing

High Bar Basic Giant | Gymnastics Training | Pukhraj Gymnast

https://www.youtube.com/watch?v=n8b3MUhJdYI&t=2s



Rozbor:

Kterym externim silam musi gymnasta
odolat?

1) Gravitacni sila — tiha téla (G)

2) Odstrediva sila tela pri veletoci (F )

Tyto 2 sily se sCitaji pri poloze téla
vertikalné pod hrazdou — t.j. dohromady
nejvetsi sila, které musi gymnasta Celit
je:

F=G+F,



Analysis:

Which external forces should the gymnast
withstand?

1) Gravitational force — body weight (G

2) Centrifugal force during the giant swing (F,)

These 2 forces sum up when the body is hanging
vertically below the bar — i.e. the largest force to
withstand by the gymnast is, together:

F=G+F,



Gravitaéni sila — tiha téla G:

G=m*g [N=Kkg*m/s2]

Pro gymnastu s hmotnosti 70
kg je tiha téla

G=70*981~cca700 N



Gravitatonal force — body weight G:

G=m*g [N=Kkg*m/s2]

For a gymnast weighting 70 kg the
gravitational force is

G=70%981~cca700 N



Rozbor:

Kterym externim silam musi gymnasta
odolat?

1) Grav1tacn1 s1la tlha téla (G)

Tyto 2 sily se sCitaji pri poloze téla
vertikalné pod hrazdou — t.j. dohromady
nejvetsi sila, které musi gymnasta Celit
je:

F=G+F,



Analysis:

Which external forces should the gymnast
withstand?

1) Gravitational force — bodv weight (G
2) Centrifugal force during the giant swing (F,

These 2 forces sum up when the body is hanging
vertically below the bar — i.e. the largest force to
withstand by the gymnast is, together:

F=G+F,



Dostrediva sila pri veletoci (F,):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv%C3%A1 s%C3%ADla

‘)
F, =m * r {0?) [N = kg*m/s?]

cela hmotnost téla m, které je ve vzdalenosti r od hrazdy a které se
otaci uhlovou rychlosti o.

Jaka je uhlova rychlost téla pri veletocCi?



Centrifugal/Centripetal force during giant swing (F,):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv%C3 %A1 s%C3%ADla

For the calculation we reduce the human body to the center of mass
(CoM), where all the body mass m is concentrated. The CoM is at the
distance r from the bar and it rotates with angular velocity o.

What is the angular velocity of the body during giant swing?



Jaka je uhlova rychlost téla pri veletoci?

Lze zmérit z video zaznamu sportovce

Odhad:
1 otocka za sekundu.

Je treba vyjadrit v radianech za sekundu:

® = 2 pi [rad/s]



The angular velocity of the body during giant swing:

Can be measured from a video recording of a
gymnast

Estimate:
1 rotation cycle per second.

Needs to be expressed in radians per second:

® = 2 pi [rad/s]



Dostrediva sila pri veletoci (F,):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv%C3 %A1 _s%C3%ADla

?

F, =m *@6)2 [N = kg*m/s?]

Y W o\

koncentrovana celé hmotnost téla m, které je ve vzdalenosti r
od hrazdy a které se otaci uhlovou rychlosti o.

YW W 0\

Jaka je vzdalenost tézisté téla od hrazdy?



Centrifugal/Centripetal force during guant swing (F,):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv%C3 %A1 s%C3%ADla

‘)
F, =m ‘©? [N =kg*m/s?]

For the calculation we reduce the human body to the center of mass (CoM),
where all the body mass m is concentrated. The CoM is at the distance r
from the bar and it rotates with angular velocity .

What is the distance of body CoM from the bar?



