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ABS TRACT 

T e s t s  w e r e  conduc t ed  in the 50- in .  Mach  10 wind tunne l  of the 
£ f yon K a r m a n  Gas D y n a m i c s  F a c i l i t y  to d e t e r m i n e  the d y n a m i c  s t a b i l i t y  

c h a r a c t e r i s t i c s  of a 10-deg  h a l f - a n g l e  cone  at l a r g e  a m p l i t u d e s  of 
o s c i l l a t i o n .  Suppor t  i n t e r f e r e n c e  e f f ec t s  w e r e  a l so  i n v e s t i g a t e d .  A 
f r e e  o s c i l l a t i o n ,  h i g h - a m p l i t u d e  (±35 deg) gas  b e a r i n g  b a l a n c e  s u p p o r t e d  
by a t r a n s v e r s e  r o d  and yoke  s y s t e m  was  u sed .  Da ta  w e r e  ob t a ined  at 
a n o m i n a l  Mach  n u m b e r  of 10 at R e y n o l d s  n u m b e r s ,  b a s e d  on the m o d e l  
b a s e  d i a m e t e r ,  r a n g i n g  f r o m  0 .46  x 106 to 1.84 x 106. The d y n a m i c  
and s t a t i c  s t a b i l i t y  da ta  a r e  c o m p a r e d  with  da ta  ob t a ined  wi th  a s t i n g -  
s u p p o r t e d  m o d e l ,  r a n g e  data ,  f low f ie ld  t h e o r y ,  and c o n i c a l  f low t h e o r y .  
S e l e c t e d  t e s t  r e s u l t s  a r e  p r e s e n t e d .  
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SECTION I 

INTRODUCTION 

D y n a m i c  s t a b i l i t y  t e s t s  w e r e  c o n d u c t e d  on a 10-deg  h a l f - a n g l e  cone  
at Mach  n u m b e r  10 o v e r  a R e y n o l d s  n u m b e r  r a n g e  f r o m  0 .46  x 106 to 
1.84 x 106 b a s e d  on the  m o d e l  ba se  d i a m e t e r .  The  p u r p o s e  of t h e s e  
t e s t s  was  to d e t e r m i n e  the e f f ec t s  of l a r g e  m o d e l  o s c i l l a t i o n  a m p l i t u d e s  
(±25 deg) on the d y n a m i c  and s t a t i c  s t a b i l i t y  d e r i v a t i v e s ,  and to i n v e s t i -  
ga te  the e f f ec t s  of s u p p o r t  i n t e r f e r e n c e  on the  d e r i v a t i v e s .  

The  t e s t s ,  as ou t l i ned  in T a b l e  I, w e r e  c o n d u c t e d  us ing  a l a r g e  
a m p l i t u d e  (±35 deg),  f r e e  o s c i l l a t i o n  gas  b e a r i n g  b a l a n c e  s u p p o r t e d  by 
a t r a n s v e r s e  rod .  A 10-in .  - b a s e - d i a m  m o d e l  was  u s e d  in c o n j u n c t i o n  
with  d u m m y  s t ings  to e x p e r i m e n t a l l y  e v a l u a t e  e f f ec t s  of the s t ing  sup -  
por t  g e o m e t r y .  

SECTION II 
APPARATUS 

2.1 WIND TUNNEL 

The  5 0 - i n .  Mach  10 t unne l  (Gas D y n a m i c  Wind Tunne l ,  H y p e r s o n i c  
(C)) is a con t i nuous ,  c l o s e d - c i r c u i t ,  v a r i a b l e  d e n s i t y  wind  t u n n e l .  It has  
a c o n t o u r e d ,  a x i s y m m e t r i c  Mach  10 n o z z l e  and  o p e r a t e s  at s t a g n a t i o n  
p r e s s u r e s  r a n g i n g  f r o m  200 to 1800 p s i a  and at s t a g n a t i o n  t e m p e r a t u r e s  up 
to about  1450°F. The m o d e l  s u p p o r t  is c a p a b l e  of b e i n g  r e t r a c t e d  into the  
t e s t  s e c t i o n  tank  w h i c h  can  be s e a l e d  f r o m  the a i r f l o w  f o r  m o d e l  c h a n g e s .  A 
d e s c r i p t i o n  of the  t unne l  and a i r f l o w  c a l i b r a t i o n  i n f o r m a t i o n  m a y  be found in 
Ref .  1. 

