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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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and: 
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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: 

( )
( )
( ) ( ) ;;

;

;

)(

55155115544144114

5433133113

54322122112

1
2
15432

2
1111

mcllMmmcllM

mmmcllM

mmmmcllM

JlmmmmmM

αα

α

α

α

−−

−

−

=+=

++=

+++=

+++++=

 

( )
( ) ( ) ;;

;

;)(

55255225544244224

5433233223

2
2
25432

2
222

mcllMmmcllM

mmmcllM

JlmmmmM

αα

α

α

−−

−

=+=

++=

++++=
 

( ) ( )
( )

;)(

;;)(

;;

;)(

5
2
55

2
555

554554354
2
454

2
444

55355335544344334

3
2
3543

2
333

JlmM

mcllMJlmmM

mcllMmmcllM

JlmmmM

+=

=++=

=+=

+++=

−

−−

α

αα

αα

α

 

If we denote:  

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

we can to obtain  the element of the [ ]'M  matrix: 

515155
'
15

4141544
'
1421315433

'
13

212154322
'
12

'
11

;)(;)(

;)(;0

−

−−

−

=

+=++=

+++==

sllmM

sllmmMsllmmmM

sllmmmmMM

α

αα

α
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( ) ( )
( ) ;;1

;2;0;3

525255
'
25424244

'
24

323233
'
23

'
221221112

'
21

−−

−−

=+=

+==+=

sllmMsllmM

sllmMMsllmmM

αα

αα
 

0;)(

;)(
'
3323543332

'
32

13543331
'
31

=++=

++=

−

−

MsmmmllM

smmmllM

α

α
 

535155
'
354354443

'
34 ;)( −− =+= sllmMsmmllM αα  

545455
'
45

'
443454443

'
43

2454442
'
421454441

'
41

;0;)(

;)(;)(

−−

−−

==+=

+=+=

sllmMMsmmllM

smmllMsmmllM

αα

αα
 

455455
'
54

'
55355553

'
53

255552
'
52155551

'
51

;0;)(

;)(;)(

−−

−−

===

==

sllmMMsmllM

smllMsmllM

αα

αα
 

[ ]='M
( ) ( )
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)(0)()(

)(0

)()()(0

455455355553255552155551

545455345444324544421454441

53535543435442354333213543331

525255425444232325433122154322

515155414154421315433212154322

sllmsmllsmllsmll
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sllmsllmmsmmmllsmmmll
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Matrix [ ]'M  is skew-symmetric.  

The loads vector is: 
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65
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4

3333333333333

3

2222222222222

2

1111111111111

1

)1()1(

)1()1(

)1()1(

)1()1(

clYslXM
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X

clYclYslXslXM

GYY
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If we premultiply this vector with [ ]TA1  we obtain: 

{ } { }

( )
( )
( )
( )

( )

{ } { }GextT MM

GGcl

GGGcl
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GGGGGcl

GGGGGGcl
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QAQ −=
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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.  
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