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By appointed wents of davcloprnt in sport science almp the problem of airborn mvewts is considered. 
Por rigid bodies we haw a colplu M well-lnon theory to solva pmblem of these mvepnts, but for l i v i q  
subjects tbese problem u s t  be solved by a special and mre wrplex approach. Especially we arst consider the 
inner forces. 

In the case of rportirq mvements, we bave often difficulty to f ird serviceable parmters for simulation. 
Ibe nruber of parameters and boundary values of threediuuioml mdels is beyond 20 and the n&r of 
rule-functiom beyond 10. In practice ve see, that i t  tdkes to find tbc right functions. Tberefore, trying 
to simlata a colplex m w t ,  i t  is necessary to u lyse  i t  before. 

But just tba analysis s h  sow difficulties. For exanple, ubat was the vector of angular veIocity of 
a system, coqosed of several lhbs, vhich are able to mve aw, against another? This question is also important 
for rthcds of training. It is clear, that thL vector is not directly wsurable. The analysis of film or 
videopictures and subsequent w~putirq muit help. 

Ye want to clarify sou problcrr vhich occurred by d e t h t i o n  of angular velocity of body-mveaents. Me 
suppose that the t i e  histories of position in space of all segsents wu!d te find out. 

DEFINITION 

In sporting practice the t e n  of twist-axis or sowrsault-axis are usual. But they are not exactly defined 
( especially with crooked position!). Rutbe: i t  is known, that an athlete is able b influence his m m t  of 
inertia and angular velocity only by mviq his trunk and 1- and t o  take every psitlon in space (Pig.1). 

Bow to define under there conditions the vector of anqular velocity of a human body? 
lbe physically only excellent cartesian systel of coordinates is the system of principal axes of inertias of 
the vbole body. L can mlplte the8 wt of the tensor of inertia of tbe vhole body together with the principal 
m m t  of inertia for any position. This system is  fixed a t  the center of .ass and w r h  as initial system to 
m y t e  tbe angular velocity. 

Like i n  the case of the rigid bodies th mLW1s tbocrem a l l m  to define in cnly a siqle uay the twist 
angle and the axis of rotation of tbe body at any smll interval of tine. Then, the angular velocity is the 
first derivative of the twist aqle. In this way tbe angular velocity can be exactly defined and computed. 

Tbe tensor of inertia is given by the fonula 
' 

(Piq.2). Tbe mtrix A is symetric, its elemts a n  named a i . '  i , j  = 1,2,3. Tbe system of principal axes of 
ineNnss is to be distinguished by diapprirq of th elem& a i  barides the diaqonal of A. Hathatically 
such a system always exists, for A is s w t r i c .  Tbe principal m$nts of inertia 11, 12, 1, are the (real) 

VXII Symposium ISBS - 345 - Prague 1990 



reotP of tbc cubic aquation 

lbw arise a problm of rangb tbc eigenvalues li. Tw eigenwalues can not ba different in the case of 
quality (Pig.3). TkefOfa,  w, bave to find rstbodr to d e f h  tbe tir histories of th eigeavalues. 

First rathod: 
#e take the principal a m ~ t  of inertia from a m w t  t and m e  a approxirate eigenvalws fmr tbe 

mra t  ttDt by the tonula 
d l i  

li( tm ) lit t ) + M - 
dt 

Ya have 

and, for eraqle 
ajjau -aj: +112 -+(ajj-au) 

l i i i  . 
i, j, k = 1, 2, 3 and several. 
the approxkte eigenvalues li (ttM) belp us t o  range them and to define tbe system of principal axes. The 

rtbcd is workable i f  principal w ~ n t s  of inertia differ a r e  then 0.05 kp. Tbe derivates of the elements aij  
ust be computed nruerically. 

Second metbod: 
Ye define in a wnaon sense the system of principal axes inertness at the k g i ~ i n g  of analysis and assum 

we have computed the system of any ti= t. Wow, there are able 24 several artesian system at the time ttM, 
rrhich only differ in dirdions and orientations. bder these 24 systeas we find the one vhich rinidzes the sum 
of scalar products of the w at and tiM subsequently (Fig .  4 )  and so m t i l l  the end of time interval. 

The secand rethod is based on the principle of continuity:, i f  the elements aij of the symmetric matrix 
A differ only slightly, the eigenvalues differ smll too. 

I t  is easy to see, that the algorithm only wrks in  the case if tbe tvist angle does not exeed 45 degrees 
(Pig.5). Therefore, the irepuury of filmaera lust answer theis purpose. Our computing program bases on the 
second lethcd and wrks ntbout error. 

Figure3 1-5 are taken from %aining und Ytttlarpf*, Sprtverlag Berlin, 1990. 

Tbe tvist or the sorersault axes of a human body are not defined exactly. We rote that an athlete is able 
only with h r  strength to take every position in space under free fall conditions. I t  is iqssible to 
descrik tba rotative velocity in tbe case, only the angular mmentua and the principal moments of inertia of 
the body are Imovn. We give a definition of the vector of angular velocity for h u m  bcdy mvemts as 
alteration in time of tbe cartesian system of principal axes of inertness. 
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r ~ ~ u r e  1: ? u q ! e  a! divers mvcvnt 

l ipre 1 :  Tams !G; ccqxting Va tam: 0: inrtrr 
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+ - - - - - - . . . , . ,  Game rnrrnber 

F l p r e  3 :  Principal wvements o: 1r.ertia and tjo seva:ll time histories of tnes 

Pigure 4: System of principal ax.& el, e 2 ,  e, on t and ttat 
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Pique 5: wrong defined system of principal axes e i ,  e;, on t i ~ t ;  right is  e l ( t +  a t ) ,  e 2 [ t - a ? )  
(axis e, noml t o  the plane) 
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