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INTRODUGTION 
In o rde r  t o  invest igate  t he  health problems connected with tennis  and t o  

develop and t e s t  new equipment, t he  theoretical and experimental  analyses of 
t he  ball- racket impact  phase a r e  fundamental.  Therefore  only t h i s  c r i t i ca l  
phase, l as t ing  less  than  one hundredth of seconds, i s  here  analyzed. I t  i s  
influenced by t h e  ini t ia l  conditions such a s  the  racke t ' s  and bal l ' s  position 
and velocity r i gh t  before the i r  impact; i t  i s  a l so  re la ted  t o  t h e  dynamic 
charac te r i s t ics  of t h e  racket .  
Aim of t h i s  r e s ea r ch  i s  t ha t  of verifying a mathematical  model (Casolo, 
Ruggieri 1091) which i s  simple enough t o  show t h e  influence of each  single 
racke t  pa r ame te r  on t h e  impact and t o  s e t  up co r r ec t  procedures f o r  t h e  
experimental  t e s t s  and t h e  design of t he  equipment. 
Both in t h e  model and in  t h e  experimental t e s t s ,  we t ake  in to  account  t h e  
limited iner t ia  of t he  p layer ' s  arm. Unlike o the r  researchers ,  we  do not  
clamp t h e  r acke t  handle a t  a f ixed f rame,  because i t  i s  too  unprecise and i t  
means t o  a t t r i b u t e  inf ini te  mass and moment of iner t ia  t o  t h e  hand. 

1 BACKGROUND 
St r ic t ly  r e f e r r i n g  t o  t h e  impact phase, t h e  main forces  t ransmi t ted  by 

the  sys tem's  components (Fig.1, 2 )  f r om the  ball t o  the shoulder a r e  S O,  S1, 
Sz, S3. Obviously, t he  speed variat ions of the  body segments a r e  proport ional  
t o  t h e  impulses of t he  respective forces  and inversely proport ional  t o  t h e  
masses which they  a r e  subjected to.  All the  o ther  forces  and couples, as f o r  
instance t he  ones due t o  the  muscular actions, a r e  negligible dur ing  t h e  
impact; they  a r e  in f a c t  one o r  more orders  of magnitude a s  low a s  t h e  

I 
previous ones. 

Fig.1: Racket + player  model 
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Fig.2: Racket  e x t e r n a l  load and  f r a m e  deformation 

By manipulat ing t h e  dynamic equilibrium equat ions (Casolo 1991) i t '  is impact  phase.  
possible t o  w r i t e  t h e  equat ion dVi/dt= SI/MI w h e r e  S i  i s  t h e  f o r c e  
t r a n s m i t t e d  by t h e  r a c k e t  t o  t h e  hand, Vi t h e  i n s t a n t  speed of t h e  hand; 
t h e r e f o r e  Mi can  be seen a s  a n  equivalent mass,  t a k i n g  i n t o  accaunt  t h e  whole 
mass of t h e  player ,  hypothetically applied t o  t h e  r a c k e t  handle. 
The impact  can  t h u s  be  analyzed by means of t h e  s imple model of fig.2. The 
values of Mi depends on t h e  masses m, ma, mb, of t h e  hand,  t h e  f o r e a r m ,  and  
t h e  a r m ,  w h e r e a s  do no t  depend on t h e  lengths a a  and  at,. 
Let u s  assume m = .5kg, ma = 1.5kg, mb = 2kg, we  ob ta in  Mi = .946kg. The 
precision requi red  in t h e  est imation of t h e  masses  can  be  deducted by t h e  
following: AM1 = .276Am + Ama + .015Amb which shows  t h e  incidence on M1 of 
t h e  e r r o r s  A of t h e  evaluat ions of hand, f o r e a r m  and  a r m  masses .  So, a s  
explained i n  t h e  previous work, is  linked t o  t h e  e las t i c i ty  of t h e  ball and 
the  r a c k e t  and i s  in funct ion of the sinking x of t h e  bal l  i n t o  t h e  mesh 

2- 
according t o  t h e  law: So  = k x  (1 + hx 1; where  h and  k c a n  be obtained f r o m  a 
se r ies  of s imple s t a t i c  measurements  on ball a n d  r a c k e t  increas ing  t h e  load ~ 

I applied on to  them. 

