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Background 

S i n c e  b e f o r e  man v e n t u r e d  i n t o  space, c o n c e r n  w a s  e x p r e s s e d  fo r  t h e  
a d v e n t  of a n  i m p a c t  of t h e  s p a c e  v e h i c l e  by meteoretic p a r t i c l e s .  
Then ,  t h e  c o n c e r n  was fo r  as teroidal  p a r t i c l e s  o r  c o m e t a r y  d e b r i s .  The  
a v e r a g e  c u b i c  
c e n t i m e t e r  (0.5 g / c c )  and t h e  a v e r a g e  e n c o u n t e r  v e l o c i t y  was on  t h e  
o r d e r  of t w e n t y  k i l o m e t e r s  p e r  second (20 km/sec) .  E a r l y  p r o b e s  s u c h  
as  i m p a c t  
i n t o  a v a r i e t y  of materials wi th  a w i d e  r a n g e  of p r o j e c t i l e s  and  
v e l o c i t i e s .  

p a r t i c l e  d e n s i t y  was o f  t h e  o r d e r  o f  one -ha l f  gram p e r  

t h e  E x p l o r e r s  and  P e g a s u s  led t o  l a b o r a t o r y  e x p e r i m e n t s  o f  

I n  s u p p o r t  of t h i s  e a r l y  research, t h i s  e x p e r i m e n t e r  p r o p o s e d  a pcne- 
t r a t i o n  cr i ter ia  f o r  a v a r i e t y  of metal t a r g e t s  a t  t h e  7 t h  Hyper- 
v e l o c i t y  I m p a c t  Symposium a t  Tampa i n  1965. (1) This p e n e t r a t i o n  
c r i te r ia  became known as t h e  Fish-Summers p e n e t r a t i o n  e q u a t i o n  fo r  
t h i n  t a r g e t s .  F u r t h e r  e x p e r i m e n t a t i o n  by o t h e r s  ( 2 , 3 )  s u b s t a n t i a t e d  
t h e  f i n d i n g s  and  l e d  t o  a d o p t i o n  of t h e  p e n e t r a t i o n  c r i t e r i a  f o r  
s i n g l e  s h e e t s  i n t o  t h e  Meteoroid Hazards Flonograph ( 4 ) .  

As o u r  s p a c e  e f f o r t  grew,  early d i s t r i b u t i o n  t h e o r i e s  o f  m e t e o r o i d  
p o p u l a t i o n  were m o d i f i e d  t o  ref lect  t h e  e x p a n d i n g  knowledge  of our 
so l a r  system. 

I n  r e c e n t  years, however ,  t h e  numbers of o r b i t i n g  sa te l l i t es ,  s p e n t  
componen t s ,  c o l l i s i o n s  and  e x p l o s i o n s  h a s  p o p u l a t e d  t h e  n e a r  e a r t h  
o r b i t  w i t h  d e b r i s  p o t e n t i a l l y  more h a z a r d o u s  t h a n  t h e  a v e r a g e  meteo- 
r o i d  d e b r i s .  T h i s  new d e b r i s  h a s  a n  a v e r a g e  d e n s i t y  of aluminum (2.78 
g/cc) and and  and  a v e r a g e  e n c o u n t e r  v e l o c i t y  o f  10 kmjsec .  

The  s p a c e  s t a t i o n  w i l l  r e q u i r e  many h o u r s  of work i n  t h i s  e n v i r o n m e n t  
a n d  t h e r e  i s  c o n c e r n  o v e r  haza rd  t o  t h e  a s s e m b l y  p e r s o n n e l .  The 
p r o p o s e d  ' h a r d  s u i t '  d e s i g n  u t i l i z e s  6061-T6 Aluminum f o r  most  o f  i t s  
e x p o s e d  area. The aluminum surface w i l l  be  t r e a t e d  f o r  t h e r m a l  and 
r a d i a t i o n  c o n t r o l .  The b a s i c  t h i c k n e s s  o f  t h i s  s u i t  w i l l  b e  on t h e  
o r d e r  of 1.78 mm (0.070 i n c h e s ) .  

