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A E ~ S T R A C  T 

The ob jec t ives  of th i s  e x p e r i m e n t  w e r e  to  d e t e r m i n e  F - 1 0 0 F  

r e s p o n s e  to m e a s u r e d  loads  imposed  f r o m  weapons in the GAM-83B 

yield r a n g e ,  v e r i f y  ex i s t ing  s t r u c t u r a l  a n a l y s i s  of a n  F - 1 0 0 F  

exposed  to  t h e s e  loads ,  and eva lua te  the e f f ec t iveness  of dev ices  

des igned  to p r o t e c t  e y e s  f r o m  f l a s h  b l indness  and r e t ina l  b u r n s .  

The F-1OOF was p r o g r a m m e d  to f ly  a n o r m a l  GAM-83B leve l ,  

o f f se t -de l ive ry  fl ight path and was cont ro l led  by MSQ-1A ground 

pos i t ion ing  r a d a r  s o  a s  to a r r i v e  o v e r  a p r e d e t e r m i n e d  point at  

t ime  of detonation. This  d e s i r e d  location was  where  the F-100F 

migh t  have been  had the a i r c r a f t  ac tua l ly  de l ive red  the weapon. 

The a i r c r a f t  w a s  i n s t r u m e n t e d  to m z a s u r e  loads  imposed ,  a n d  to 

m e a s u r e  r igid body r e sponse  and dynamic  r e s p o n s e  to  t hese  loads .  

The r e a r  s e a t  o b s e r v e r  was  outfitted with a s p e c i a l  v i s o r ,  

deve loped  by t h e A e r o m e d i c a 1  L a b o r a t o r y ,  to p r o t e c t  h i s  e y e s  f r o m  

f l a s h  b l indness  and r e t ina l  b u r n s .  

p r o t e c t e d  with a patch and viewed the detonation with the unpatched 

eye  through the p ro tec t ive  v i s o r .  

The o b s e r v e r  had one e y e  

The a i r c r a f t  was  posit ioned within the  s t r i n g e n t  r equ i r e  - 
m e n t s  n e c e s s a r y  t o  obtain meaningfu l  data .  Postshot examina -  

tion of the a i r c r a f t  showed no s i g n s  of damage .  

u f e r e  .found on the o b s e r v e r  and he s t a t ed  that  h e  did not e x p e r i -  

ence  a n y  f l a s h  b l indness  o r  a f t e r  image .  

No r e t ina l  b u r n s  

- 
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PR EFAC-E 

Due to  the  two comple t e ly  s e p a r a t e  problems 'involved in  

sa fe ly  p e r f o r m i n g  the  GAM-83B Miss ion ,  t h i s  r e p o r t  is wr i t t en  

in two d i s t inc t ly  s e p a r a t e d  p a r t s .  Part I, w r i t t e n  by the  

P r o j e c t  Off icer  Capt .  B e r n a r d  C. L o r e n z ,  is conce rned  only 

with the a i r c r a f t  r e s p o n s e  t o  the  weapon effects .  

wr i t t en  by Major P a u l  U'. Lappin ,  6570th A e r o s p a c e  Medica l  

R e s e a r c h  L a b o r a t o r i e s  is  conce rned  only with the e f f ec t s  of 

the detonation on the e y e s ,  the p ro tec t ion  a f forded  by the 

e x p e r i m e n t a l  eye v i s o r  and  the abil<.ty of t he  pilot t o  

p e r f o r m  the m i s s i o n .  

P a r t  11, 

T h i s  m i s s i o n  was  success fu l ly  a c c o m p l i s h e d  b e c a u s e  the 

a i r c r a f t  w a s  p r e c i s e l y  posit ioned a t  t i m e  of detonation. 

to the  uncanny posit ioning sk i l l s  required, and the danger inherent in the 

m i s s i o n ,  it s e e m s  fi t t ing to  pay p a r t i c u l a r  t r i b u t e  to  the  MSQ 

Operator ,  Cap t .  R u s s e l l  X. Greenf i e ld ,  the r e a r  s e a t  obse rve r ,  

Capt.  Luc ien  D. Wise.  and  the pilot ,Capt.  L a r r y  D. McClain.  

Due 

. 
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Part 1 

NUCLEAR WEAPON EFFECTS ON F-100F 
SIMULATING DELIVERY O F  GAM-83B - 

CHAPTER 1 

IN T R O D  U C TI0  N 

1 . 1  OBJECTIVES 

The  p r i m a r y  objec t ives  of this  e x p e r i m e n t  w e r e  t o  obtain 

da t a  on: (1) gus t  and d i f f rac t ion  loadings imposed  on an  a i r c r a f t  

us ing  of fse t -de l ivery  techniques  to d e l i v e r  a GAM-83B, and  (2) 

F-100F r e s p o n s e  .to loadings  imposed  b y  

de  tonat ion.  -1) The s e c o n d a r y  object ive w a s  to ve r i fy  an  ex is t ing  a n a l y s i s  

of F - l O O D / F  a i r c r a f t  having verti ;al  g u s t s  imposed  f r o m  de l ive ry  

of a GAM-83B ( R e f e r e n c e  2 ) .  

1 . 2  BACKGROUND 

The GAM-83B was  developed a f t e r  the n u c l e a r  weapon t e s t -  

ing m o r a t o r i u m  and  is soon scheduled  to be ope ra t iona l .  

L a c k  of spec i f i c  p roven  da ta  h a s  s e r i o u s l y  l imi t ed  the 

confidence i n  USAF ab i l i t y  to  determine safe  s e p a r a t i o n  d i s t ances  

be tween d e l i v e r y  a i r c r a f t  and GAM-83B m i s s i l e s .  

s e r v a t i v e  a s s u m p t i o n s  a r e  n e c e s s i t a t e d  t o  insure safe  sepa ra t ion .  

