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Swinging leg influence on long jump
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1. Introduction

At long jump event the aim is to jump the dis-
tance as long as possible. Fig. 1 shows how the results of
record jumps changed at world championships [1]. Obvi-
ous is the fact that world records of the men during the last
25-30 years have changed only a few centimeters. It
seems that the limit is already reached. Nevertheless train-
ers and researchers search for the ways to improve these
results further.
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The result of long jump is defined by inrun speed,
take-off power, movement perfection at the flight phase
and jump off. For the development of jump technique a lot
of research works is performed. But too little attention is
paid in them at the influence of swinging leg position dur-
ing take-off phase. The take-off phase at long jump is a
complicated process. It consists of impact type positioning
of the take-off leg, elastic deformation, shift of the rota-
tional axis, kinetic energy distribution of separate parts of
the body due to both active and passive movements of the
swinging leg, etc.

A lot of empirical data on long jump technique
can be found in literature but they do not allow to define
the relationship between the influencing parameters and
results. That’s why many authors researching long jump
technique made mathematical modeling of take-off phase.

The most comprehensive model for long jump
analysis is planar ten segment model. The solution of it
suggests three interesting in methodical aspect conclusions
[2]:

1. the most important part of all the body parts is
of foot joint;

2. at take-off instant the body should develop the
driving rotational moment;

3. at take-off instant the swinging leg should be as
stretched as possible.

The investigation results using ten segment model
partly coincide with the experimental results partly contra-
dict them. It is worth mentioning that movement analysis
using this model from the viewpoint of the variation of
input and controlled parameters is complicated. Because of
this reason and limitations of the aim as well the analysis
of only swinging leg influence was performed — three mass
model was constructed. The foot mobility in foot joint was
taken into account in it. In such model the equations of
kinetic moment and driving moment are written. Making
variation of input and controlled parameters the influence
of swinging leg on long jump is determined.

2. Model of swinging leg movement

For the analysis of swinging leg influence on long
jump three mass linkage type model with rotational
movement possibilities at points 4 and K which correspond
foot and hip joints is constructed. The characteristic leg
position and geometrical structure of the model is pre-
sented in Fig. 2.

Fig. 2 Leg position and swinging leg movement model.
Antropometric parameters: « is distance between hip
joint and mass center of the take-off leg; b is length
of the take-off leg; ¢ is distance between hip joint
and mass centre of swinging leg; d is foot length.
Controlled parameters: ¢ is angle between take-off
leg and horizontal plane; m,, ir m, are concentrated
masses of swinging and take-off legs respectively;
my, is mass of the rest part of the body — head, neck,
body, etc. This mass centre at the take-off phase
changes its angular position in ¢ direction, i.e. it is
swinging. That means that the length / is variable
parameter
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3. Determination of mass centre position

The relationship between the angles and the rest
mass centre velocity at initial position is shown in Fig. 3, a.
Parameters presented in the diagram and other initial pa-
rameters necessary for the model analysis are obtained
from jump kinograms and dynamograms. Angle ¢ which
defines spatial (angular) position of the model is deter-
mined as time function from the law of moments.

b

Fig. 3 Calculation scheme

As it was mentioned above in the process of tak-
ing the take-off position the position of mass centre m
changes. The reason is elastic deformations in human
body. Damping features are also characteristic for the “ma-
terials” of human body. Because of this the linkage type
model can be changed by lumped parameter model consist-
ing of mass damping and elastic elements (Fig.3,b).
Movement of such system along R is described by second
order differential equation [3]

R+26R+w!R=0

here J is damping constant, w, is natural frequency of mass
my, along R.

The distance of mass m to the support R is vari-
able parameter and is determined as

R=R,—ne™” sin(a)dt—y/) (1)

The second member at the right hand side is the
differential equation solution: # is oscillation amplitude, w,
is oscillation frequency of the damped system; w is phase
angle.

At the initial instant of time when 7 = 0, velocity v,
and angle ¢ are known (assumed).

Damping constant J is determined from logarithm
decrement

R(t)/R(t+T)=e”

The ratio of acceleration amplitudes and period 7
are taken from dynamogram. When 7T and J are known
according common formulas of vibration theory oscillation
frequencies — natural and the frequency with damping are
determined:
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It is obvious that at the instant of impact take-off
phase start the take-off acceleration equals to 0. Then from

Eq. (1) making the second order derivative R be equal 0
phase angle is determined

@y

2 2
w; =0

Y = arctan

When Eq. (1) is applied for the model presented
in Fig. 2 it is necessary to take: R=/+b and R, =/, +b.