2.2 TRANSVERSE ROD BALANCE 

The  f r e e  o s c i l l a t i o n  b a l a n c e  is a l a r g e  a m p l i t u d e  (+35 deg) s y s t e m  
i n c o r p o r a t i n g  a 3- in .  - d i a m  c y l i n d r i c a l  gas  b e a r i n g  as the  b a l a n c e  pivot  
wh ich  is s u p p o r t e d  by a t r a n s v e r s e  r o d  i n s t a l l e d  in a yoke  a s s e m b l y  
(Fig .  1). The  b e a r i n g  is  c apab l e  of s u p p o r t i n g  a r a d i a l  l oad  of 300 lb ,  
and a c o m p l e t e  c a l i b r a t i o n  of the l oad  c a r r y i n g  capab i l i t y  and d a m p i n g  
c h a r a c t e r i s t i c s  of the b e a r i n g  can  be found in Ref .  2. 

P h o t o g r a p h s  of the t r a n s v e r s e  rod  b a l a n c e  a r e  shown  in Fig .  2. 
The  v a r i a b l e  r e l u c t a n c e  a n g u l a r  t r a n s d u c e r  (F ig .  2, i t e m s  3 t h r o u g h  5) 
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p r o v i d e s  a con t inuous  t i m e  h i s t o r y  of m o d e l  d i s p l a c e m e n t ,  ye t  r e q u i r e s  
no p h y s i c a l  c o n n e c t i o n  b e t w e e n  the  m o v i n g  and s t a t i o n a r y  p a r t s  of the  
ba lance .  

The  b e a r i n g  lock ing  s y s t e m  (Fig.  2, i t e m s  6 t h rough  9) c o n s i s t s  of 
a g e a r  r a c k  m a c h i n e d  on the ou t e r  s u r f a c e  of the b e a r i n g  and an a i r -  
a c tua t ed  p i s ton  with a m a t i n g  se t  of g e a r  t e e t h  m a c h i n e d  on i ts  con tac t  
s u r f a c e .  The  m o d e l  m a y  be l o c k e d  in angu l a r  i n c r e m e n t s  of a p p r o x i -  
m a t e l y  5 deg.  

2.3 MODEL 

The m o d e l ,  supp l i ed  by the G e n e r a l  E l e c t r i c  Company  and shown 
in F ig s .  1 and 3, was an a x i s y m m e t r i c  con ica l  body of r e v o l u t i o n  hav ing  
a 10-deg  s e m i - v e r t e x  angle .  The m o d e l  was c o n s t r u c t e d  of s t a i n l e s s  
s t ee l ,  and p r o v i s i o n s  w e r e  m a d e  to add b a l l a s t  fo re  and aft to l oca t e  the 
m o d e l  c e n t e r  of g r a v i t y  exac t ly  at the  b a l a n c e  pivot  axis .  

The  d u m m y  s t ings  w e r e  c o n n e c t e d  to the  c e n t e r  of the  aft s h i e l d  
a s s e m b l y  at the  r e a r  of the yoke  (Fig.  1, i t e m  3). T h e s e  s t ings ,  which  
w e r e  i n t e r c h a n g e a b l e ,  e x t e n d e d  up into the  b a s e  of the m o d e l  (Fig .  4). 
A s k e t c h  of the  m o d e l  and the  d u m m y  s t ings  is shown in Fig.  5. 

SECTION III 

PROCEDURE 

The equations of motion for a free oscillation, one-degree-of- 
freedom system may be expressed as 

- - % o  -- o 

The method for computing the dimensionless damping-in-pitch deriva- 
tives from the free oscillation tests (neglecting tare damping) is indi- 
cated by the following expressions: 

0 = Oo [exp (M~/2I ) t  ] sin \ / -Mo/ I  t 

M~ = 2 I f  In R/Cy n 

C,,,q + Cm~ = M~ V°° 2 
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B e c a u s e  of the  a b s e n c e  of an e x t e r n a l  r e s t o r i n g  m o m e n t ,  the e f f ec -  
t ive  s lope  of the p i t c h i n g - m o m e n t  cu rve  m a y  be d e t e r m i n e d  as fo l lows:  