S i n c e  t h e  ear l ier  work i n  t h e  s i x t i e s  was pe r fo rmed  g e n e r a l l y  w i t h  
2024-T4 and  1100-0 aluminum i t  was f e l t  t h a t  some b a l l i s t i c s  t e s t i n g  
o n  6061-T6 aluminum t o  v e r i f y  i t s  b a l l i s t i c  l i m i t  was w a r r a n t e d .  T h i s  
would  allow u p d a t i n g  t h e  p e n e t r a t i o n  c r i t e r i a  f o r  t h e  newer material. 
F u r t h e r ,  it was f e l t  t h a t  some impac t  t e s t i n g  of c o a t e d  s p e c i m e n s  was 
n e c e s s a r y  t o  d e t e r m i n e  wha t  i f  a n y  debond ing  o c c u r r e d  d u r i n g  t h e  
i m p a c t  p r o c e s s .  

T e s t  P r o c e d u r e s :  

P r e l i m i n a r y  T e s t :  

Before t e s t i n g  t h e  newer s u i t  m a t e r i a l s ,  a s h o u l d e r  s e c t i o n  of c u r r e n t  
s u i t  material was t o  be impacted.  T h i s  o p e r a t i o n a l  s e c t i o n  was t e s t e d  
i n  a c o n f i g u r a t i o n  similar t o  that  t e s t e d  a t  J o h n s o n  S p a c e  C e n t e r  a t  
l east  as f a r  a s  p a r t i c l e  s i z e  was conce rned .  A n  aluminum s p h e r e  of 

1 



0.79 mm was s e l e c t e d  t o  impac t  a t  a p p r o x i m a t e l y  5.5 km/sec. 
The  s e c t i o n  was sealed, p r e s s u r e  t e s t e d  and  m o n i t o r e d  for a v e r a g e  l e a k  
rate. S i n c e  t h e  s e c t i o n  c o u l d  not  b e  s u b j e c t e d  t o  e x t r e m e s  i n  p r e s -  
s u r e ,  a l l  
times from o u t s i d e  t h e  evacua ted  r a n g e  b e f o r e  s h o o t i n g .  T h i s  was 
a c c o m p l i s h e d  by u s i n g  a n  e v a c u a t e d  a c c u m u l a t o r  t a n k  a n d  d o u b l e  gauges .  
See f i g u r e  (1). 

on  a r r a n g e m e n t  was d e v i s e d  t o  allow m o n i t o r i n g  p r e s s u r e  a t  

As t h e  r a n g e  was pumped down t h e  c l o s e d  s u i t  s e c t i o n  i n t e r n a l  p r e s s u r e  
began  t o  rise. A v a l v e  on t h e  e x t e r n a l  e v a c u a t e d  t a n k  was opened  t o  
lower t h e  s u i t  p r e s s u r e  below its l i m i t .  When 3 t o  5 mmhg r a n g e  
p r e s s u r e  t r a p  
t h e  s u i t  p r e s s u r e  a t  8 p s i g  on t h e  gauge  l o c a t e d  i n s i d e  of t h e  r a n g e .  
Under  t h e s e  c o n d i t i o n s  t h e  round was f i r e d .  

was r e a c h e d  t h e  a c c u m u l a t o r  t a n k  v a l v e  was s h u t  o f f  t o  

A small b l o c k  o f  wood was p l a c e d  i n s i d e  o f  t h e  s u i t  s e c t i o n  t o  c a t c h  
any  d e b r i s  r e s u l t i n g  from t h e  impact .  Rap id  p r e s s u r e  loss  followed 
t h e  impac t .  The  p r o j e c t i l e  was o b s e r v e d  t o  h a v e  b r o k e n  up i n t o  3 or 4 
p i e c e s  wh ich  imbedded i n  t h e  wood. The  i m p a c t  h o l e  was r e a d i l y  s e e n  
b u t  was e a s i l y  p a t c h e d  w i t h  t a p e  from t h e  i n s i d e  o f  t h e  s u i t .  

