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Abstract 

For a process optimization it is necessary a scientific describe of this. Any subjective aspect calls off 
any effort in this way. The final limit of abstraction is the mathematic model of considered system and 
process. In the last years there are many attempts to achieve the mathematical model of human body in 
various motions. Our interdisciplinary efforts are directed to build up a valid biomechanical model of a 
gymnast in the backward longswing on rings. 

 
1. INTRODUCTION 
 
The figure 1 shows a scheme of the analyzed motion with its principal stages. 

 
Fig. 1 

 
On the mechanical point of view the system has four independent segments (fig. 2):  
- the rings and cables = one-dimensional element with linear viscoelastic behavior 

(EL): ( ) xCxBxxF && 11 −−=, ; 
- the arms = one-dimensional element with nonlinear viscoelastic behavior (EN): 

( ) xCxBxAxxF && 11
2

1 −−−=,  
- the torso+head and legs (foots+shanks+thighs) = two one-dimensional element with 

rigid behavior (ER). 
All the four elements are articulated on ideal rotation joints. 

              
Fig. 2 

In figure 3 it is presented the geometrical model of gymnast with analytical and 
mechanical notes adequate for the study. 
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Fig. 3 

 
2. MOVING EQUATIONS 
 
These equations are deduced with the aid of Lagrange’s equation: 
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The analytical expressions of the terms are deduced in succession.  
- kinetic energy: 
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In the final of calculus the kinetic energy are obtained as a symmetric square form: 
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where: 
{ } [ ] Tddq 214321 θθθθ=  - matrix 6x1 of generalized coordinates  (5)
{ } [ ] Tddq 214321

&&&&&&& θθθθ=  - matrix 6x1 of generalized velocities   (6)
[ ]a  - matrix 6x6 of square form coefficients: 
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with noting 
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- generalized forces: 
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where 
pFFF
rrr

...,,, 21  - potential force: pnUgradF nnn ,1, =−=
r
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generalized forces are given by the following expressions: 
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- potential energy: 
rotelgr UUUU ++=  (12)

where 
grU  - potential of gravitational forces; 

elU  - potential of elastic and viscous forces; 

rotU  - potential of joint moments. 

It is obtained:  
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- unpotential generalized forces: 

62226

1262511222115

4

3

2

1

2

1

4

3

2

1

)cos()cos(

0

;0

;0

;0

qCdCQQ

qqqCqCdCdCQQ

QQ

QQ

QQ

QQ

d
nepot

d
nepot

nepot

nepot

nepot

nepot

&&

&&&&

−=−=≡

−−−=−−−=≡

=≡

=≡

=≡

=≡

θθ

θ

θ

θ

θ

 (14)

The moving equations write now in matrix form below: 
[ ]{ } { } [ ]{ } [ ] 0=++ CqBqqA T &&&&  (15)

where matrices and final notations are: 
{ } [ ] Tddq 214321 θθθθ= ,   { } [ ] Tddq 214321

&&&&&&& θθθθ= ,    { } [ ] Tddq 214321
&&&&&&&&&&&&&& θθθθ=  (16)
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3. NUMERICAL SIMULATION 
 
The numerical values implicated in biomechanical model validation are real. These 

values agree with a gymnast (O. B.) participant in the many international contests: 
- sex: male; 
- age: 20 age; 
- typology: Caucasian; 
- weight: kgm 303,67=  
- high: mh 720,1=  
Based on these primary numerical values, Dempster’s formulas, an own calculated 

program and the literature it estimated anthropometrical values implicated in equations 
(15):  
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Table 1 
Anthropometrical parameter  

Segment 
length, li 

(m) 
weight, mi 

(kg) 
center of weight 
position,  ri (m) 

coefficient 

i

i
i l
r

p =  
principal inertial 

moment, Ji (kgm2) 

2 - arms 0,695 3,365 0,355 0,511 26,964 
3 - torso+head 0,543 38,901 0,127 0,234 162,355 
4 - legs 1,177 25,037 0,410 0,348 21,160 

 
Table 2 

Equation parameter Value Source  
A2  24.855 N/m *) 
B2  11.447 N/m *) 
C2  1.901 Ns/m *) 

m1 – cables with rings weight 35,500 kg direct measures and calculus 
l1 – cable with rings length 3,200 m direct measures and calculus 

r1 - center of weight position of cables with rings  2,972 m direct measures and calculus 
p1  0,929 direct measures and calculus 

J1 – principal inertial moment of cables with rings   319,780 kg m2 direct measures and calculus 
B1 24.372 N/m international standard, *) 
C1 2.608 Ns/m international standard, *) 

*) M. R. Yeadon, M. A. Brewin, Journal of Biomechanics, 36/2003, p. 545-552 
 
The numerical variations of joint moments were obtained from videocomputing 

method (Fig. 3a). Such variations are impossible to describe analytical; so these were 
approximate by Heaviside function (variations on steps - Fig. 3b): 

 

                 
 

Fig. 3a                                                                  Fig. 3b 
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 (20)

Finally, with all these numerical values and variations, the system of equations (15) 
was integrated by Runge-Kutta fourth order method. The computing simulation was made 
by an own program. In the next figure we captured the variation of the motion parameters 
versus time. 
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Fig. 4 

  
4. CONCLUSIONS 
 
Validation of the model consists in the comparison of the results of the simulation with 

the practical results. The research in this field has just begun in the last years and there 
are not many available data. 
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