V e r y  con-  

The d a t a  f r o m  th is  e x p e r i m e n t  wil l  measurably i n c r e a s e  the 

knowledge ava i lab le  and p e r m i t  l e s s  c o n s e r v a t i v e  a s s u m p t i o n s  

and a g r e a t e r  d e g r e e  of a c c u r a c y  in  p red ic t ing  sa fe  s e p a r a t i o n  

d i s t a n c e s .  11 



1 . 3  THEORY 

A s t r u c t u r a l  a n a l y s i s  of.the' F - l O O D / F  k s  been conducted 

by N o r t h  A m e r i c a n  Aviat ion (Refe rence  1). T h e  a n a l y s i s  definee 

spec i f i c  a i r c r a f t  l imi t a t ions  t o  va r ious  effects  of n u c l e a r  de tona -  

t ions in the yield r a n g e  of the  GAM-83B warhead .  T w o  conditions 

a t  t i m e  of shock  a r r i v a l  w e r e  invest igated,  one in which the shock  

s t r i k e s  the a i r c r a f t  on the bot tom a t  vary ing  ang le s ,  and the o the r  

in which  the shock  s t r i k e s  the a i rc raf t  on the s ide.  

men t  is only conce rned  with the f o r m e r  c a s e ,  as  is  the r e m a i n d e r  

oi this  d i s c u s s i o n .  

Th i s  e x p e r i -  

T h e  ~ n a l y s i s  s h o w s  that the a i r c r a f t  h a s  a l imi t  of 3 p s i  in 

o v e r p r e s s u r e .  

upon the  g u s t  im?in~ernelit angle .  a i r c r a f t  velocity and s teady-s ta te  

Limi t ing  gus t  velocity i s  shown to be dependent  

C load  at  t i m e  of shock a r r i v a l  

A l l  GAM-83B d e l i v e r y  e scape  m a n e u v e r s  spec i fy  a 4g 

b reakaway  tu rn  t o  be ma in ta ined  through shock a r r i v a l ,  therefore ,  

dur ing  th i s  e x p e r i m e n t ,  the F-1OOF w a s  p r o g r a m m e d  to  be in a 

s t e a d y  4g t u r n  a t  t ime  of shock impingement. The  a i r c r a f t  velocity 

