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The  purpose of t h i s  s tudy was t o  canpare the t r a j e c t o r y  and angular  v e l o c i t y  
of the gymnast's cen t e r  of g rav i ty  (CG) i n  t h ree  types of overgrip g i a n t  
swings on the  ho r i zon ta l  bar .  This was a prel iminary study ca r r i ed  out  
a t  t he  Olympic Committee's Biomechanics Laboratory i n  Colorado Springs. The 
primary goal  of research  done a t  t h e  USOC Biomechanics Laboratory i s  t o  he lp  
improve the  performance of our p o t e n t i a l  Olympic a t h l e t e s .  Hence, t h e  aim 
of t h i s  study was, from the  comparison of t h e  t h ree  types of g i a n t  swings, 
t o  i d e n t i f y  some simple, quan t i t a t i ve  i nd i ca to r s  of good o r  bad technique 
during these  swings. 

Before t he  study i s  discussed f u r t h e r ,  some d e f i n i t i o n s  of terms used 
a r e  presented: 

1) Regular Giant. This is an overgr ip  g i an t  swing t h a t  would connnonly 
be found i n  t he  middle of t he  rout ine .  It is the  g i a n t  swing t h a t  
j o in s  s k i l l s  and i s  not  aimed a t  acce l e r a t i ng  the  gymnast. (Figure 
11 

2) Dismount Giant. This is the overgr ip  g i a n t  swing which conta ins  
t he  xe lease  f o r  t he  dismount. It is i n  a c t u a l  f a c t  only a p a r t i a l  
g i an t  swing. (Figure 2) 

3) Wind-up Giant. This overgrip g i an t  swing preceeds t he  Dismount 
Giant, The gymnast may use one o r  more of these  t o  acce l e ra t e  i n  
prepara t ion  f o r  the  dismount. Hence, the  term "wind-up". 

Many s t u d i e s  have been done on the  overgr ip  g i a n t  swing, (Borms e t  a 1  
1475, Dainis  1975, Boone 1977, Bauer 1983), however, none so f a r  have looked 
spec i f i ca l ly  a t  t he  wind-up g i an t  and the  dismount g i a n t  and t h e i r  r e l a t i o n -  
ship.  The dismount i t s e l f  i s  probably the  most important s k i l l  i n  t h e  
rout ine ,  It is the  l a s t  s k i l l  the judge sees ,  and so,  leaves  a l a s t i n g  
impression. It  is a l s o  a good method of gaining e x t r a  po in t s  through ROV 
(Risk, Or ig ina l i t y ,  V i r tuos i ty ) .  A s  a r e s u l t ,  dismounts have become 
d i f f i c u l t  and dangerous, consequently i t  was thought prudent t o  study the  
f a c t o r s  t h a t  set the  gymnast up f o r  t he  dismount, t h a t  is, the  preceeding 
g iant  swings. 





The subjec ts  f o r  t h i s  study were the  High Bar f i n a l i s t s  i n  the  
National Sports  Fes t iva l  held i n  Colorado Springs i n  1983. A l l  t he  
f i n a l i s t s  were filmed from the  s i d e  a t  50 frames per second a t  a d is tance  
i n  excess of 60 meters. Five of t he  gymnasts filmed showed a l l  t h ree  of 
the  types of g i an t  swings being studied.  These f i v e  gymnasts had a l l  
three  of these g i an t s  d ig i t i zed .  The data  were then smoothed using a 
d i g i t a l  f i l t e r  with a cutoff  frequency of 10Hertz. The CG was ca lcula ted  
using paramters from Dempster (1955). The path  of the CG was graphed 
and i t s  angular ve loc i ty  around the  bar ca lcula ted  and analyzed. 

TRAJECTORIES OF THE CG 

The f i r s t  and most obvious comparison between the d i f f e r e n t  g i an t  swings 
is the path of the gymnast's CG. Figure 3 shows these paths.  !h wind-up 
and the  dismount g i an t  fol low very s i m i l a r  paths,  however, t he  regular  
g i an t  follows a d i f f e r e n t  path. 

The path of the  CG f o r  t he  Regular Giant swing is or iented  v e r t i c a l l y .  
The gymnast is  f u l l y  extended, from the  handstand pos i t i on  t o  near ly  the 
end of the  descent phase. The CG follows almost a c i r c u l a r  pa th  for this 
s tage  of the  g i an t  swing. During the  ascent  phase, the  CG path dev ia t e s  
from t h i s  c i r c l e  and moves c lose r  t o  the  bar ,  fol lowing a f l a t t e r  path. 
Near the  end of the  ascent  phase, the  CG moves away f r m  the  bar  and t h e  
gymnast f i n i s h e s  i n  a f u l l y  extended handstand. 