( Comments o n  t h i s  i n i t i a l  t e s t  ) 

This suit s h o t  was an e f f o r t  t o  t r y  and  r e p r o d u c e  f a b r i c  s h o t s  i n  an  
u n t i t l e d  r e p o r t  f rom JSC o f  tes ts  pe r fo rmed  on  v a r i o u s  components  of a 
c a n d i d a t e  s p a c e  s u i t .  

S e v e r a l  q u e s t i o n s  arose when r e a d i n g  t h i s  h a z a r d  a s s e s s m e n t  of a 
c a n d i d a t e  8 p s i  s p a c e  s u i t  c o n f i g u r a t i o n .  Some of t h e s e  q u e s t i o n s  were 
answered  i n  a phone c o n v e r s a t i o n  w i t h  B e r t  Cour -Pa la i s .  One of t h e  
q u e s t i o n s  6061-T6 
Aluminum were c a l c u l a t e d  u s i n g  the h y p e r v e l o c i t y  e q u a t i o n  cited i n  t h e  
r e p o r t ,  namely:  

posed  was why t h e  ene rgy  l e v e l s  f o r  p e n e t r a t i o n  o f  

(1) t p  = K x d**(1.06) x (pp/pt)*"(0.5)  x (V/C)**(.667) x (BH)s%(-.25) 

Whcrc d = d i a m e t e r ,  cm 
> 2.78 g / c c  
> 2.78 g / c c  

V 
> 5E05 " 

> 95 BII = B r i n n e l  H a r d n e s s  
K = material c o n s t a n t  1.75 x 5.24 -> 9.2  
t p  = t h r e s h o l d  p e r f o r a t i o n ,  i n  crn 

pp = p r o j e c t i l e  d e n s i t y  ------ 
p t  = T a r g e t  d e n s i t y  ------ 
C = S o n i c  V e l o c i t y  " ------ = Impac t  V e l o c i t y ,  cm/sec ----- > 10E05 crn/sec 

------ 

T h i s  e q u a t i o n  was d e v e l o p e d  by Rockwel l  a n d  a l so  JPL some y e a r s  ago. 
The p e n e t r a t i o n  e q u a t i o n  used  K=5.24. JSC i n  t h i s  r e p o r t  u s e s  a modi- 
f i e d  K wh ich  is 1.75 times t h e  K=5.24, o r  K=9.2. Some ear l ier  r e p o r t s  
on meteoroid bumpers  u s e s  a fac tor  of 2.0 times f o r  a K=10.48 f o r  a 
bumper of zero p e n e t r a t i o n .  

S e v e r a l  o t h e r  g r o u p s  u s e  a modi f ied  Fish-Summers e q u a t i o n ,  namely:  

( 2 )  t p  = K1 x (pp)**(.1667) x (mp)%%(.352) x (Vp)"*(.875) 
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W e r e  pp = Projectile density g/cc -__---- > 2.78 glcc 

------- > 10 km/sec 
Alum ----> 0.54 to 0.57 

> mp = Projectile mass g 
Vp = Impact Velocity km/sec 
K1 = Target Flaterial Constant 
tp = threshold perforation in cm 

------- 

The 1969 Meteoroid Environment Model used K1 = 0.54 for Aluminum. A 
1984 MSFC report by Dallas Smith on the debris impact uses Kl=0.57. 

Plots of these equations are shown in figures (2) & ( 3 ) .  If we look at 
a JSC 
equation with K=9.2 this is shown in figure (3). These plots show 
Thickness of penetration versus projectile diameter for impacts at a 
constant of 10 km/sec. 

plot of the F-S equation with K1=.54 and overlay a plot of the 

The foregoing discussion on which formulas are being used and the true 
ballistic limit of the 6061 T6 suit material will be determined in the 
plan to impact 6061 T6 Aluminum with Aluminum projectiles to determine 
the ballistic limit. This B.L. can then be used to determine the 
probability of no penetration of the proposed suit for the space 
station. The ballistic limit shots will preceed the shots to determine 
the effect of impact upon the protective coatings being considered.) 

