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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:
Xo =l

Yo =als;;

Xer =he +aylhe,

Yer =hs +aylys,

Xey =l + Lo, +aglic s

Yes =hs, + s, + aslssy s

Xy =l +he, v Loy +ayley s

Vea = s, +1s, + s, +a,l,s, ;

Xes =le, + e, + ey + e, +aglies s
Vos =hs +1Ls, + sy +1,s, + aglsss ;

Xy =l + e, + ey + e, + iy Il il

Ve =1, +1Ls, + s, + 1,5, +1ss ; Figure 1. Mechanical model
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Figure 2. Free body diagram

Xep =—ahs,0 3

Yo =a oo ;

Xey =—1810 — ,l,5,0, ;

Ver =l +aylyc,0, ;

Xey =—1s,0, — 15,0, — 3135,

Yoy =hao, + 1L,e,0, + alic,0;

Xey = —18,0, = 18,0, = 5,0, — a,l,5,0, ;

Ves =l + Le,0, + Loy +a,l,c,0,

Xes = =ls,0, = 5,0, — 5,0, = [,5,0, — 155505 ;

Ves =l + Le,w, + Lo, +,c,0, + alicso;

Xg ==05,0, = 1,5,0, — Liss0; = 1,5,00, = ls505 ;

Ve =l + L0, + Lie,o, +,c,0, + ey ;

Yoo =—ayls,€, _alllcla)lz 5

Vo = alicg _alllsla)lz )

Xey =—lisi& — llcla)lz — 08,6, — azlzcza)z2 5

Ver =hag _llsla)lz + 1,06, _alzlzsza)z2 5

Xoy = =188 _llcla)lz —1,8,6, - lzcza)zz — a3, — a3l3c3a)32 5

Ves =heg - llsla)lz +1,6,8, _lzsza)z2 +ashese, — a3l353w32 5

Xe, =—15,6 —l,cla)l2 —1,8,¢, —lzcza)z2 — 1858, —l3s3a)32 —-a,l,s,6,— a4l4c4a)f ;
Ves =log, —s,0f + Le,e, —Ls,@; +1ce, — L0} +alc,e, —als,o; ;
Xes =—5,8, _Zlclwlz —1s,¢, —1262(022 =Ly, —Z3c3w32 —ls,8, _Z4C4wf —aslssses —0!5156‘5(052 >

. _ 2 2 2 2 2,
Veos =g —Lis,@f +1,c,6, —L,s,05 +Lic6; —Ls,a +1,c,8, —1,5,0] + alicses — ol s;0%

The previously obtained relation can be written as:
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and:

X [—als, 0 0 0
Yer a,lc, 0 0 0
, 1 0 0 0
X, =1, —a,l,s, 0 0
Ver Le, a,l,e, 0 0
o, 0 1 0 0
X = ls, -, - aslys; 0
Ves L, e, aslye, 0
W, = 0 0 1 0
Koy =1l —lys, = Iys, —a,lys,
Vea lie, L, lie, a,le,
o, 0 0 0 1
X -l -1y, = Iys; —ls,
Ves L, Ly, Lyey L,
o, 0 0 0 0
X —1I;s, -1, =1y, -1,
Ve e L, Lyey Ly,
¥, [-als 0 0
Ve alc 0 0
& 1 0 0
X, —ls,  —a,lys, 0 0
Ve he, e, 0 0
&, 0 1 0 0
X5 —1s, —bLs, —a5ls, 0
Yar=| ha Le, asle; 0
& 0 0 1 0
X4 —1s, —ls, —Lsy  —als,
Ve he, L, Ly, alc,
£, 0 0 0 1
Xos —hs, —bs, =15, —ls,
Ves hey Ly, Ly, Ly,
Es . 0 0 0 0
[ alc, 0 0 0
—-als, 0 0 0
0 0 0 0
-l —a,l,c, 0 0
—ls, —a,l,s, 0 0
0 0 0 0
-l -he, —oslic, 0
+| —1s, -Ls, —als, 0
0 0 0 0
=l —le, —lLey  —alc,
—hs, —bs, —lsy  —als,
0 0 0 0
-l -l,c, -, —lie, -
—1Is, —-1s, -5, -l,s, -
| O 0 0
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3. DYNAMICS AND MOTION EQUATIONS