The f l a t t e r  path of the  CG during the  ascent  phase is  caused by a 
piking ac t ion  (Figure 1). This enables the  gymnast t o  compensate f o r  the  
energy l o s s  due t o  f r i c t i o n  and wind r e s i s t ance .  Accelerat ion i s  not 
necessary i n  the  regular  g i an t  swing so  t h i s  piking ac t ion  need only be 
r e l a t i v e l y  mild. 

The wind-up and dismount' g i an t s  a r e  intended t o  acce le ra t e  t he  gymnast. 
They a r e  used t o  provide maximum energy f o r  the  d imoun t  p r i o r  t o  r e l ease ,  
consequently, the  path followed by the  CG i n  these two g i a n t s  is d i f f e r e n t  
t o  t h a t  of the  r egu la r  g i an t .  I t  is a t i l t e d  ovular shape (Figure 3).  

ANGULAR VELOCITY OF CG 

I f  the  gymnast were a r i g i d  body swinging around a f ixed p ivot  poin t ,  then 
h i s  angular ve loc i ty  would increase  as he f a l l s ,  reaching a peak a t  the  
bottom of the  swing and then decrease again a s  the  gymnast r i s e s .  The 
curve would have a s ing le  peak. However, the  gymnast is not  a r i g i d  body, 
i n  f a c t ,  he has con t ro l  of a t  l e a s t  t h ree  o r  four  segments of h i s  body. 
H e  uses  the  beat  ac t ion ,  previously mentioned, t o  inc rease  the  energy 
t o  overcome f r i c t i o n .  This beat  ac t ion  causes a two peaked curve a s  shown 
i n  Figure 4a. 

Figure 4a is  a graph of angular v e l o c i t y  aga ins t  angular displacement 
and represents  the angular ve loc i ty  curve f o r  one g i an t  swing. Figure 4b 
represents  t he  pos i t ion  the  gymnast i s  in ,  corresponding t o  the  peaks and 
troughs on the  curve i n  Figure 4a. This example da t a  were from one of 
the d ig i t i zed  regular  g i an t  swings. 





ANGULAR V E L O C I T Y  CHARAC'TERISTICS 

Figure 4. Angular Velocity Characteristics of CG during a 
Giant Swing 



Poin t  1 i n  Figure 4 r ep r e sen t s  t he  s t a r t  of t he  g i a n t  swing, i n  t h i s  
case  from t h e  handstand pos i t i on .  Angular v e l o c i t y  r i s e s  as the gymnast 
f a l l s  from t h e  handstand pos i t i on .  Maximum descending angular  v e l o c i t y  
is reached a t  Poin t  2. Here t he  gymnast is s l i g h t l y  arched and very  near 
t he  bottom of h i s  swing. However, t h e  gymnast now extends t o  t h e  s t r a i g h t  
pos i t i on  and by Point  3 he is f u l l y  extended. Here h i s  c en t e r  of g r a v i t y  
is a t  i t s  f u r t h e s t  po in t  from t h e  bar .  This  slows h i s  angular  v e l o c i t y  
down and w e  s ee  t h e  t rough i n  F igure  4a, Po in t  3. Now he p ikes  a t  the 
wai s t  and t h i s  sho r t ens  t h e  r ad iu s  from t h e  CC t o  t h e  ba r .  This  i nc r ea se s  
h i s  angular  v e l o c i t y ,  which reaches  a peak a t  Po in t  4. Now a s  he approaches 
t he  handstand he extends and h i s  angular  v e l o c i t y  slows, both due t o  the 
e f f e c t  of g r a v i t y  and t h e  ex tens ion .  In t h i s  case  h i s  s lowes t  angular  
v e l o c i t y  was no t  exac t l y  back a t  t h e  handstand p o s i t i o n  bu t  j u s t  passed 
i t  a t  62 degrees.  

The timing and magnitude of t h e  bea t  a c t i o n  w i l l  determine t he  s i z e  
and pos i t i on  of t he se  peaks and troughs i n  F igure  4a. So t h e  gymnast 
has  p a r t i a l  c o n t r o l  over  the shape of t h e  angular  v e l o c i t y  curve during 
t he  g i a n t  swing. There should be  s p e c i f i c  a s p e c t s  of t h i s  curve t h a t  po in t  
t o  good o r  bad technique f o r  t h e  s p e c i f i c  g i a n t  suing being performed. 
This ,  i n  f a c t ,  was t he  ca se  and same of these  technique i n d i c a t o r s  w i l l  
now be discussed.  