Ballistic Limit of 6061-T6 Aluminum: 

An initial series of impacts using various sizes of projectiles was 
conducted into target plates of 6061-T6 aluminum. The projectiles all 
of aluminum and spherical. of 
sheets impacted with 0.79 mm (0.03125inch) and 1.q mm (0.0625 inch) 
aluminum spheres  at approximately 5.5 I<rn/sec. However , the 
determination of velocity is very poor with projectiles in this size 
rongc. The detectors are extinction type, i.e., they look for an 
interruption of a bright field with the passage of the particle. \hen 
the particle size is small the beam interruption goes unnoticed being 
lost in-the-noise, counters, 
one has no garrantee that the signal was due to a particle passage or 
not. 

Figures (4) & (5) show a cross-section 

and if a s t o p  signal is  given the range 

Therefore, it was decided to use 3.175 mm (0.125 inch) diameter 
aluminum projectiles since reliable velocity determination could be 
made. If we assume that the behavior of 6061-T6 aluminum to be similar 
to that of other aluminums we can use the Fish-Summers equation to 
predict the approximate perforation velocity limits and reduce the 

, number of shots required for this series of tests. 

If we take the modified Fish-Summers equation cited above, namely: 

Where pp = Projectile density g/cc ---I--- > 2.78 gicc 
> mp = Projectile mass g 

Vp = Impact Velocity km/sec 
K1 = Target Nnterial Constant 
tp = 'Thickness penetrated in cm 

------- 
------- > 10 km/sec 

Alum ----> 0.54 t o  0.57 
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We may use e i t h e r  K1 = 0.54 o r  K 1  = 0.57 i n i t i a l l y  t o  g e t  a n  i m p a c t  
v e l o c i t y  n e a r  t h a t  assumed f o r  p e n e t r a t i o n  o f  the s p e c i m e n s  c h o s e n  f o r  
t h e  i m p a c t  tests. F i g u r e  (6) i s  a p l o t  o f  p e n e t r a t i o n  t h i c k n e s s  
v e r s u s  i m p a c t  v e l o c i t y  f o r  a o n e - e i g h t h  i n c h  d i a m e t e r  aluminum pro- 
ject i le  i n t o  a n  aluminum t a r g e t  w i t h  K 1  = 0.54. We see t h a t  a 
p r o j e c t i l e  o f  t h i s  s i ze  w i t h  a v e l o c i t y  i n  t h e  r a n g e  of 5 t o  6 km/sec  
s h o u l d  p e n e t r a t e  a n  aluminum t a r g e t  r a n g i n g  f rom 0.9 cm t o  1.0 cm. 
U s i n g  0.953 cm (0 .375  i n c h )  6061-T6 aluminum p l a t e  a s  a t a r g e t  
material t o  match  t h e  0.3175 cm (0.125 i n c h )  a luminum p r o j e c t i l e  
s h o u l d  allow d e t e r m i n i n g  t h r e s h o l d  p e r f o r a t i o n  w i t h i n  t h e  c a p a b i l i t i e s  
of t h e  Vertical Gun Range F a c i l i t y .  

S e v e r a l  r o u n d s  were r e q u i r e d  t o  zero i n  on t h e  t h r e s h o l d  D e r f o r a t i o n  
l i m i t ,  which was found t o  be 5.02 km/sec.  T h i s  s u g g e s t e d  t h a t  t h e  
v a l u e  f o r  K 1  t a r g e t  c o n s t a n t  t o r  6061-T6 aluminum s h o u l d  be  0.57. 
F i g u r e  ( 7 )  is a p l o t  of t h i c k n e s s  v e r s u s  i m p a c t  v e l o c i t y  f o r  1/8 i n c h  
d i a m e t e r  a luminum p r o j e c t i l e  and  a t a r g e t  c o n s t a n t  K 1  = 0.57. The  
t h r e s h o l d  p e r f o r a t i o n  p o i n t  i s  noted  on  t h e  p l o t .  

