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Abstract:  The paper presents a method for the calculus of the motion of an mechanical system. For a system with five 

elements are obtained the relations for the calculus of the velocities and accelerations. The body free diagram is used to 

obtain the mbasket-ball player.  
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1. INTRODUCTION  
 
The paper presents a mechanical model for the study of the motion of a basket-ball player [1],[2],[3]. The model 
use the free body diagram of the system in order to obtain the motion equations for the player [4],[5],[6].  
 
 
2. KINEMATICS  AND CONSTRAINS 
 
The positions of the mass center of the elements are: 

;1111 clxC α=    

;1111 slyC α=  

;222112 clclxC α+=  

;222112 slslyC α+=  

;33322113 clclclxC α++=  

;33322113 slslslyC α++=  

;4443322114 clclclclxC α+++=  

;4443322114 slslslslyC α+++=  

;555443322115 clclclclclxC α++++=  

;555443322115 slslslslslyC α++++=  

;55443322116 clclclclclx ++++=  

;55443322116 slslslslsly ++++=  

 
 
 
 

 
Figure 1. Mechanical model 
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Figure 2. Free body diagram 

 

;11111 ωα slxC −=&  

;11111 ωα clyC =&  

;22221112 ωαω slslxC −−=&  

;22221112 ωαω clclyC +=&  

;33332221113 ωαωω slslslxC −−−=&  

;33332221113 ωαωω clclclyC ++=&  

;44443332221114 ωαωωω slslslslxC −−−−=&  

;44443332221114 ωαωωω clclclclyC +++=&  

;55554443332221115 ωαωωωω slslslslslxC −−−−−=&  

;55554443332221115 ωαωωωω clclclclclyC ++++=&  

;5554443332221116 ωωωωω slslslslslx −−−−−=&  

;5554443332221116 ωωωωω clclclclcly ++++=&  

;2
111111111 ωαεα clslxC −−=&&  

;2
111111111 ωαεα slclyC −=&&  

;2
22222222

2
1111112 ωαεαωε clslclslxC −−−−=&&  

;2
22222222

2
1111112 ωαεαωε slclslclyC −+−=&&  

;2
33333333

2
222222

2
1111113 ωαεαωεωε clslclslclslxC −−−−−−=&&  

;2
33333333

2
222222

2
1111113 ωαεαωεωε slclslclslclyC −+−+−=&&  

;2
44444444

2
333333

2
222222

2
1111114 ωαεαωεωεωε clslslslclslclslxC −−−−−−−−=&&

;2
44444444

2
333333

2
222222

2
1111114 ωαεαωεωεωε slclslclslclslclyC −+−+−+−=&&

;2
55555555

2
444444

2
333333

2
222222

2
1111115 ωαεαωεωεωεωε clslclslclslclslclslxC −−−−−−−−−−=&&  

;2
55555555

2
444444

2
333333

2
222222

2
1111115 ωαεαωεωεωεωε slclslclslclslclslclyC −+−+−+−+−=&&  

 
The previously obtained relation can be written as: 
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{ } [ ]{ } [ ]{ }221 ωε AAa +=  . 
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3. DYNAMICS AND MOTION EQUATIONS 

 
If we denote with: 

[ ]
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The inertia matrix, the motion equations are: 

[ ]{ } { }Qam = , 

or, if we take into account the form of acceleration: 

[ ] [ ]{ } [ ]{ }( ) { }QAAm =+ 2
21 ωε  

If we premultiply the system with [ ]TA1  we have: 

[ ] [ ] [ ][ ]11 AmAM
T=  

where the elements of the [ ]M are: 

( )
( )
( ) ( ) ;;

;
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)(

55155115544144114
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If we denote:  

[ ] [ ] [ ][ ]21' AmAM
T=  

we can to obtain  the element of the [ ]'M  matrix: 
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Matrix [ ]'M  is skew-symmetric.  

The loads vector is: 
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If we premultiply this vector with [ ]TA1  we obtain: 
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It results the motion equations: 

[ ]{ } [ ]{ } [ ] { }QAMM
T

1
2' =+ ωε  

or: 

[ ]{ } [ ]{ } { } { }Gext MMMM −=+ 2' ωε  

The vector of the external moments become: 
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{ } [ ]{ } [ ]{ } { }Gext MMMM ++= 2' ωε  . 

To compute the normal force acting on the horizontal plane it is necessary to sum the equations 2, 5, 8, 11, 14. 
To do this we premultiply the system with: 

[ ]010010010010010}{ =YA  

{ }[ ][ ]{ } { }[ ][ ]{ } { }{ }QYAAmYAAmYA =+ 2
21 ωε  

from where: 

{ }[ ][ ]{ } { }[ ][ ]{ }22154321 ωε AmYAAmYAGGGGGYA ++++++=  . 

 

 

4. CONCLUSIONS 
 
The measurement made with the Kistler table show a good agreement between the computed results and the 
experimental results.  
 
 
ACKNOWLEDGEMENTS 
 
This paper is supported by the Sectoral Operational  Programme Human Resources Development (SOP HRD), 
financed from the European Social Fund and by the Romanian Government under the contract number 
POSDRU/89/1.5/S/59323. 
 

 

REFERENCES 
 
[1] HABA, P.S., - „Biomechanical analisys of the free throws in basketball game” – în curs de apariţie în 
volumul din octombrie 2011 al International Conference Research and Innovation in Engineering-Brasov. 
[2] MUNTEANU ,M.V., GUIMAN, V., HABA,P.S., “Modele cinematice şi dinamice pentru analiza sistemului 
uman” Simpozion Naţional Tendinţe Moderne în Mecanică, mai, 2005. 
[3] MUNTEANU ,M.V., GUIMAN, V., HABA,P.S., BURCĂ,I., “O identificare cinematică a mişcărilor 
alergătorului de garduri”. Simpozion Naţional Tendinţe Moderne în Mecanică, Braşov, mai, 2005. 
[4] VLASE, S., “Mecanica. Cinematica”. Univ. Brasov, 1993. 
[5] VLASE, S., “Mecanica. Statica.” Ed. INFOMARKET, 2003. 
[6] VLASE, S., BURCA, I., TOFAN, M., “Analiza virtuală a mişcărilor atletice. Trecerea peste garduri”. 
Sesiunea de comunicări a Facultăţii de Educaţie Fizică şi Sport, Braşov, februarie 2005. 
 

 