was  s e t  a t  and  posit ioned so  that  the impingement ang le  
~~~ 

would be 9@ d e g r e e s .  Under these  conditions the  l imit ing gust 

for the F-lD@F (ex t r apo la t ed  value based  on 

for  the F-100D. T h e  c r i t i c a l  W 
m veloc i ty  is 

F-IOOD g u s t  l i m i t s )  and 

point on t h e  a i r c r a f t  to gus t  loading is t he  fuse l age  s i d e  panel,  

F u s e l a g e  S ta t ions  334 to 389. T h i s  panel would fai l  in s h e a r  



Safe-escape s tud ie s  ind ica te  that the de l ive ry  a i r c r a f t  

would encounter  3-ps i  o v e r p r e s s u r e  a s  a l imi t ing  c r i t e r i a  only 

when de l iver ing  the CAM-83B with v e r y  s m a l l  offset  d i s t ances  

(Refe rence  2) .  

~- 

Gust b e c o m e s  l imi t ing  on the  a i r c r a f t  with g r e a t e r  offset  

d i s t ances ,  r equ i r ing  a m a x i m u m  s e p a r a t i o n  d is tance  a t  t ime  of 

b u r s t  when the b u r s t  t akes  p lace  a t  an  angle  somewhat  l e s s  than 

45 d e g r e e s  off the n o s e  of the a i r c r a f t .  

of the  a i r c r a f t  would then c a r r y  i t  to a point w h e r e  the gus t s  

would be imposed.  

T h e  e scape  m a n e u v e r  

No t e s t  data  i s  ava i lab le  to  ve r i fy  t h e s e  s tud ies  fo r  the 

F-1OOD o r  F. 

13 



- CHAPTER 2 

PROCEDURE 

T h e  expe r imen t  took p lace  in Gonjunction with Shot Small  

Boy which had a yiel  -d a height of 

b u r s t  of 10 f e e t  above ground. Th i s  p a r t i c u l z r  shot was  d e s i r -  

nd is  a lways  a ground burs t .  

2 .  1 OPERATIONS 

2. 1. 1 Ground Radar .  One MSQ-1A (ground-installed 

posit ioning r a d a r )  was  u s e d  to accu ra t e ly  cont ro l  the F - 1 0 0 F  s o  

t h e  a i r c r a f t  would + r r i v e  a t  a p rede te rmined  point a t  t ime of 

detonation. 

beacon to  fac i l i t a te  r a d a r  pickup. 

The a i r c r a f t  wzs equipped with an  APW 11A r a d z r  

The MSQ-lA ground positioning r a d a r  included a plotting 

board  and a n  auromatic  pen follo\r.er which followed t h e  actuz! 

posit ion 01 the a i r c r a f t .  

pa th  u p  t o  15  seconds  p r i o r  to t ime  of detonation were  located on 

the board .  

Ground z e r o  and  the d e s i r e d  flight 

Voice communica t ion  between MSQ and the a i r c r a f t  was 

main ta ined  by u l t r a  high f requency  rad io ,  340. 0 &. 

equipment  was  placed in a posit ion which enabled i t  to  have an 

un in te r rup ted  view of the a i r c r a f t  throughout i t s  flight path and 

was  tu rned  off a t  15 seconds  p r i o r  to t i m e  of detonation. 

The  MSQ 



2. 1. 2 

Communica t ions  between the pro jec t  office and the MSQ 

Site  Office.  A projec t  office was  s e t  up  a t  the t e s t  

s i t e .  

s i t e  w e r e  ma in ta ined  by DOP radio.  

r e c e i v e d  on t h i s  r a d i o  a t  the MSQ. s i t e .  

F l igh t  Path.  

Voice countdown was  a160 

2.  1. 3 The  F - 1 0 0 F  depar ted  Nel l is  A i r  F o r c e  

Base, Las Vegas, Nevada with drop tadis installed, on the date of the test. 

With d r o p  tanks ,  t h e r e  was  enough f u e l  f o r  approximate ly  50 

m i n u t e s  a t  the t e s t  s i te .  

a p p r o x i m a t e l y  25 minu tes  p r i o r  to  detonation. 

a s s u m e d  a holding pa t t e rn  to  the southwes t  of ground z e r o  under  

c o n t r o l  of MSQ. The  a i r c r a f t  depa r t ed  the holding pa t t e rn  so a s  

T h e  tanks were  dropped in a c l e a r  a r e a  

The  a i r c r a f t  

to a r r i v e  a t  a point f r o m  ground z e r o  a t  t ime of deto-  

nation. 

rne r i g h t  of the fl ight path. 

The  detonat ion took place approx ima te ly  3 5  d e g r e e s  to 

The a i r c r a f t  maintained a ground 

s p e e d  of and  rn  al t i tude of 1, 500 feet  above b u r s t  

throughout  i t s  f l ight pa:k 

The  pilot  was  ins t ruc ted  to execute  a n o r m a l  e scape  

m a n e u v e r  a t  z e r o  t i m e  o r  a t  a r r i v a l  a t  a poin -from 

g round  z e r o  ( G Z ) ,  whichever  o c c u r r e d  f i r s t .  A ground-located 

point. The e scape  m a -  - v i s u a l  m a r k e r  identified the 

neulrer consisted of a 4g. coord ina ted  t u r n  to  the left.  continuing 

until  a f t e r  t i m e  of shock  a r r i v a l .  

Af t e r  the expe r imen t ,  the a i r c r a f t  landed a t  Indian Spr ings  

A i r  Force Base, Indian Springs, lievada for decontamination. 



2 .  1. 4 R e h e a r s a l s .  A l l  e q u i p m e n t  w a s  in  p l a c e  a n d  r e a d y  

f o r  o p e r a t i o n  b y  1 J u n e  1962.  

a f t e r  t h i s  d a t e  u n t i l  t h e  d a t e  of the  t e s t .  

2 . 2  P O S I T I O N I N G  

R e h e a r s a l s  took p l h c e  f r e q u e n t l y  

T h e  a i r c r a f t  was p o s i t i o n e d  to r e c e i v e  t h e  e f f e c t s  from a 

v e l o c i t y  

d e t o n a t e d  a t  3 0 0 0  f e e t  m e a n  s e a  l e v e l .  T h e  a i r c r a f t  w a s  t o  h a v e  a 

l y i n g  1,500 f e e t  a b o v e  b u r s t ,  a p p r o a c h i n g  

g r o u n d  z e r o ,  o f f s e t  t o  t he  l e f t  i n  s t r a i g h t  a n d  l e v e l  f l i g h t .  

d e t o n a t i o n  the  a i r c r a f t  was,:f$.initiate a 4 g  l e v e l  b r e a k a w a y  t u r n  

to t h e  l e f t  a n d  b e  f u l l y  e s t a b l i s h e d  i n  t h i s  t u r n  

a f t e r  d e t o n a t i o n .  T h e  a i r c r a f t  was t o  r e m a i n  in  t h i s  t u r n  u n t i l  