F i g u r e  (8) is a p l o t  o f  s u i t  t h i c k n e s s  v e r s u s  d e b r i s  d i a m e t e r  w i t h  a n  
i m p a c t  v e l o c i t y  o f  10 kmjsec .  T h i s  s u g g e s t s  t h a t  f o r  norma l  i m p a c t  t h e  
s u i t  drbris 
d i a m e t e r s  g r e a t e r  thnrl 0.35 mm a t  10 km/sec.  

t h i c k n e s s  o f  1.78 mm (0.070 i n c h )  wouia b e  pcrforaLed by 

I f  w e  c o n s i d e r  t h e  a p p e a r a n c e  o f  t h e  t a r g e t  c r o s s - s e c t i o n  a t  
t h r e s h o l d  p e r f o r a t i o n ,  earl ier work (a )  p o i n t e d  t o  t h e  d i f f e r e n c e  be- 
tween  h i g h l y  d u c t i l e  and b r i t t l e  m a t e r i a l s .  C o n s i d e r  f i g u r e  ( 9 ) ,  (a )  & 
( b ) ,  where  (a) i s  a d r a w i n g  of a b r i t t l e  material a n d  ( b )  is  t h a t  o f  a 
d u c t i l e  material  o f  t h e  same d e n s i t y .  

We see t h a t  t h e  b r i t t l e  material ,  w h i l e  s t i l l  r e t a i n i n g  a r o u g h l y  
h e m i s p h e r i c a l  c ra te r  a t  t h r e s h o l d  p e r f o r a t i o n ,  f a i l s  t h r o u g h  c r a c k s  to 
t h e  rear s u r f a c e  where  s p a l l  m a t e r i a l  h a s  been  e j e c t e d  by t h e  
r e f l e c t e d  s h o c k  wave i n t e r a c t i o n .  

For t h e  h i g h l y  duc t i l e  m a t e r i a l ,  ( g b ) ,  t h e  c ra te r  s h a p e  h a s  d i s t e n d e d  
t o  a c o n i c a l  s e c t i o n ,  of 
t h e  crater ,  and  the s p a l l  p r o d u c t s  r e t a i n e d  i n  p e t a l s  be low t h e  
crater. 

f a i l u r e  o c c u r i n g  t h r o u g h  a h o l e  a t  t h e  b a s e  

If we compare  t h e s e  f i g u r e s  w i t h  f i g u r e  (10) of t h e  t h r e s h o l d  
p e r f o r a t i o n  of 6061-T6 aluminum, w e  see some d i s t e n s i o n  and  s p a l l  
r e t e n s i o n  l i k e  a d u c t i l e  material  b u t  w i t h  some c r a c k i n g  t h r o u g h  l i k e  
t h a t  of a b r i t t l e  material .  T h i s  is i n d i c a t i v e  of b e h a v i o r  of 6061-T6 
aluminum w i t h  a b a l o n c e  be tween b r i t t l e n e s s  and  d u c t i l i t y .  

What C e r t a i n l y  a l l  i m p a c t s  w i l l  
n o t  b e  no rma l  t o  t h e  s u r f a c e .  F i g u r e  (11) shows 6061-T6 aluminum 
i m p a c t e d  a t  30 d e g r e e s  t o  normal ,  The p o i n t  i s  j u s t  be low t h r e s h o l d  
p e r f o r a t i o n .  Compare t h i s  f i g u r e  w i t h  t h a t  of t h e  p r e v i o u s  dlown f i g -  
u r e  (10) f o r  t h r e s h o l d  p e r f o r a t i o n  a t  no rma l  impac t .  The cross- 
s e c t i o n s  are cilnlost i d e n t i c a l  i n  a p p e a r a n c e .  The  v e l o c i t y  is  a b o u t  0.5 
km/sec h i g h e r  t h a n  the e a r l i e r  impact. The  c r a t e r i n g  phenomena o c c u r s  
d u e  t o  t h e  p r e s s u r e s  d e v e l o p e d  a t  impac t  which se t s  o f f  s h o c k  waves  a t  
r i g h t  a n g l e s  t o  t h e  surface a t  t h c  i m p a c t  p o i n t .  For a l l  b u t  extremely 

h a p p e n s  a t  other t h a n  normal i m p a c t ?  
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low a n g l e s  of i m p a c t ,  t h e  craters w i l l  n o t  b e t r a y  t h e  i m p a c t  a n g l e .  