4. Driving moment determination

The calculation procedure is the following.

1. Mass centre coordinates and the first order de-
rivatives are determined
for mass m,

X, =dcos(p+a)-(b—a)cosp

Y, = —dsin(p+a)-(b—a)sing

X, =—d(p+a)sin(p+a)+(b—a)psing

Y, =—d(¢+c)cos(p+a)+(b—a)pcosp
for mass my

X, =dcos(p+a)-(b+1)cosp

Y, =—dsin(¢)+a)+(b+l)sin¢)

X, =—d(p+a)sin(p+a)-icosp+(b+1)psing

Y, = —d(¢p+ d)cos(p + a)—isingp+ (b +1)pcosp
for mass m,,

X, =dcos(p+a)-bcosp+ccos(p—g,)

Y, =~dsin(p+a)+bsing —csinlp - p,)

X, =—d(p+d)sin(p + o)+ bpsing — c(p— ¢, )x
xsin((p—(pb)
Y, =—d(p+d)cos(p + a)+ bpcosp —c(p — ¢, )
xcoslp—p,)

2. According  formulas and

Smy,

Y, ==
m

are determined

XC — ZmiXi
m

coordinates of mass centres m,, m; and m,,

X

%[md cos(p+a)—c, cosp+c, cos(p— o, )]
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1
= —[— md sin(go + a) +c singp —c, Sin((p -, )]
m
here m=m, +m, +m,, ¢, =mb—-ma+m,l, c,=m,c.
3. For the mass centre kinetic moment or angular
impulse L is determined.
The formula of kinetic energy of a point is applied

for this task — considering mass centre movement about
support point [3]

L= m(xvy - yvx)

here x=X., y=Y,, vszC,vy:YC.

Substituting the necessary parameters to the for-
mula of kinetic moment or the expression of kinetic mo-
ment angular impulse for the mass centre

L= gb(c3 —2dc, cosa + ZCZP)— d[dm —c cosa+
+¢, cos(a+ g, )]d —mydi sina+m, ,(P+c)
4. The first order derivative of kinetic moment in

time is found. It is equal to the searched driving moment
dL = M . After rearrangement it is obtained

L =—¢(c, - 2de, cos a + 2cP) - glde,a sin e —
—c2Q+mkl.(b+l—a’cosoz)]-Z—éé[dm—c1 cos o +
+c, cos(a + o, )]d —a? [cl sino —c, x 3)

x sin(a + @, )Jd — dm, (l sina +1d cos a)—
— ;[ dag, sin(a +p,) - 3,(P+c)+ ¢,0]

The applied designations

cy=md* —m,(b—a) +m,(b+1)] +m, (b+c)
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P=d cos(a + (ob)—bCOS Dy
0=d(c+,)sin(c +@,)~ b, sing,

The moment determined according Eq. (3) equals
to the weight force created moment

L=-mg X :g[mdcos(go—l—ot)+c1 cos ¢ —

—c, cos((p -@, )}

This is the differential equation searched for the
determination of position angle ¢(f). It can be solved by
numerical methods. The solution and modeling results as
well as conclusions will be presented in the next publica-
tion.

5. Modelling results

The model presented allows investigating the
take-off process by changing input and controlled parame-
ters independently on the fact whether such jumps can be
or can not be performed at present. The influence of the
main jump elements — impact at take-off in foot extension
joint, position of the swinging leg and their interaction is
determined. The influence of the effect on swinging leg
dynamics is expressed by dynamo graphs. Such depend-
ences can not be derived (obtained) from the view obtained
by film method.

Theoretical jump lengths depending on angular
acceleration controlled by a sportsman can be determined
also. By this method parameter variation directions allow-
ing to achieve the greatest jump lengths can be determined
and the sustainability resulting from such variations can be
evaluated. For the first time angular impulses are deter-
mined.
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Fig. 4 Modelling positions and dynamogram



Parameter variation (modelling) shows that seek-
ing for higher jump length the swinging leg should perform
several functions:

1. The swinging leg being of the lowest mass
(about 15% of total body mass) and the body part of the
highest mobility accumulates the significant part of kinetic
energy.