Fig.3: A s t a t i c  t e s t  on a racke t :  
C) sinking x of t h e  ball pressed on the  n e t  by t h e  f o r c e  S (mass  8) ;  
b )  deformat ion  of t h e  ball;  a ldeformation of n e t  plus  bal l  

Fig. 5: r a c k e t  holder  ; 
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I t  i s  t han  possible t o  w r i t e  t he  equation of motion of t h e  ball during t h e  
penetrat ion phase and t o  predict  the sinking t ime  and t h e  rebound speed of 
the  bal l  when t h e  dynamic and  the elast ic  parameters  of racke t  and t h e  t he  
ini t ia l  condition of t h e  impact  a r e  known. 

MATERIALS 
The  equipment  f o r  t h e  rebound experimental tests consists  of t h r ee  m a j o r  

devices: a cannon t o  t h row  t h e  ball toward t he  racke t ;  a t r e s t l e  t o  hold t h e  
racke t  in , its position before  t he  impact; a s e t  of l aser  photo- barr iers  and 
respect ive t ime r s  t o  measure  velocities. The cannon (Fig.4) consists  mainly 
of a tubular  a i r  t ank  ending up with a gun. Between t he  l a t t e r  and the  fo rmer  
a ca l ib ra ted  r ing ,  t h a t  can  be substituted, defines t he  speed range  of t h e  

The upper p a r t  of t he  t r e s t l e  i s  a rectangular  f r ame ;  beside t he  racke t ,  i t  
holds t h e  photo- barr iers  f o r  the  racket  speed measure. The f r a m e  i s  connected 
t o  t h e  r acke t  by means of two electro-magnets driven by the  ball through 
another  photo- barr ier  in o rde r  t o  f r e e  the  racke t  f e w  milliseconds before  t he  
impact. The  adoption of t he  equivalent mass M1 [obtained linking t o  t h e  
handle a lead r i ng )  al lows t o  neglect any constraint  t o  t h e  racke t  during t he  
impact  phase. 

MI = .946kg. The  
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increasing t h e  load 

Fig. 5: r acke t  holder  ; Elelectro-magnets 
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Two photo-barriers  a r e  needed to  measure the  speed of any point of interest :  
one makes t he  clock (10Mhz quar tz  oscillator) s t a r t  and the  other stops it.  A 

PRESSURE DISTRIB 

logic circuit  drives the  counters, allowing f o r  instance t o  use the  same two 
barr ie rs  f o r  the  measurement of both the  ball's initial and rebound-speed. 

RESULTS AND CONCLUDING REMARKS 
Preliminary t e s t s  have  been taken in order t o  prove the  equivalence of 

t he  described model  (wi th  t he  equivalent mass) t o  a held-by-player racket .  
Therefore t h ree  s e t s  of d a t a  have been collected f o r  the  following cases: 
1) Racket f r a m e  wholly constrained, t o  t e s t  net and ball s t i f fness  actions 
(Fig.6 a )  - 2)  Racket f r e e  with equivalent mass (Fig.6 b)  -3) Racket held by INTRODUCTION ; 
the  player (Fig.6 c). SLRPORTED RACKET 

M E  rn 
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The pressure distributia 
Thee preliminary resul t s  prove the  test ing apparatus adequacy a s  well a s  t he  
correctness of t h e  evaluation of the  equivalent mass. measurement device. TBc 

Therefore  ~n f u t h e r  experiments i t  should be possible t o  t e s t  rackets  simply Lion of the insole is 4 
by applylng a proper  mass t o  the  handle and expecting them t o  behave exactly 4s. The sole was cul to 
a s  if they where held by player. These and other s e t s  of measures show t h a t  
the  rebound coefficient  depends mainly on ball characterist ics ,  which af fec t  The experimental sel-up 
t he  interpolating line slope, and on inertlal characterist ics  of t he  racket ,  
which make the  line sh i f t  up and down. investigated movements 
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