a f t e r  s h o c k  a r r i v a l .  ( S e e  Figure 2 .  1 f o r  f l i gh t -pa th  g e o m e t r y ) .  

A f t e r  

3 s e c o n d s  

2 .  2 .  l L i m i t i n g  E f f e c t s .  F o r  the  F-100F a i r c r a f t ,  f l y i n g  

at-, 4 5 0 0  f e e t  a l t i t u d e  ( m e a n  s e a  l e v e l s )  a n d  i n  2 4g l o a d  

f a c t o r  t u r n ,  the l i m i t  n o r m a l  g u s t  v e l o c i t y  is 

\ \ 'her  e : 
\iJp = gust velocib,  f t /sec 

0 = impingement  angle ,  deg rees  

T h e  i m p i n g e m e n t  a n g l e  i s  the a n g l e  b e t w e e n  the  f u s e l a g e  r e f e r e n c e  - l i n e  a n d  t h e  d i r e c t i o n  of the  gust v e l o c i t y .  The v a l u e  o 

w a s  o b t a i n e d  b y  u t i l i z i n g  e x t r a p o l a t e d  F-100D d y n a m i c  d a t a  ( R e f -  

e r e n c e  I . ) .  E i g h t y  p e r c e n t  of l i m i t  n o r m a l  gust v e l o c i t y  w a s  u s e d .  



T h e r e f o r e  the l i m i t  n o r m a l  gust  veloci ty  f o r  this  expe r imen t  was  

The o v e r p r e s s u r e  l i m i t  for  the F-100D a i r c r a f t  i s  3 psi 

(Refe rence  3 ) .  

the l i m i t  o v e r p r e s s u r e  on the F-100F i s  s ignif icant ly  d i f fe ren t  

than tha t  of the F-100D, the re fo re  a l i m i t  o v e r p r e s s u r e  of 3 ps i  

w a s  used  f o r  this  expz r imen t .  

T h e r e  is no appa ren t  r e a s o n  f o r  suspec t ing  that 

A total n u c l e a r  radiat ion Limit of 5 r em nas se t  for each individual 

par t ic ipa t ing  in the Smal l  Boy exper iment .  

F o r  the pu rposes  of this expe r imen t  a thermal radiation 

limit on the unprotected crew was set at 2 cal/cm2 since this is 

the approx ima te  pain threshold  f o r  humans .  

2 .  2 . 2  Posi t ioning lo r  Limi t ing  Effec ts .  Since the a i r c r a f t  

r e sponse  to  gust effects  was  the d e s i r e d  d a t a ,  the ideal posit ion 

f o r  the a i r c r a f t  was  along a fl ight path such  that the no rma l  c o m -  

mllll ponent of the gus t  imposed  on the a i r c r a f t  was  maximu 

and the o the r  e f f e c t s  were  not c r i t i c a l .  

F o r  a given total-gust veloci ty ,  i t  i s  evident  that  the c o m -  

ponent of gust veloci ty  n o r m a l  to  the a i r c r a f t  is g r e a t e s t  when 

the impingement angle  is 90 d e g r e e s .  Thus,  f o r  any d e s i r e d  nor-  

malgust  veloci ty  component ,  the a i r c r a f t  would be a t  max imum 

dis tance  f r o m  the detonation a t  t ime  of shock  a r r i v a l ,  if the 

imp ingemen t  angle  of the gust  was 90  d e g r e e s .  Th i s  a r r a n g e m e n t  

would cause  the a i r c r a f t  to be a t  the g r e a t e s t  possible  d is tance  
- 
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f r o m  ground z e r o  a t  t ime of detonation and thus d imin i sh  the 

e f f cc t s  of t h e r m a l  and n u c l e a r  r ad ia t ion .  

this  posi t ioning a p p r o a c h  i s  that  a n y  deviat ion f r o m  d e s i r e d  

longitudinal posi t ion along the f l ight  path a t  To would c a u s e  a 

d e c r e a s e  in  impingement angle  and a co r re spond ing  d e c r e a s e  in 

the n o r m a l  gust-\.elocity component .  

of s a f e t y  a s  a pro tec t ion  aga ins t  posit ioning e r r o r s  dur ing  the t e s t ,  

s i n c e  the d e s i r e d  n o r m a l  g u s t  component  was  the m a x i m u m  value 

a t t a inab le .  

A f u r t h e r  advantage of 

T h i s  afforded a built-in f a c t o r  

Ha\. ing a kn0,r.n d e s i r e d  g u s t  \ ,elocity,  a known yield and 

height 0: b u r s t  and a knoivn al t i tude of the r e c e i v e r  a i r c r a f t ,  the 

r equ i r ed  slant-rEngz eni 'elope and t i m e  of shock  a r r i v a l  to that 

cu rve  w a s  computed  (Reference  4 ) .  - ;.iter d e t e r m i n i n g  the l o c u s  of  points defining the 

g u s r ,  the e s a c t  po:nt where  the fright p i t h  of the a i r c r a f t  would be 

t 2 n g ' n t  to  this  C U T \ E -  u a s  det?rmined,and ther? the a i r c r a f t  w a s  

backed u p  a long  i t s  f l igh t  path t o  the point i t  would be a t  t i m e  of 

b u r s t .  

Table 2 .  1 5ho\-.,s the planned a i r c r a f t  location in r e l a t ion  to  

ground z e r o  a t  t i m e  of detonation and t ime of shock  a r r i v a l .  

F i g u r e  2 . 2  s h o u s  the planned a i r c r a f t  t r a j e c t o r y  through the 

final phase  of the f l ight  pa th ,  and l imi t ing  posi t ions a t  detonation 

and shock  a r r i v a l  t i m e s  fo r  a l imi t  n o r m a l  gus t  velocity of 



.- . 

TABLE 2. 1 AIRCRAFT POSITION 

T i m e  of T i m e  of 
Detonation Shock A r r i v a l  - - 

Ground Range - - Horizonta l  Range  

Offse t  D i s t ance  

Slant  Range  

Impingement Ang 1 e e = 90 d e g r e e s  

2.  2 .  3 Fl ight  Pa: tern Cont ro l .  The posit ioning pa t t e rn  w a s  

The  pa t t e rn  t e r r n i n -  d rawn  on the plotting board  of the MSQ-1A. 

a t e d  a t  the poin; f o r  which the a i r c r a f t  was p r o g r a m m e d  a t  t ime 

of detonat ion ( s e e  Figure 2.  3 )  

The  p i t t e r n  cons i s t ed  of t w o  para l l e l  l ines  lying on a 058-de- 

g r e e - t r u e  heading separt t ted by a d is tance  equal to the d i a m e t e r  

o i  a 2-minute tu rn  of an F - 1 0 0  t rave l ing  a t rue .  

One t r a c k  t e rmina ted  a t  the 6 e s i r e d  locat ion f o r  the a i r c r a f t  

a t  t i m e  of detonat ion (To) .  