2. The accelerated motion of the swinging leg
generates additional pressure to take-off leg. The force
proportions at which the body is effected by the highest
force impulse and more energy it gets at the same period of
contact with the ground can be determined. The effect is
the greater the higher is the acceleration of swinging leg
and the higher is its inertia moment.

3. If motion of the swinging leg is stopped a part
of its kinetic energy is transferred to the body due to what
the foot joint is unloaded and it can be extended faster.
Because of this reason the body mass center trajectory is
lifted and the higher flight angle is achieved.

Conclusions 2 and 3 contradict each other (as they
have the opposite effect) in respect to the jump length. Ac-
cording to the conclusion 2 the modelling shows that ac-
celerating of the swinging leg allows higher jump length. It
can be considered that the moments caused in the foot joint
are such that angular accelerations at the swinging leg ac-
celerating and decelerating phases are of the same values.

At present only realistically achieved values of
the moments at foot joint are available. The modelling re-
sults suggest the necessity to make these values objective.
The influence of low foot angle changes was impossible to
determine up to now (without performing the proposed
modelling).

The resolution to components of the motion of
separate masses enabled by the model proves in vertical
dynamograph that the force maximum at the leg support to
the ground instant is of mechanical origin (mass of the
parts, inertia, movement) but not the result of muscle work.
This force maximum balances the reaction of the foot joint
of take-off leg at the analysed phase. Reactive moment is
an essential element at take-off. The leg support phase
should last as long as possible. A slight concave in the dy-
namograph indicates that that the reaction phase starts at
the right moment.

The modelling shows that the jump length is sen-
sitive to the coordination of the body parts. Optimization
of general motion and flight maintaining by this model is
impossible. For the analysis of knee joint influence the
model improvement is foreseen.
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G. Cizauskas, A. Palionis, V. Eidukynas
MOJAMOSIOS KOJOS [TAKA SUOLIUI [ TOL]
Reziumé

Straipsnyje nagrinéjama mojamosios kojos padé-
ties itaka Suolio i toli rezultatui. Tam tikslui sudaromas
strypinis trijy masiy modelis, leidziantis {vertinti pédos
sanario judruma. Nustacius kiino korpuso svyravimy daz-
nius, apskai¢iuojamos atskiry masiy centry koordinatés, ju
pirmosios i§vestinés, randamos bendrojo masiy centro ko-
ordinatés. Nustatoma kinetinio momento lygtis, kurios
pirmoji laiko iSvestiné Zymi ieSkoma varantjji sukimo
momenta.

G. Cizauskas, A. Palionis, V. Eidukynas
SWINGING LEG INFLUENCE ON LONG JUMP
Summary

The influence of swinging leg on long jump result
is analyzed in the paper. For this purpose three mass link-
age type model is constructed the mobility of foot joint is
evaluated in which. After natural frequencies determina-
tion mass centre coordinates of the separate body parts,
their derivatives of the first order and the coordinates of
general mass centre are expressed. The equation of kinetic
moment the first order derivative in time of which is the
searched driving moment is obtained.

I'. Ymxkayckac, A. [Tanuonuc, B. Diinykunac

BJIMSIHASI MAXOBOIT HOTY HA TIPBIKOK B
JUTMHY

PesmomMme

B craree aHamm3mpyeTcs BIUSHUE ITOJOXKEHHS
MaxoBOW HOTW Ha pe3yJibTaThl NPBDKKOB B UTHHY. s
9TOHM LEenu TNpeIIoxKEeHa CTep)KHEBas TpexmaccoBas Mo-
JIeNb, OLICHUBAIONIasi MOABMKHOCTh CycTaBa cTymHH. Ha
OCHOBE BBIYHCIICHHBIX YacTOT KauyaHMS TYJIOBHIIA MPBITY-
Ha ONpPEJEIISIOTCS KOOPAWHATHI OTAEIBHBIX LEHTPOB Macc
U X TEepBbIE POU3BO/IHBIE, YCTAHABIUBAIOTCS KOOP/IMHA-
ThI 00IIero IeHTpa Macc. [IpuBoauTCS ypaBHEHHE KUHE-
THYECKOTO MOMEHTA M €ro IepBas IPOU3BOJHAsS 10 Bpe-
MEHH, SIBISIONIAsCS HCKOMBIM JIBIDKYIIUM MOMEHTOM
BpaIIeHUs.
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