BEAT CHARACTERISTICS BEFORE RELEASE 

We w i l l  now look a t  a s p e c i f i c  example of t he  angular  v e l o c i t y  charac te r -  
i s t i c s  dur ing  t h e  dismount g i a n t .  F igure  5 shows t h i s  example. I n  Figure 
5a, we aga in  s e e  t h e  t y p i c a l  two peaked curve of t he  g i a n t  swing. This  is  
t y p i c a l  of a l l  t h e  t h r e e  types  of g i a n t s  s t ud i ed .  

The goa l  of t h e  bea t  a c t i o n ,  a s  prev ious ly  ou t l i ned ,  is t o  overcome 
the  energy l o s t  by f r i c t i o n  and wind r e s i s t a n c e .  I n  t he  wind-up and 
dismount g i a n t s ,  t h e  bea t  a c t i o n ,  a l s o  has  another  aim and t h a t  is n o t  
j u s t  t o  main ta in  angular  v e l o c i t y  bu t ,  i n  f a c t ,  t o  i nc r ea se  i t .  Hence, 
it is hoped t h a t  a f t e r  t he  b e a t  a c t i o n  t he  angular  v e l o c i t y  w i l l  be  
higher  than before  i t .  So t h e  gymnast of Figure 5 has  a c t u a l l y  achieved 
h i s  goa l ,  t h a t  is, Poin t  3 on F igure  5a is h igher  than Po in t  1. 

Using t h i s  method t o  s tudy t h e  gymnasts dismount g i a n t  we have a n  
e x c e l l e n t  q u a n t i t i v e  measure t h a t  al low6 u s  t o  determine whether a 
s p e c i f i c  gymnast ha s  technique e r r o r s  i n  h i s  g i a n t  swing. 

I n  f ou r  of t he  f i v e  c a s e s  from t h e  gymnasts s t ud i ed ,  t h e  second peak 
i n  angular  v e l o c i t y  was higher  than  t h e  f i r s t .  This  impl ies  i n  a l l  bu t  
one case  these  e l i t e  a t h l e t e s  have r e f i ned  t he  bea t  a c t i o n  t o  make i t  
e f f e c t i v e  i n  i nc r ea s ing  t he  angular  v e l o c i t y  j u s t  p r i o r  t o  r e l e a s e  f o r  
t he  dismount. 

WIND-UP AND DISMOUNT GIANTS 

We w i l l  now examine t he  peak angular  v e l o c i t y  w i th in  each g i a n t  over  
t h r e e  g i a n t  swings, t h a t  is,  two wind-up g i a n t s  and t h e  dismount g i a n t .  



BEAT CHARACTERISTICS 

Figure 5. Angular Yelocity Characteristics of CG the 
Dismount Giant 



ANGULAR DISPLACEMENT VSI ANGULAR VELOCITY 

FOR TWO WIND-UP GIANTS AND DISMOUNT 

Wind-up Wind-up Dismount 
J 

ANGULAR DISPLACEMENT 

Figure 6 .  Angular Velocity Characterist ics  of CG 
during Two Wind-up and One Dismount Giants 

PEAK ANGULAR VELOCITIES (DEGREES/SECOND) 

FOR REGULAR AND WIND-UP GIANT SWINGS 

SUBJECT REGULAR W I ND-UP 

1 352 357 

2 344 359 

3 293 336 

4 301 344 

5 300 319 

Table 1 .  Peak Angular v e l o c i t i e s  for Wind-up and 
Dismount Giant Swings 



The i d e a  behind t h e  wind-up g i a n t ,  a s  p rev ious ly  s t a t e d ,  i s  t o  supply 
t h e  dismount g i a n t  wi th  t h e  h i g h e s t  angula r  v e l o c i t y  p o s s i b l e ,  t o  f a s c i l i t a t e  
the  b e s t  i n i t i a l  c o n d i t i o n s  f o r  t h e  dismount. F igure  6 shows t h i s  theory  
i n  g r a p h i c a l  form, i n  terms of t h e  angula r  v e l o c i t y .  Notice how t h e  peak 
angular  v e l o c i t y  (PAV) w i t h i n  a  g i a n t  swing i n c r e a s e s  from one g i a n t  t o  t h e  
nex t ,  culminat ing i n  t h e  h i g h e s t  PAV j u s t  b e f o r e  r e l e a s e .  Each of t h e  f i v e  
gymnasts examined i n  t h i s  s tudy  e x h i b i t e d  t h i s  t rend ,  and i n  every c a s e  t h e  
PAV of t h e  dismount g i a n t  was h igher  than t h e  PAV i n  t h e  l a s t  wind-up g i a n t .  
Table 1 shows t h e s e  r e s u l t s .  Th is  s u g g e s t s  t h a t  each of t h e s e  e l i t e  gymnasts 
had achieved t h e i r  g o a l s  of us ing  t h e  wind-up g i a n t  t o  i n c r e a s e  angula r  
v e l o c i t y  and t o  s e t  themselves up a p p r o p r i a t e l y  f o r  t h e  dismount. 