The  p r e s s u r e s  d e v e l o p e d  w i l l  be gove rned  by t h e  normal  component  of 
t h e  p a r t i c l e  v e l o c i t y ,  t h a t  is,  a f u n c t i o n  of t h e  c o s i n e  o f  t h e  i m p a c t  
a n g l e .  We c o u l d  p r o b a b l y  rewrite t h e  m o d i f i e d  Fish-Summers t o  i n c l u d e  
t h i s  a n g u l a r  dependence .  

( 3 )  t p  = K1 x (pp)**(.1667) x (mp)**(.352) x (V)**(.875) x ( c o s ( p h i ) )  

Where t p  = T h i c k n e s s  p e n e t r a t e d  
pp = P a r t i c l e  d e n s i t y  
mP = 
V =  

AL = 2.78 g / c c  
mass 

p h i  = a n g l e  of i m p a c t  ( f rom norma l )  

?? 

11 v e l o c i t y  

K l  = T a r g e t  c o n s t a n t  (0.57 fo r  6061-T6 AL) 

I m p a c t  of C o a t e d  Specimens:  

Determination of the best available thermal and radiation control 
coatings was arrived at by a separate study. Two candidate coatings in 
different configurations were presented for impact study. These were 
Rluminum and Gold in both polished and sctin finishes. Also satin 
finished specimens o f  each were subjected to low-speed, high-mass 
impacts from tumbling with other materials such a5 tools, etc. These 
latter specimens had a large number of burnished areas resulting from 
these impacts. The specimens were dimensioned about 2 inch by 4 inch 
by 114 inch thick. It  was felt that maximum effect would occur if the 
high speed impacts were with particles of insufficient mass and velocity 
to penetrate the specimens but rather provide a reasonable crater and 
be as uniform as possible in the impact energies. 

With the 1/4 inch thick plates of 606l-Tb aluminum coated spcxiimens i t  
was decided to use 1/16 inch (1.59 m m )  aluminum projectiles at aroclnd 
5 km1sec velocity. This would keep the impacts below perletfatior, pcjint 
and not give rise to any large spa11 areas on their rear surfacer,. 

F i g u r e s  (12)  t o  (17)  show t h e  resu l t s  of t h e s e  s h o t s .  F i g u r e  (12 )  i s  
an  o v e r a l l  v i e w  of a l l  t h e  spec imens ,  t h e  b a l a n c e  of t h e  f i g u r e s  show 
t h e  craters  close up. The areas o f  h i g h e s t  stress i n  t h e  c o a t i n g s ,  
r i g h t  a d j a c e n t  t o  t h e  craters shoved many stress l i n e s  i n  t h e  c o a t i n g s  
b u t  no  e v i d e n c e  of any  debond ing  o r  c r a c k i n g  o f  t h e  c o a t i n g s .  Whatever  
c o a t i n g s  a re  used  i t  a p p e a r s  t h a t  a l l  t e s t e d  v e r y  w e l l  u n d e r  h i g h  
s p e e d  impac t .  

C o n c l u s i o n s :  

The  s e l e c t i o n  of GOG1-TG Aluminum f o r  s p a c e  s u i t s  f o r  u s e  on  t h e  s p a c e  
s t a t i o n  would a p p e a r  t o  be  wor thwhi l e .  The  r e l a t i v e l y  d u c t i l e  b e h a v i o r  
of 6061-T6 aluminum is b e t t e r  t h a n  a c h o i c e  of a more b r i t t l e  
material. 

T h e  c o a t i n g s  s e l e c t e d  show n o  s i g n s  of f a i l u r e  o c c u r i n g  a r o u n d  t h e  
i m p a c t  c ra te rs  as o t h e r  materials m i g h t  w e l l  do. 

The s u i t  f o r  l o n g  term o r b i t  use  will likely i n c l u d e  i n s u l a t i o n  mater- 
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ials. These can only act beneficially in reducing ballistic limits. 