Cmog = Mo/q~ Ad 

2 
MO = - I  o 

Cm0E = - 4  (~{)2 I/q~ Ad 

The  t e s t  p r o c e d u r e  was to d i s p l a c e  the m o d e l ,  whi le  it was in the  
t e s t  s e c t i o n  tank,  by d i r e c t i n g  a i r  aga ins t  the  m o d e l  n o s e  (Fig.  1, i t e m  8) 
and engag ing  the lock  at the d e s i r e d  r e l e a s e  angle .  The  s y s t e m  was then  
i n j e c t e d  into the a i r s t r e a m  and the m o d e l  r e l e a s e d .  The  r e s u l t i n g  o s c i l -  
l a t o r y  mot ion ,  m e a s u r e d  by the  angu la r  t r a n s d u c e r ,  was r e c o r d e d  by a 
d i r e c t - w r i t i n g  o s c i l l o g r a p h  and a h i g h - s p e e d  d ig i ta l  c o n v e r t e r ,  which  
r e l a y e d  the  data  by m e a n s  of m a g n e t i c  tape to an IBM 7074 c o m p u t e r  fo r  
data  r educ t i on .  

SECTION IV 
PRECISION OF MEASUREMENTS 

The angu la r  t r a n s d u c e r  was c a l i b r a t e d  b e f o r e  and a f t e r  the tunne l  
t e s t  p e r i o d s ,  and check  c a l i b r a t i o n s  w e r e  m a d e  p e r i o d i c a l l y  du r ing  the  
t e s t s .  

Both the d a m p i n g - i n - p i t c h  d e r i v a t i v e s  and the  s t a t i c  s t ab i l i t y  d e r i v a -  
t i v e s  a r e  a f f ec ted  by the u n c e r t a i n t i e s  in d e t e r m i n i n g  the m o d e l  m o m e n t  
of i n e r t i a  (I) and the angu la r  f r e q u e n c y  of o s c i l l a t i o n  (w). In addi t ion ,  the  
damping  d e r i v a t i v e s  a r e  a f f ec ted  by u n c e r t a i n t i e s  in the  a m p l i t u d e  r a t i o  
(R). As a r e s u l t  of t h e s e  s o u r c e s  of p o s s i b l e  e r r o r ,  the e s t i m a t e d  m a x i -  
m u m  u n c e r t a i n t y  in Cm0 E is  +2.5 p e r c e n t ,  and in Cmq + Cm& is 
+6 p e r c e n t .  

SECTION V 
RESULTS AND DISCUSSION 

At the p r e s e n t ,  m e t h o d s  for  ob ta in ing  high amp l i t ude  (+25 deg) 
d y n a m i c  s t ab i l i ty  data  in wind tunne l s  a r e  l i m i t e d  to the f r e e  f l ight  t e c h -  
n ique and the f r e e  o sc i l l a t i on ,  t r a n s v e r s e  rod  t echn ique .  T r a n s v e r s e  
rod  or s t ing  i n t e r f e r e n c e  e f f ec t s  a r e  not p r e s e n t  in f r e e  f l ight  t e s t i n g  
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but l a r g e  Reyno lds  n u m b e r s  a r e  una t t a inab le  b e c a u s e  of s m a l l  m o d e l  
s i ze .  By us ing  a t r a n s v e r s e  r od  to suppor t  the m o d e l ,  data  can be 
ob ta ined  at h i g h e r  Reyno lds  n u m b e r s ,  but the  i n t e r f e r e n c e  e f fec t s  of 
the ro d  on the a e r o d y n a m i c  d e r i v a t i v e s  a r e  not known.  

F i g u r e  6 shows  the  v a r i a t i o n  of the d y n a m i c  s t ab i l i t y  d e r i v a t i v e s  
(Cmq + C m .  ) with amp l i t ude  of o s c i l l a t i o n  for  a r a n g e  of Reyno lds  
n u m b e r s ,  aThe p r e s e n t  data  a re  c o m p a r e d  with f r e e  o s c i l l a t i o n  data  
ob ta ined  with a s t i n g - s u p p o r t e d  m o d e l  (Ref. 3). Al though the  m a j o r i t y  
of the Reyno lds  n u m b e r s  a r e  not exac t ly  m a t c h e d  in the data  c o m p a r i s o n ,  
it is ev iden t  that  as the  Reyno lds  n u m b e r  is i n c r e a s e d  t h e r e  is b e t t e r  
a g r e e m e n t  b e t w e e n  data  ob ta ined  with the t r a n s v e r s e  r od  and the s t i n g -  
s u p p o r t e d  m o d e l s .  