Poloha segmentu ve visu

V jaké vzdalenosti od
hrazdy r je tézisté téla ? 1 Q +
i

Lze zjistit z polohy a

W W * W

segmentu, nebot’ plati:

r*m=ml*rl + m2+r2 +... + m14-ri14




Positions of segments in a hanging-down body

What is the distance r of

the body center of mass 1 +
(CoM) from the bar ? Q
i

Can be determined from the
CoM positions of all the
individual segments,
because 1t holds:

r*m=ml*rl + m2+r2 +... + m14-ri14




Poloha segmentu ve visu

ml m2
V jaké vzdalenosti od m3 g
hrazdy r je tézisté téla ? -
e . n mé6
Lze zjistit z polohy a
hmotnosti t€zist’ vsech
segmentil, nebot’ plati: m8
+m9 m10
r*m=ml+*rl + m2*r2 +... + m14+*ri4
mll ml2
Amiz Dami4




Positions of segments in a hanging-down body

What is the distance r of
the body center of mass
(CoM) from the bar ?

Can be determined from the
CoM positions of all the
individual segments,
because 1t holds:

r*m=ml*rl + m2+r2 +... + m14+r14
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Poloha segmentu ve visu

V jaké vzdalenosti od
hrazdy r je tézisté téla ?
Lze zjistit z polohy a

W W * W

segmentil, nebot’ plati:

r*m=ml*rl + m2+r2 +... + m14+r14

rl=r2=90
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Positions of segments in a hanging-down body

rl=r2=90

What is the distance r of
the body center of massy
(CoM) from the bar ?

Can be determined from the
CoM positions of all the
individual segments,
because 1t holds:

r*m=ml*rl + m2+r2 +... + m14+r14
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Poloha segmentu ve visu

Jak urcime vzdalenosti
tézist r,_ pro jednotlivé
segmenty téla?

1) Ur¢ime delku vSech
segmentu L, pro
specifickou vysku ¢lovéka
H podle znamych
koeficientu (viz Winter,
1990; Janura obr. 10 — dalsi
slide)

(Ptipadné lze zmérit
individualng na svém téle)
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Positions of segments in a hanging-down body

rl=r2=90

Determining the CoM
distances r_ for the
individual segments:

1) Find the lengths of all
the segments L. for the
known body height H using
the known coefficients
(Winter, 1990; Janura Fig.
10 — next slide)

(Or, you can measure it
directly on your body)
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Poloha segmentu ve visu

Jak urcime vzdalenosti
tézist r,_ pro jednotlivé
segmenty téla?

1) Ur¢ime delku vSech
segmentu L, pro
specifickou vysku ¢lovéka
H podle znamych
koeficientu (viz Winter,
1990; Janura obr. 10 — dalsi
slide)

+m9 ml0

(Ptipadné lze zmérit | |
S e i1 1 , v mil 4 ml2
individualng na svém téle)
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Positions of segments in a hanging-down body

Determining the CoM
distances r_ for the
individual segments:

1) Find the lengths of all I
the segments L. for the
known body height H using I m8
the known coefficients J

(Winter, 1990; Janura Fig. | |
10 — next slide)

+m9 m10
(Or, you can measure it
directly on your body) S
#lm13 'h: ml4




Rozméry segmentiu — délkové charakteristiky
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Size of segments — length parameters
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Poloha segmentu ve visu

Jak urcime vzdalenosti
tézist r,_ pro jednotlivé
segmenty téla?

2) Zjistime koeficienty pro

W W * W

segmentl vuci délce
segmentu L, z tabulkovych
hodnot (viz Janura obr. 15

— dalsi slide)

m10

b mi1l 4 ml2
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Positions of segments in a hanging-down body

Determining the CoM
distances r_ for the
individual segments:

2) We determine the
coefficients for calculating
the position of the CoM of
the segments relative to the
segment length L, from
tabulated values (see

Janura, Fig. 15 — next
slide).
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Tézisté segmentu

M. Janura. Uvod do biomechaniky
pohybového systéemu ¢lovéka,
Olomouc: Univerzita Palackého v
Olomouci, 2007, obr.15.

Procentualni vyjadfeni polohy tézist
segmentl lidského téla podle prace
SuSanka (1980) in Karas et al. (1990)

W W W

déli segment v poméru 2:3 (mensSi cast u
proximalniho konce segmentu)

e 43%

57%




Segmental
centers of mass

Fig. 15, Janura: Expression of the location
of COMs of human body segments in
percent. After Susanka (1980) in Karas et al.
(1990) .