f i n a l  r u n  of the a i r c r a f t .  T h i s  t r a c k  was m a r k e d  in  5 -  second 

T h i s  was  the inbound t r a c k  f o r  the 

outbound f r o m  the T point. The  t ime  
0 

i n c r e m e n t s  

m a r k s  r e p r e s e n t e d  d e s i r e d  a i r c r a f t  posi t ion on the inbound leg in  

r e l a t ion  t o  t i m e  to  go. 

T h e  d i sp laced  t r a c k  (d isp laced  to  the no r thwes t )  w a s  the  out - 
bound leg .  T h i s  t r a c k  was a l s o  m a r k e d  in 5 -  second i n c r e m e n t s  
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o u t b o u n l  f r o m  the T point ,  excep t  tha t  s t a r t i n g  a t  a point opposi te  

0 

the To locat ion the in i t ia l  t i m e  m a r k  was  2 minu tes  to g o .  

The a i r c r a f t  w a s  tu rned  onto the outbound t r a c k  a t  approx ima te ly  6 

m i n u t e s  to go and  flown outbound until  the t i m e  t o  go on the voice count 

equal led  the t ime-to-go h a s h  m a r k  tha t  the a i r c r a f t  was pass ing  on 

the outbound l eg .  

t u r n  t o  the inbound l e g .  

A t  t h i s  t i m e  the a i r c r a f t  w a s  put into a 2-minute  

Upon rollout on the inbound l e g ,  the a i r c r a f t  was v e r y  n e a r l y  

m e r g e d  \vith time-ro-go countdotin and t i m e  m a r k s ,  and s l igh t  

c o r r e c t i o n s  w e r e  made  with speed  change to  account  f o r  thes?  e r r o r s .  

A t  T minus 15 seconds, the aircraft  !\'a ehind the p re -p rosamed  

positioii a n i k o  the left of the desired flight path. A t  this time, the bISQ-14 

\\as tumed o i l ,  and no further control \vas accomplished. This \vas due to the limi- 

ta t ions p l s c e d  or. r a d a r  t r a n s m i s s i o n s  b y  o t h e r  par t ic ipa t ing  p ro jec t s ,  

F r o 3  :he T-minus - i i - s econds  point, the a i r c r a f t  was  k e p t  on the 

l a s t  a s s i g n e d  heading  and a i r s p e e d  until  t i m e  of detonat ion o r  a r r i v a l  

a t  the Yisual m a r k e r ,  ~ t h i c h e v e r  o c c u r r e d  f i r s t .  A t  t h i s  t ime  the 

pilot ini t ia ted t h e  progr; .mmed escape  m a n e u v e r .  See  F i y r e  2 .  3 

f o r  d i a g r a m  of flight p a t t e r n .  

T h i s  f l ight  pa t t e rn  i s  a d e p a r t u r e  f r o m  p a s t  pa t t e rns  u s e d  f o r  

posi t ioning f o r  n u c l e a r  tes t ing .  

p r i m a r y  r e a s o n s :  

ing s p a c e  ava i lab le ,  ( 2 )  Poss ib i l i t y  of shot  de l ay  and  r e s u m p t i o n  of 

coun tdoun  la te  in the t ime  s squenc ing  r equ i r ed  a posi t ion p a t t e r n  

u,hich would prolride a c c u r a t e  posit ioning with a m i n i m u m  of avai lable  

t i m e .  

It w a s  developed because  of t w o  

( 1 )  T e r r a i n  f e a t u r e s  s e v e r e l y  l imi ted  the m a n e u v e r -  
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2 . 3  INSTRUMENTATION 

The i n s t r u m e n t a t i o n  on the F-100F was  e s t ab l i shed  to m e a s u r e  

and  r e c o r d  r ig id  body and dynamic  r e s p o n s e  to  gus t ,  o v c r p r e s s u r e ,  

t h e r m a l  r ad ia t ion  and n u c l e a r  radiat ion.  

a c c e l e r o m e t e r s ,  s t r a i n  g a g e s ,  g y r o s ,  p o t e n t i o m e t e r s ,  a r a d i o m e t e r ,  

a c a l o r i m e t e r ,  p r e s s u r e  t r a n s d u c e r s ,  and d o s i m e t e r s .  Ca l ib ra t ion  of 

these  d e v i c e s  was  p e r f o r m e d  in the l a b o r a t o r y ,  with the except ion  of 

the s t r a i n  gages .  

The s y s t e m  cons i s t ed  of 

Because  of the s h o r t  l ead  t ime and a i r c r a f t  s t r u c t u r e  involved, 

it was  no t  p r a c t i c a l  to  r e m o v e  the s i d e  pane l s  f r o m  the a i r c r a f t  in 

o r d e r  to c a l i b r a t e  the s t r a i n  gages .  

c sn ip l i shed  ‘by plott ing s t r e s s  v e r s u s  ve loc i ty  f o r  z e r o  g m a n e u v e r s  

and  ex t r apo la t ing  back  to z e r o  ve loc i ty  us ing  the l g  plot a s  a guide. 

Us ing  this  a p p r o a c h  it is  poss ib le  to obtain s t r e s s  va lues  the s a m e  

as i f  the pane l  w e r e  unloaded.  

of t 1 0  p e r c e n t  ( s e e  Figure 2. 4 ) .  

In-flight cal ibrat ion was  a c -  

T h e s e  va lues  would have an  a c c u r a c y  

Most  of the i n s t r u m e n t a t i o n  u s e d  on the F - 1 0 0 F  was  e x t e r n a l l y  

mounted .  

pane l s  to a l low f o r  i n t e r n a l  mounting.  

w e r e  a l s o  e x t e r n a l l y  affixed to  the aircraft with a n  epoxy b a s e  bind-  

ing agen t .  

the a i r c r a f t  t o  a 15, 000-foot m a x i m u m  al t i tude because  of t e m p e r a t u r e  

l i m i t a t i o n s  of the b inder .  

T ime  ava i l ab le  f o r  i n s t r u m e n t a t i o n  prec luded  r emov ing  s k i n  

Lead  w i r e s  to  the i n s t r u m e n t s  

The i n s t r u m e n t a t i o n  a r r a n g e m e n t  n e c e s s i t a t e d  l imi t ing  

A s t a n d a r d  o s c i l l o g r a p h  r e c o r d i n g  s y s t e m  was  u s e d  to r e c o r d  the 

outputs of the v a r i o u s  t r a n s d u c e r s .  



The following p a r a m e t e r s  w e r e  r eco rded :  

a .  A i r s p e e d  

b. Altitude 

c .  Angle of At tach  

d .  Angle of Yaw 

e .  P i t c h  Rate  

f .  Yaw Rate  

g. Rol l  Rate  

h .  Ro l l  Angle 

i .  C .  G. Ver t i ca l  g 

j .  T a i l  Ver t i ca l  g 

k. Rose  Ver t ica l  g 

1. 

m.  

n .  

0. 

p. 

q .  

r. 

5 .  

t. 