As shown in Ref.  4, b o u n d a r y - l a y e r  t r a n s i t i o n  o c c u r s  at the  m o d e l  
b a s e  on a 10-deg  cone at Mach n u m b e r  10 (Tunnel  C) at a Reyno lds  n u m -  
be r  of about 1.4 x 10 6 b a s e d  on m o d e l  base  d i a m e t e r .  Data  ob ta ined  
dur ing  t h e s e  t e s t s  (Ref. 4) a l so  show that  at a Reyno lds  n u m b e r  of 
1.83 x 10 6 the beg inn ing  of b o u n d a r y - l a y e r  t r a n s i t i o n l o c c u r s  at about 
70 p e r c e n t  of the  m o d e l  s u r f a c e  l eng th  for  a s t i n g - s u p p o r t e d  m o d e l .  
The c o m p a r i s o n  b e t w e e n  the  data  ob ta ined  with the r o d - s u p p o r t e d  m o d e l  
and the  s t i n g - s u p p o r t e d  m o d e l  is bes t  at the  h i g h e r  R e y n o l d s  n u m b e r s  
w h e r e  at e = 0 the  bounda ry  l a y e r  of the s t i n g - s u p p o r t e d  m o d e l  is  p r i -  
m a r i l y  t u r b u l e n t  beh ind  the  point of rod  contac t .  The  f low f i e ld  t h e o r y  
(Ref. 5) shows  f a i r  a g r e e m e n t  with the d y n a m i c  s t ab i l i t y  data ob ta ined  
with a s t i n g - s u p p o r t e d  m o d e l  at al l  R e y n o l d s  n u m b e r s  (Fig.  6). 

The  v a r i a t i o n s  of the s t a t i c  s t ab i l i t y  d e r i v a t i v e  (Cm@E) with a m p l i -  

tude of o s c i l l a t i o n  a r e  shown in Fig.  7 and a r e  c o m p a r e d  with data  
ob ta ined  with a s t i n g - s u p p o r t e d  m o d e l  (Ref. 3). Data  ob ta ined  wi th  a 
t r a n s v e r s e  r od  m o d e l  suppor t  a r e  at a h i g h e r  l e v e l  than  the s t i n g -  
s u p p o r t e d t m o d e l  data  at al l  Reyno lds  n u m b e r s ,  and, as was the  ca se  
with the  d y n a m i c  d e r i v a t i v e s ,  the a g r e e m e n t  is b e t t e r  at the m a x i m u m  
Reyno lds  n u m b e r .  The  con ica l  f low t h e o r y  shows  f a v o r a b l e  a g r e e m e n t  
with the  data  f r o m  the  s t i n g - s u p p o r t e d  m o d e l  and i m p l i e s  that  the r o d  
suppor t  i n t e r f e r e n c e  does  affect  the cone s t a t i c  s t ab i l i ty  at all  Reyno lds  
n u m b e r s  i n v e s t i g a t e d .  F o r  al l  Reyno lds  n u m b e r s ,  i n c r e a s i n g  a m p l i -  
tude of o s c i l l a t i o n  showed  no l a r g e  v a r i a t i o n s  in the e f f ec t i ve  s l ope  of 
the  p i t c h i n g - m o m e n t  cu rve .  

Figure 8 shows the variation of the dynamic and static stability 
derivatives with Reynolds number and also shows a comparison with 
data from a sting-supported model (Ref. 3) and with free flight range 
data (Ref. 6). The data obtained from the range confirm that the 
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d a m p i n g - i n - p i t c h  d e r i v a t i v e s  at the l o w e r  R e y n o l d s  n u m b e r s  a r e  a f f e c t e d  
by rod  i n t e r f e r e n c e .  The  f r e e  f l ight  s t a t i c  s t a b i l i t y  da ta  o b t a i n e d  in the 
r a n g e  c o n f i r m  the  l e v e l  of the  s t a t i c  s t a b i l i t y  da ta  ob ta ined  wi th  a s t i n g -  
s u p p o r t e d  m o d e l  and show that  the s t a t i c  s t a b i l i t y  da ta  o b t a i n e d  wi th  the  
t r a n s v e r s e  r o d  s u p p o r t  s y s t e m  a r e  a f f e c t e d  by r o d  i n t e r f e r e n c e  at a l l  
R e y n o l d s  n u m b e r s .  