Young gymnasts o f t e n  use  t h e s e  wind-up giant swings i n e f f e c t i v e l y .  They 
may do two o r  t h r e e  g i a n t s  b e f o r e  t h e  dismount bu t  g a i n  no th ing  from them, 
s topping each time between g i a n t s .  Using t h i s  method of d i g i t i z a t i o n  and 
CG c a l c u l a t i o n ,  g i v e s  u s  a  q u a n t i t a t i v e  method t o  a s s e s s  t h e  e f f e c t i v e n e s s  
of t h e i r  wind-up g i a n t s .  

DROP OFF OF ANGULAR V E L O C I T Y  

Both F igures  5a and 6 show a PAY j u s t  b e f o r e  r e l e a s e  fol lowed by a r a p i d  
d e c l i n e  i n  t h e  a n g u l a r  v e l o c i t y  up u n t i l  t h e  time of r e l e a s e .  

This  d e c l i n e  of angula r  v e l o c i t y  is v e r y  i n t e r e s t i n g  i f  we a r e  t o  
s t u d y  t h e  dynamic r e l e a s e  c h a r a c t e r i s t i c s  of t h e  gymnast b e f o r e  t h e  
dismount. This  i s  n o t  i n  t h e  scope of t h i s  paper ,  however, i t  i s  of 
i n t e r e s t  t o  make a  few p e r t i n e n t  observa t ions .  

The angula r  v e l o c i t y  must decrease  a f t e r  i ts  peak s i n c e  g r a v i t y  i s  
now working a g a i n s t  t h e  p rogress ion  of t h e  CG around t h e  b a r ,  b u t  how 
much and how r a p i d l y  t h i s  y e 4 o c i t y  d e c r e a s e s  and how i t  is p a r t i t i o n e d  
i n t o  i ts  r e s p e c t i v e  l i n e a r  v e l o c i t i e s  cou ld  be t h e  t o p i c  of f u t u r e  s t u d i e s .  
This  s tudy  would n e c e s s i t a t e  i n v e s t i g a t i o n  of t h e  s p r i n g  a c t i o n  of t h e  
bar  i t s e l f ,  t h e  dismount t r a j e c t o r y  t h e  gymnast wishes t o  fo l low,  and 
h i s  momenta and energy i n  t h e  i n t e r v a l  of time around t h e  re1eas.e. 

SLMMARY AND CONCLUSION 

Three i n d i c a t o r s  of t h e  t echniques  c h a r a c t e r i s t i c  of Regular ,  Wind-up and 
Dismount g i a n t s  have been found: 

1) T r a j e c t o r y .  F igure  4 shows t h a t  t h e  wind-up and dismount g i a n t s  
have a  c h a r a c t e r i s t i c  " t i t l e d  oval" shape compared t o  the more 
v e r t i c a l  alignment of t h e  r e g u l a r  g i a n t ' s  t r a j e c t o r y .  This  i s  
used t o  more e f f e c t i v e l y  s e t  up t h e  gymnast f o r  h i s  dismount. 

* 
2) Peak Angular V e l o c i t y  w i t h i n  t h e  g i a n t .  F igure  5 shows t h a t  t h e  

second peak i n  angula r  v e l o c i t y  should be  h igher  than  t h e  f i r s t  
i n  o rder  t o  s u c c e s s f u l l y  i n c r e a s e  t h e  angula r  v e l o c i t y  a t  t h e  end 
of t h e  wind-up o r  dismount g i a n t  swing. 



3) The purpose of Wind-up Giant, i s  t o  increase  the  angular ve loc i ty  
from one g i an t  t o  the  next .  Figure 6 i l l u s t r a t e s  t h i s  purpose. 
There should be a gradual  increase  i n  t h e  peak angular ve loc i ty  
from one wind-up g i an t  t o  the  next ,  culminating i n  a maximum peak 
angular ve loc i ty  i n  t h e  dismount g i an t .  

These technique indica tor5  can be e a s i l y  ext rac ted  from high speed 
f i lm  of t h e  gymnast. Then they can be used by the  coach as a quan t i t a t ive  
measure of good o r  bad technique i n  the  th ree  types of g ianto  studied.  
Future s tud ie s  w i l l  focus on ve r i fy ing  these  f indings  with a l a rge r  subjec t  
group including juniors.  
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