u. 

v. 

w. 

S t r a i n  Gage (Upper)  334 Left  

S t r a i n  Gage ( L o u , e r )  334 Lef t  

S t r a i n  Gage (Upper)  334 Right 

S t r a i n  Gage ( L o w e r )  334 Right 

S t r a i n  Gage (Upper)  362 L e f t  

S t r a i n  Gage ( L o w e r )  362 L e f t  

S t r a i n  Gage (Upper)  362 Right  

S t r a i n  Gage ( L o w e r )  362 Right 

S t r a i n  Gage (Upper)  390 Lef t  

S t r a i n  Gage ( L o w e r )  390 Lef t  

S t r a i n  Gage (Upper)  390 Right 

S t r a i n  Gag? ( L o w e r )  390 Right - 
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x. 

x. Ver t i ca l  Acce l  Le f t  Wi,ng Tip ,  F r o n t  S p a r  

a a .  V e r t i c a l  Acce l  Fuse1age.C. G. 

bb. Ver t i ca l  Acce l  N e a r  Nose 

cc .  V e r t i c a l  Acce l  N e a r  Aft End  

dd.  L a t e r a l  Acce l  F u s e l a g e  C. G. 

e e .  L a t e r a l  Acce l  F u s e l a g e  Nose 

ff .  L a t e r a l  A c c e l  F u s e l a g e  Aft 

gg. L a t e r a l  Acce l  V e r t i c a l  S t ab i l i ze r ,  F r o n t  S p a r ,  T ip  

hh. Longi tudinal  Acce l  Fuse lage  C. G. 

ii. P r e s s u r e  T r a n s d u c e r  ( O v e r p r e s s u r e )  L e f t  Side 

F u s e l a g e  F o r w a r d  

P r e s s u r e  T r a n s d u c e r  ( O v e r p r e s s u r e )  L e f t  Side 

F u s e l a g e  Mid 

kk. P r e s s u r e  T r a n s d u c e r  ( O v e r p r e s s u r e )  Left Side 

F u s e l a g e  Ver t i ca l  F i n  

V e r t i c a l  Acce l  Right Wing Tip, F r o n t  S p a r  

jj. 

11. C a l o r i m e t e r  

mm. R a d i o m e t e r  
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P L  AN V/EbV 
[NOT TO SCALE) 

Figure 2 .1  Fl ight  paUi geomet ry .  
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Figure 2.3 Flight pattern. 



Figure 2.4 Strain gage calihration. 



RESULTS 

3 .  1 AIRCRPlFT POSITIOX 

A s  2 r e s u l t  0: a c c u r z t P  g r o u n d  r a d a r  e q u i p m e n t  a n d  c o n t i n u o u s  

p r a c t i c e ,  :he r a d a r  c o n t r o l l s r  v:as a b l e  l o  p o s i t i o n  the a i r c r a f t  with-  

i n  t h e  s r r i n g e n r  r e q u i r e m e n t s  n e c e s s z r y  to  o b t a i n  m c a n i n g i u l  d a t z  

?.: T m i n u s  15 s e c o n d s  t h e  a i r c r a f t  u ' a s  P e h i n d  the  p r e .  

p:oErarnrned p o s i t i o n  a n  o t h e  !err of the d 2 s i r e d  f l i g h t  p a t h  

( G r o u n d  r z d a r  \ vas  s h u t  off  l j  s e c o n d s  p r i o r  to d e t o n a t i o n  s o  a s  not 

to  i n t e r l e r e  ivi:h o t h e r  p r o j e c t s  n e 2 1  g r o u n d  z e r o ] .  

aL t lme o i  d e t o n z t i o n  \ v a s  d e t e r m i n e d  by  u s i n g  f l i gh t  p a r a m e t e r  r e a d .  

o u t s  f r o m  i n s t r u m e n t s  insczL!el i n  the a i r c r a i : .  

T.A.aLE 3 ,  I $ . IRCR>,FT POS!TIOS ;.T DETOX.4TIOS 

T h e  a i r c r a f t  p o s i l i o n  

?re  - P r o g r a m m e d  T e s t  D a y  
?os  i t  ion P o s i t  ion 

O f f s e t  D i s t a n c e  

H o r i z o n t a l  R a n g e  

G r o u n d  R a n g e  

S l a n t  R a n g e  

The a i r c r a f t  p o s i t i o n  2: t!n;e of s h o c k  a r r i v a l  w a s  a l s o  d e t e r -  

m i n - d  b y  u s e  01 i n s t r u m e n t  readouts ,  

u n i i l  s h o c k  a r r i v a l .  

and  v e r i f i e d  by  [he t i m e  e l a p s c d  



T A B L E  3 . 2  A I R C R A F T  POSITION A T  TIME O F  SHOCK ARRIVAL 

- 

P r e  - P r o g r a m m e d  T e s t  Day 
Pos i t i on  Pos i t ion  - -  - -- L 
0 

Slant  Range  - -  -- Offse t  D i s t a n c e  

Hor i zon ta l  Range  

Ground Range 

Impingem en t a n  g 1 e 

T i m e  of Shock A r r i v a l  

-. 
The i n c r e a s i n g  e r r o r  be tween ac tua l  and d e s i r e d  posi t ion \\Pas 

due to  : (1) initial a i rcraf t  velocit) error,  (2) being established in  the 4-g 

turn too early,  (3) initial positioning errors ,  and (4) decreasing airspeed i n  

the breakaway turn. 

A plan vie\r  of the d e s i r e d  and ac tua l  f inal  phase  of the flight 

path i s  sho\r.n in F i g u r e  3 .  1 .  

3 . 2  A I R C R A F T  DAMAGE 

A thorough check  of the a i r c r a f t  w a s  accompl i shed  a t  Indian 

S p r i n g s  A F B  a f t e r  the t e s t .  

second check  was m a d e  a t  Majors F i e l d ,  T e x a s  dur ing  the reconf igura t ion  

No a i r c r a f t  damage  w a s  d i s c o v e r e d .  A 

' p h a s e  and  th i s  t oo  showed n o  d a m a g e .  

3 . 3  DATA PRESENTATION 

Reduced da ta  obtained dur ing  the test  a r e  p re sen ted  in Table 3.3 

and Figures 3.2 through 3.31. The data is discussed in Chapter 4. In presenting 

the data, time zero (T-0) is chosen 



a s  the t i m e  a t  weapon de tona t ion .  

t ime  of 3 s e c o n d s  m e a n s  3 s e c o n d s  a f t e r  weapon detonat ion.  

m o s t  p a r t ,  the da ta  a r e  p r e s e n t e d  in  two types  of t ime h i s t o r i e s :  

(1)  A t i m e  h i s t o r y  cove r ing  the per iod  f r o m  j u s t  p rev ious  t o  s h o c k -  

wave i m p i n g e m e n t  t o  a p p r o x i m a t e l y  1 second  a f t e r  shock-wave 

impingemen t ;  and(2)Atime history covering the pe r iod  f r o m  1 second 

p rev ious  to  weapon de tona t ion  to  3 s e c o n d s  a f t e r  shock-wave im-  

p ingement ,  excluding the t i m e  pe r iod  c o v e r e d  in  (1).  

T h u s ,  f o r  e x a m p l e ,  a n  e l a p s e d  

For the 
~~ 

In eva lua t ing  the a c c e l e r o m e t e r  da t a ,  cognizance of a s ign i f -  