F i g u r e  9 shows  the  e f fec t  of s t ing  s u p p o r t  g e o m e t r y  on the d y n a m i c  
and s t a t i c  s t a b i l i t y  d e r i v a t i v e s  with  v a r y i n g  a m p l i t u d e  of o s c i l l a t i o n  and 
with  i n c r e a s i n g  s t ing  d i a m e t e r  r a t i o .  An e f fec t  of s t ing  s u p p o r t  d i a m e t e r  
is i n d i c a t e d  in F ig .  9a w h e r e  d a m p i n g  da ta  ob ta ined  with  the d u m m y  s t ing  
c o n f i g u r a t i o n  ( C o n f i g u r a t i o n  l - C ,  d s / d  = 0. 18) a g r e e  wel l  wi th  C o n f i g u r a -  
t ion  1 ( d s / d  = 0) fo r  the  s m a l l e r  ang l e s  of o s c i l l a t i o n  (O-< +4 .5  deg) ,  but 
have  a h i g h e r  l e v e l  of damp ing  fo r  a n g l e s  of o s c i l l a t i o n  g r e a t e r  t han  
+4.5 deg .  D e c r e a s i n g  the  e f f e c t i v e  s t ing  l eng th  ( C o n f i g u r a t i o n  l -D)  p r o -  
duced  a h i g h e r  l e v e l  of m o d e l  damp ing  at a m p l i t u d e s  of o s c i l l a t i o n  l e s s  
than  about  +6 deg as c o m p a r e d  to C o n f i g u r a t i o n  1-C (Fig .  9a). The  
s l o p e s  of the p i t c h i n g - m o m e n t  c u r v e s  w e r e  e s s e n t i a l l y  u n a f f e c t e d  by the 
d u m m y  s t ing  g e o m e t r y  v a r i a t i o n s .  It shou ld  be no ted  tha t  the t r u e  e f fec t  
of s t ing  s u p p o r t  g e o m e t r y  on the  d y n a m i c  and s t a t i c  d e r i v a t i v e s  cou ld  
have  been  m a s k e d  by the  i n t e r f e r e n c e  p r o d u c e d  by the  t r a n s v e r s e  rod .  

SECTION V! 
CONCLUDING REMARKS 

D y n a m i c  s t a b i l i t y  t e s t s  w e r e  c o n d u c t e d  to d e t e r m i n e  the e f f e c t s  of 
l a r g e  a m p l i t u d e s  of o s c i l l a t i o n  and s u p p o r t  i n t e r f e r e n c e  on the  d y n a m i c  
and s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  of a 10-deg  cone .  

Data  w e r e  o b t a i n e d  at Mach  n u m b e r  10 at R e y n o l d s  n u m b e r s  r a n g i n g  
f r o m  0 .46  x 106 to 1.84 x 106. C o n c l u s i o n s  b a s e d  on the r e s u l t s  p r e -  
s e n t e d  in th i s  r e p o r t  a r e  g iven  below:  

1. T r a n s v e r s e  rod  i n t e r f e r e n c e  d e c r e a s e d  the  l e v e l  'of the 
d a m p i n g - i n - p i t c h  d e r i v a t i v e s  at the l o w e r  ang l e s  of 
o s c i l l a t i o n  fo r  all  R e y n o l d s  n u m b e r s  excep t  1.83 x 106 
w h e r e  good a g r e e m e n t  was  ob t a ined  b e t w e e n  r e s u l t s  
f r o m  the  r o d - s u p p o r t e d  and s t i n g - s u p p o r t e d  m o d e l s .  
H o w e v e r ,  the v a l i d i t y  of the t r a n s v e r s e  r o d  da ta  at 
a m p l i t u d e s  of o s c i l l a t i o n  g r e a t e r  t han  t h o s e  ob t a inab l e  
with  a s t i n g - s u p p o r t e d  m o d e l  i s  s t i l l  unknown.  

2. Rod i n t e r f e r e n c e  i n c r e a s e d  the l e v e l  of the  s t a t i c  
s t a b i l i t y  d e r i v a t i v e s .  