B i b 1  iography 

(a) Fish, R. H. & Summers, J. L. Threshold Perforation of Various 
Materials - 7th HyperVelocity Impact Symposium, 1964 
Tampa, Florida 
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10 ' shor t  proyr-am t o  cal cul ate peiletr-a1.i  oil t l l i  c k i i e s z  of  
!0 'aluminum space 5 u i t 5  u s i n g  thr-est iold per f o r - a t i o n  -Formula 

30 'author d i c k  f i s h ,  iiasa a m e 5  r e s e a r c h  center 1985 
4 0  'Get the d a t a  i f  d i  C f e r  ent f r o m  dEt+aillts: ( F U R  ALUM) 
50 V = 10 : RD = 2-78  : K 1  = -57 : I<lt=="CiLUI. l INlJM" 
60 DIM X (101  ) , Y  ( la1  1 

L5 FH1NT:PRINT:F'RINT 
7 0  F'RIbJT " 7 - h i 5  program calculates t l i e  Thi-e~lhol l l  p e r f o r a t i o n "  
00 P R I N T  " f o r -  debris impact i n t o  s t r  ur-tui e5 1I.i i lea- earth orbil" 
WZl PRINT " I n p u t  w i l l  b e  asl:ed f a r ,  a ' 1 1 '  ~ I ~ w E ? I - -  w i l l  select" 
1130 PFcIt\IT " d e i a u l t  valutns. .. . 'I : I-'t?It41 : I%lPU 
11D II4F'UT "Clhaiqe veloci \:y of p r - c i j e c t i  le'? ( d i t  1ID I ; m / 5 1 = c )  L Y / N 3  " : H f  
1'70 I F  e.$ ,lly I t  CJR 4.s = I v y  11 THEN 14ld 

140 INPUl "Lnter-  n e w  ve luc i  t y  i n  decimal km/sec ( X .  X 1 " : V  
150 INPUT " C l i a n y e  projerlti l e  d c n s i  ty (d f  t 2. 7 0 )  CY/tJ3  " ; E $  
168 IF D$ = " Y "  [IR El$ ="y" rtIEN 180 
170 I F  l3-S ="N" C3R I35 = " I ) "  1IIEtJ 190 ELSE 1 3 3  
180 INPUl "Enter n e w  p r  o - j e c t i l e  r j e r i s i t y  i r i  qnic-/c-c ( X - X X  ";It0 
15'0 INFUT "Lhar.hge targc-?t c o n s t a n t  Kl';' (dF t is AI-U;-11NUM=.57) C Y / E 4 3  ";E$ 
200 I F  CB = " Y "  OR C$ ="y"  rtiEN 22Ql 
210 I F  ='IN" (IR C9 ="n" THEN 230 E L S t  15'GI) 

220 INPUT "Enter  n e w  tar-get conrstant (emperical  d a t a )  (. X X )  ' ' ; l : ; l  
3 7 r =  l . L ~  LINE INI'lJT "What i s  tlie new inaterial? " ; K 1 $  
3 &-.0 :I V 1  = V'..(.El'75) : t l  =L ( - S 2 3 6 ) * R U  L)1 = I < O . " ( . 1 6 6 7 )  
240 DEF F N A ( X )  = Kl*Dl*Vl* ( X " ' . 3 S 2 )  
245 F'RINT:FRIi\ IT 
2'50 P R 1 N T " F i  1 l i n g  a r r a y  w i t 1 1  t a r  y e t  t h i c l . n e r , s  v s  projectile d i a i n - t e r -  values" 
26D FOR I = t u  10U 
270 X ( 1 )  = I/280 
2-75 t l 1  =; ( X  ( I )..'-3) 0l.l 
280 Y ( I )  = F N A ( E I 1 )  
2Yv1 NEXI- I 
3 C U  Ct IA  I N  I' PLOT XY 'I , EJUDld 
939 END 

62 CoiirioiJ x ( ) , Y t 

3 38 I F  ="Id" UR A$ =''I)'' THEN 150 ELSE 1 ID 