If we denote with:

The inertia matrix, the motion equations are:

or, if we take into account the form of acceleration:
][4 Je}+ [ o )= o}
If we premultiply the system with [Al1 ]T we have:
[M]=[4] [m]4]
where the elements of the [M ]are:
M, =(ma +my, +my+m, +m)l} +J,
M, =llc,, (ozzm2 +m,+m, +m5) ;
M, =llc, (053m3 +m, + ms) ;
M, =1llc,, (054m4 +m5) ;o M =1l (asms) ;
M,, =(a;m, +my+m, +m)l; +J, ;
My = 12130372(0‘3”73 +m,+ ms) ;
M, = 121404—2(0‘4’"4 + ms ); My = 121505—2(0[5’"5) >
My, =(aim,+m, +m)l; +J,
My, = 13140473(0‘47”4 + ms) 3 My = 13156573(0’5’"5) )
M, = (aim, + ms)lf +J, 5 My = 14150574(0’5’"5) ;

M55 =(a52m5)152 +J5 5

[M]=[4] [m]4,]
we can to obtain the element of the [M '] matrix:

If we denote:

M, =0 ; M,=(a,m+my+m,+ms)ll,s,_, ;
My =(aymy+my+m)ils, , 5 M, =(am,+m)lls ,

M5 = asmil s,
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M;l = (azml +3)m111128271 ) Méz =0 M;3 = (as +2)mslzlsszfa >

M'24 = (0!4 + 1)’"4]2[4524 ) Mvzs = asmshlss, s

M;, =L (azmy +my +mg)sy,

Méz =Ll (asmy+m, +my)s,, M;3 =0

My, =Ll (am,+mg)s, . 5 My =amlls,

My, =Ll (amy+ms)s,, 5 My, =Ll (am+ms)s,,

ths =Ll (am,+mg)s, , ; M;M =0 ; MQ‘S =asmyl,ls,
My, =Ll(asms)ss

M;3 = Lil(asms)ss

5 Mgz =Ll(asms)ss,
> M;S =0 M;4 = asmsl,lsss

0 (my +my+m,+m)lLs,, (gmy+m+m)lls ,  (ogm+m)lls, ,  omlls,
1] (g, -+ -+, +m s, 0 (o +my +mllss, - L (m,+ms, ;- ogmlss,
T bh(emtmy sy Ll (cemy +m, +m)s, 0 (gmy+mo)lil,s, ,  ogmdilss, 5
Ll (cymy +m)s, Ll (cmy +m)s, Ll (agm, +me)s, 0 ol lss, s
Lls(osms)ss Lls(cgm)ss Lls(osme)ss osmd,Jsss 0
Matrix [M '] is skew-symmetric.
The loads vector is:
X, +X,
Y, -Y, -G,
M, + XAa]llsl - XB(I -a )llsl - YAa]llcl -Y; (- a, )llcl
- X+ X,
Y, +Y. -G,
M, - Xyanlys, - X (I-ay))lys, + Yyayhe, =Y (I-ay)lyc,
-XAX,
{Q} =Y. =Y, -G,
M, - X aslys; — X ,(1-a3)lsy + Yeaslhey = Y (1 - a3)licy
XE - XD
Y, +Y, -G,
M, +Xpa,ls,+ X, (1-a)ls, —Yya,l,c, - Y. (1-a,)lc,
-X,
- YE - Gs - Ga
M, - X, adss +Ya5lc;
If we premultiply this vector with [A, ]T we obtain:
M) (LG, +G, +G, + G, + G, +G,)
M, Ley(a,G, + Gy + G, + G, + G,)
{Q'}:[A]T{Q}: M3 - 1303(0‘3(;3 +G4 +G5 +G6) = {Mm}_ {MG}
M, l4c4(a4G4 +Gs+ Gs)
M; lsesas (Gs + G6)

It results the motion equations:

or:

[v]fe}+ v o }= [ {0}
[ Y+ [ oo = o = {0}

The vector of the external moments become:

866



e = [Mlie)+ [ Yo+ {0 )

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:

44=[o 10 010010010 01 0]

{vafm]a e+ (rafm]a o' )= iraffo)

Y,=G, 4G+ G+ G+ G+ (A Y} + (Ealm] o).

from where:

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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