i can t  f a c t  is impor t an t .  P r e v i o u s  t o  the ac tua l  t e s t ,  i n s t rumen ta t ion  

checkout  f l igh ts  had r evea led  the p r e s e n c e  of a cons ide rab le  amoun t  

of high-frequency noise  in  the a c c e l e r o m e t e r  t r a c e s ,  p a r t i c u l a r l y  

under  high g m a n e u v e r s .  Apparen t ly  a wingtip buffet  condition was 

the p r i m a r y  c a u s e .  

a c c e l e r o m e t e r  da ta  in  the ac tua l  t e s t ,  ins ta l la t ion  of f i l t e r s  in  the  

a c c e l e r o m e t e r  c i r c u i t s  was  manda to ry .  Accord ingly ,  th i s  was  done ,  

with the r e s u l t  that  the high-frequency components  in the a c c e l e r o m e t e r  

t r a c e s  a r e  s h a r p l y  a t t enua ted .  The f i l t e r s  c a u s e  negl igible  a t tenuat ion  

in  the low-frequency r a n g e ,  however .  

the a c c e l e r o m e t e r  da t a  i t  m u s t  be r ea l i zed  tha t  the va lues  shown 

a r e  not s t r i c t l y  valid in  r eg ions  w h e r e  high-frequency components  

p redomina te .  A s  will be s e e n  however ,  the high-frequency c o m -  

ponents cont r ibu te  v e r y  l i t t l e  t o  the s t r e s s  l e v e l s  expe r i enced  by 

a i r c r a f t  p r i m a r y  s t r u c t u r e .  

with the fundamenta l  m o d e s  tha t  m a x i m u m  s t r e s s e s  o c c u r .  

It \vzs f e l t  that  in  o r d e r  t o  obtain meaningful  

Consequent ly ,  when eva lua t ing  

It is a t  the low f r e q u e n c i e s  a s s o c i a t e d  
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In reducing  the a c c e l e r o m e t e r  da ta  subsequent  to  shock-wave 

impingement the t i m e  i n c r e m e n t  used f o r  plotting pu rposes  w a s  

usua l ly  0 .005  seconds .  Thus,  the reduced  da ta  d i f f e r s  from the 

osc i l lograph  t r a c e s  i n  s o m e  a r e a s ,  i n  that  s o m e , o f  the v e r y  high 

f r equency  components  have been  manual ly  f i l t e red  out .  

cons ide red  un impor t an t  holyever ,  f o r  the s a m e  reason  a s  given above.  

- 

This  is 



TABLE 3 . 3  NUCLEAR RADIATION - 

Badge No. Loca t ion  F a c i n g  Reading  ( R e m )  

1 ' P i t o t  Top  D a s h  C e n t e r  Upward 

2 P i l o t  Right  Side Below Lef t  Side 

- 

Console  

3 P i l o t  Top L e f t  S e a t  Upward 

4 P i l o t  Top Right  S e a t  Upward 

3 C e n t e r  R a i l  F r o n t  L e f t  Side F o r w a r d  

6 C e n t e r  Rai l  F r o n t  Right  F o r w a r d  

- 

Side 

7 O b s e r v e r  L e f t  Console  Upward 

6 O b s e r v e r  Right  Console  Upward 

9 O b s e r v e r  Top Lef t  Side Upward 

1 0  O b s e r v e r  Top  R i g h t  Side Upward 

. l o o  

.085  

. l o o  

. 1 4 0  

, 0 7 3  

. 1 2 0  

. 0 7 3  

. 0 9 6  

. l l O  

. 1 4 0  
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Figure 3.11 Strain gage locations. 
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Figure 3.12 Zero stress determination. strain gage Channel 4 



Figure 3.13 Zero stress determination, strain gage Channel 5. 
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. .  

Figure 3.14 Zero stress determination, strain gage Channel 6 



Figure 3.15 Zero Stress determination, strain gage Channel 7 .  

- 
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Figure 3.16 Zero stress determination, strain gage Channel 8 



Figure 3.17 Zero s t r e s s  determination, s t ra in  gage Channel 9.  
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Figure 3.16 Zero stress determination, strain gage Channel 10 



Figure 3.19 Zero stress  determination, strain gage Channel 11. 



Figure 3.20 Zero stress  determination, strain gage Channel 12 
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Figure 3.21 Zero stress determination, strain gage Channel 13.  



Figure 3.22 Zero stress  determination, strain gage Channel 14. 
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4 . 1  FLIGHT PATH COKTROL COKCEPT 

The positioning co:icept used in accurately locating the aircrai: oi’er 2 

desired point a t  time of detonation has  proved to be sound 

The ac’azl technique used w a s  a departure from methods used i n  previous 

W O f  
LCSIS. Consistent accuracies well uithin plus or minus 1 secon 

desired position ivere a tkined within 1 0  practice runs, and after this, zero  

deviation ~ 2 s  obtained approxirnztely 50 percent of the time. 

. , _  . . . . ~  
I . _  . \ -  -LZ.AR RkDLkTIOS ’ 

The nuclear radlation doses at  various locations i n  Lhe coc!qit ,  as 

determined by film badges. a r e  listed i n  Tzble 3.3. 

exposure 51‘2s 0.1;O r e m .  

The largest  recorded 

G.3 THERhlqL R4DLATIOS 

Rahomete r  and czlorimeter &fa a r e  given in Figure 3.2. The radiometer 

i s  a fluj;-measuring device so there is  no decay correction factor o r  integrating 

process  to be applied to  i t .  Therefore,  one has merely to multiply the cali- 

bration factor to the sensor by the emf a t  any particular time to obtain the 

thermal f lux  at that t ime (cal/cm’-sec). 

was obtained using this method. A s  shoum, the maximum thermal radiation 

The radiometer curve in Figure 3.2 

intensity measured by the radiometer in the cockpit w a ~ a l / c m ’ - s e c  and 

the duration of the pulse wa econd. 

Because the  calorimeters a r e  integrating devices, however, a more 

elaborate method of reading the oscillograph curves was used. 

necessary for two reasons:  

T h i s  \vas 
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(1) Due to the continuous heat loss of the receiver button within the 