5 
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. Sting suppor t  g e o m e t r y  e f fec t s  w e r e  i n c o n c l u s i v e  s ince  
rod  i n t e r f e r e n c e  was p r e s e n t .  

In l igh t  of the above c o n c l u s i o n s ,  it is  ev iden t  that  t e s t s  us ing  the  
l a r g e  amp l i t ude ,  t r a n s v e r s e  r o d  t e c h n i q u e  shou ld  be s u p p l e m e n t e d  by 
both the  s t i n g - s u p p o r t e d  m o d e l  t e s t s  and wind tunne l  or  r a n g e  f r e e  
f l ight  t e s t s .  
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C e n t e r  o f  G r a v i t y  
and P i v o t  A x i s ~ ~ ~ ~ , , j , , ~ , ~  ~ 

r n 

-- x - 0 . 6 0  ~' 
cg  7 

~ = 2 8 . 3 6 ,  

C o n f i g u r a t i o n  1 

d = I0.00 Diam 

a. Model Geometry 

15 deg 

S t i n g s  A, B, and C d t ( T y p ' )  
S 

7.00 

S t i n g  D 

I 
S 

i d e g  
deg ~---- 

t 

Diam 

S t i n g  d 
s 

A 0 . 6 0  
B 1 . 2 0  
C 1 .80  
D 1 .80  

Note :  All Dimensions in Inches 

Configurations such as I-A 
Indicate Model (I) and 
Sting (A, B, C, or D) 
Combination 

b. Dummy Sting Geometry 

Fig. 5 Model and Dummy Sting Geometry 
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Amplitude of Oscillation, ±e, deg 

Fig. 6 Dynamic Stability Derivatives versus Amplitude of Oscillation 
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C mq 

C o n f i g .  
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Ampl i t ude  o f  O s c i l l a t i o n ,  ±e,  deg 

Fig. 7 Static Stabi l i ty  Der ivat ives versus Amplitude of Osci l la t ion 
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Fig. 8 Dynamic and Static Stabi l i ty  Der ivat ives versus Reynolds Numbers 
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a. Dynamic and Static Stability Derivatives versus Amplitude of Oscillation 
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b. Dynamic and Static Stability Derivatives versus Sting Diameter Ratio 

Fig. 9 Effect of Sting Support Geometry 
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Conf igu -  
r a t i o n  

1 

1 

1 

I-A 

I-A 

I-B 

I-B 

I-C 

I-C 

I-D 

I-D 

T A B L E  I 
SUMMARY OF TEST CONDITIONS 

Re d x 10 -6  

0 .47 ,  0 . 8 3 ,  1 .15 ,  1.51 

0 .48 ,  0 .83 ,  1 .18,  1 .48 ,  1.83 

0 . 4 8 , * 0 . 8 3 , *  1 . 1 ~ , * 1 . 8 3 "  

0 . 4 6 ,  0 . 8 3 ,  1 .18 ,  1 .48 ,  1.81 

0 . 4 7 ,  0 .83 ,  1 .16 ,  1 .49 ,  1.83" 

0 .47 ,  0 .83 ,  1 .16 ,  1 .51 ,  1 .84 

0 . 4 8 ,  0 .83 ,  1 .16 ,  1 .49 ,  1.83" 

0 .48 ,  0 .83 ,  1 .17 ,  1.50 

0 . 4 6 ,  0 . 8 3 ,  1 .16 ,  1 .49 ,  1.83" 

0 .47 ,  0 .83 ,  1 .06 ,  1 .50 ,  1 .83 

0 . 4 7 ,  0 .83 ,  1 .07,  1 .51 ,  1.83" 

R e l e a s e  Angle, 
deg 

5 

8-13 

22-33 

6 

8-10 

6 

8-10 

6 

8-10 

6 

8-10 

-+9, deg 

2 . 1 - 4 . 6  

1 . 3 - 1 2 . 8  

2 . 8 - 3 1 . 9  

1 . 2 - 5 . 3  

1 . 1 - 9 . 3  

1 . 4 - 5 . 3  

2 . 0 - 9 . 2  

2 . 0 - 5 . 3  

2 . 0 - 9 . 2  

2 . 0 - 5 . 3  

2 . 0 - 9 . 2  

*Data P r e s e n t e d  i n  This  Repor t  
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