Note: For the foot segment, there is a rule
that the CoM divides the segment with the
2:3 ratio (smaller part is at the proximal end
of the segment)

) a3% |

57%




Poloha segmentu ve visu

rl=r2=0
V&4 r o W W e\ Xl ml mz
Jak urcime vzdalenosti tezist |r35 "
r, pro jednotlivé segmenty tm3  md
téla? L“S "' 'l'

M6

W W * W

r8

segmentu L a vzdalenosti
koncu segmentu od hrazdy - m8

W W * W

kazdého segmentu od hrazdy r, .

Napf. plati: N

b mi1l 4 ml2
re = X;+ L;+ L+ 0.42*L
g = X117 Lyt Ls 8 P N L

kde X1 = 039*L1 (viz obr.15 Janura)



Positions of segments in a hanging-down body

rl=r2=90
x1 |m m2
Determining the CoM 3 1
distances r_ for the individual im3  md
segments: L"S "' 'l'

(|
£ moé

3) Calculate the distances r, from the
CoG positions and from the distances
of the ends of preceding segments Y

r8

from the bar. | m8

For instance:

rs =x,; + L;+ 0.56*L, 0o 110

re =X+ L+ Lo+ 0.42%L,

where x; = 0.39*L, (sce Fig.15 Janura) b mil 4 ml2
__,-i'.m13 ::-_.2114




Poloha segmentu ve visu

V jaké vzdalenosti od
hrazdy r je tézisté téla ?

Lze zjustit z polohy a

hmotnosti  téziSt  vSech

segmentil, nebot’ plati:
r*m=ml*rl + m2+r2 + ... + m14+ri4

tedy
r=ml*rl + m2*¥r2 +... + m14¥r14)/m

PRIBLIZNY ODHAD:

TEZISTE LEHCE NAD
PUPKEM

ccalm




Positions of segments in a hanging-down body

What is the body CoM
distance from the bar?

Can be determined from the Q
CoM positions of all |
segments, because: i

r*m=ml+*rl + m2*r2 +... + m14+*ri4
thus
r=ml*rl + m2*¥r2 +... + m14¥r14)/m

ROUGH ESTIMATE:

COM SLIGHTLY ABOVE THE
BELLY BUTTON

c. 1 m




Té

N 0\

718

té téla/ CoM calculation

http://biomech.ftvs.cuni.cz/pbpk/kompendium/bi
omechanika/geometrie teziste vypocet.php
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Odstrediva sila pri veletoci (F,):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv% C3%Al s%C3%ADla

F;,=m*r*o? =
=70 kg * 1 m * (2 pi)?=

~ 2763 N



Centrifugal force during giant swing (F;):

http://cs.wikipedia.org/wiki/Dost%C5%99ediv% C3%Al s%C3%ADla

F;,=m*r*o? =
=70 kg * 1 m * (2 pi)?=

~ 2763 N



Rozbor:
Kterym externim silam musi gymnasta odolat?

1) Gravitacni sila — tiha téla (G)
2) Odstrediva sila téla pri veletoci (F )

Tyto 2 sily se scitaji pri poloze téla vertikalné pod
hrazdou — t.j. dohromady nejvétsi sila, které musi
gymnasta Celit je:



Analysis:

Which external forces should the gymnast
withstand?

1) Gravitational force — body weight (G)
2) Centrifugal force during the grand circle (F,)

These 2 forces sum up when the body is hanging
vertically below the bar — i.e. the largest force to
withstand by the gymnast is, together:



Maximalni sila pri veletoci:
(hruby odhad)

~ 700 + 2800

=3500 N



Maximal force during a giant swing:

(rough estimate)

~ 700 + 2800

=3500 N
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