instrument from the moment of thermal energy impingement on the button, a 

correction for this decay must be applied to each su,ccessive point read in order 

to obtain an integrated curve. 

(2) Due to the decay of the transducer output signal, one cannot be 

certain of the exact time after time-zero that the total energy was received 

unless a corrected curve is generated. 

To correct for these factors, a method of corrective summation was 

developed at the US Xaval Radiological Defense Laboratories (NRDL) and is 

here presented: 

(1) Determine on the oscillograph trace the time point after which 

energy has ceased to be received by the calorimeters. It is not necessary 

that this be the point a t  which energy addition ceases-sometime after is 

satisfactory. 

(2) Divide the time between the zero point and the selected cut-off 

point into equal convenient time increments ( A t ) .  

(3) Read total trace deflection a t  each time interval. 

(4) Obtain the true trace deflection a t  each time interval. 

(5) Convert each value to millivolts (E),  i .e. ,  deflection (inches) times 

) 
millivolts 

galvanometer calibration factor ( 1 inch 

IN millivolts 
) = Millivolts 

( i-) ( inch 

The end-point millivolt reading is Ep. 

(6) Add (E, E2 E, . . . . Ep) = Z E  
EP (7) Subtract - from ZE to correct for averaging bias, thereby 2 

obtaining Z E,. 

(6) Multiply ZEc  byAt8 .  8 is furnished with the instrument by NRDL. 

(9) AddAt9ZEc tothereadingEp.  

(10) Multiply ( A  t 0 Z  E, + Ep) by the inverse sensor calibration factor 

K to obtain calories/cm2. 

1 
Millivolts Calories Calories 

( 1  ) ' cm2 Millivolts ) = ( cm2 
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- 
T h e  t o t a l  t h e r m a l  r a d i a t i o n  a s  m z a s u r e d  b y  the c a l o r i m e t e r  

2 
i n  t h e  c o c k p i t  w a s  0 .  2 3  c - s l / c m  . It :,as f o u n d ,  h o w z v z r .  t h a t  t h e  

i n d i c a t e d  t o t a l  t h e r m a l  r a d i a t i o n  i n c r e a s e d  with the  e l a p s e d  t ime 

u s e d  i n  r e d u c i n g  t h e  c a l o r i m e t e r  d a t a .  S i n c e  f o r  e l a p s e d  t i m e s  

g r z a t e r  t h a n  a p p r o x i m a t e l y  1 s e c o n d ,  the  a i r c r a f t  w a s  b a n k e d  a t  a 

. .  

r e l a t i v e l y  l a r g e  a n g l e ,  i t  s e e m s  p o s s i b l e  t h a i  s o m e  ra 'd ia t ion  c o u l d  

h a v e  b e e n  e n t e r i n g  t h e  c a l o z i m e t e r  f r o m  t h e  s u n .  In v i e w  of t h i s  

e n d  t h e  f a c t  t h a t  t h e  r a d i o m e t e r  i n d i c a t e d  a p u l s e  l e n g t h  01 m 
s e c o n d ,  i t  u'as d e c i d e d  to r e d u c e  the  c a l o r i m e t e r  d z t z ,  u s i n g  only  

Ihe i i r s t  1 s e c o n ?  of d a t a .  

r a d i o m e t e r  c u r \ ' e  s h o u l d  be  e q u z l  Lo the total  t h e r m a l  r a d i a t i o n .  

I n t e g r a t i o n  of t h e  r a d i o m e t e r  c u r v e  y i e l d s  a v a l u e  01 0 .  1 5  c a l l c m  

2 T h i s  i s  c o n s i d e r a b l y  below t h e  c z l o r i m e t e r  va lue  of 0 . 2 3  c a l / c m  , 

C o n s i d e r i n g  the  d e p e n d e n c y  of the c a l o r i m e t e r  v a l u e  o n  t h e  e l a p s e d  

t i m e  u t i l i z c d ,  i t  s e e m s  l i k e l y  tha t  t h e  v z l u e  0:  0 .  I 5  c a l / c r n 2  i5 

m o r e  z c c u t z t e  t h a n  the 0 . 2 3  c z l l c m  v a l u e .  

4 .  6 RIGID-BODY D.4TA 

T h e o r e t i c a l l y  t h e  i n t e g r a l  of  the 

2 

2 

A i r c r a l t  r i g i d  -body d a t a  a r e  p r e s e n t e d  in F i g u r e s  3 .  3 ,  3 .  < , a n d  

F i g u r e  3 .  3 i n d i c a t e s  t h a t  a t  To the a i r c r a f t  v e l o c i t y  w a s  3 .  5 .  

d e c r e a s e  a n d  c o n t i n u e d  t o  d o  S O  t h r o u g h o u t  t h e  m a n e u v e r .  A t  the  - time of s h o c k  a r r i v a l  t h e  v e l o c i t y  w a s  a p p r o x i m a t e 1  

F i g u r e  3 .  5 i n d i c a t e s  t h a t  the  roll  m a n e u v e r  w a s  i n i t i a t e d  a t  

m a n d  was  l a r g e l y  c o m p l e t e d  by  a p p r o x i m a t e l y  T 
-I =I - Figure 3 .  5 a l s o  i n d i c a t e s  t h a t  the center of gravi ty  a c c e l e r a t i o n ,  g .  

-nd by  T - began to increase zpprec iab ly  at a b w t  T 
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the 4 g condi t ion was  obtained. 

pe r iod  of gus t  p a s s a g e ,  

a l t i tude  d a t a  f o r  th i s  per iod  w e r e  not reduced s ince  the o v e r p r e s s u r e  

Most of rigid-body data  du r ing  the 

ib shown i n  F i g u r e  3 .  5. Ai r speed  and 

e f f e c t  would r e s u l t  in e r r o n e o u s  values .  

l a rge  f luc tua t ions  subsequent  to  the shock-wave a r r i v a l ,  but i t  is 

concluded  tha t  th i s  i s  not  indicat ive of the a i r c r a f t ' s  motion.  

R a t h e r ,  it is concluded tha t  the  shock-wave impingement  r e su l t ed  

in  v i b r a t i o n  exc i ta t ion  of the s t r u c t u r e  to  which the r a t e  gy ros  

w e r e  a t t ached .  

was  r a t h e r  high-about 50 cps .  

The r a t e  gyros  r e g i s t e r e d  

A s  is evident ,  the f requency  of the rate f luctuat ions 

U s i c g  the ro l l  a t t i tude a t  T = TSa toge ther  with the a i r c r a f t  

posi t ion d a t a  f r o m  F igure  3 .  1 ,  the d i rec t ion  of the shock-front 

propagat ion  re1atii.e to the a i r c r a f t  wing a x i s  was de t e rmined .  The 

angle  s o  d e t e r m i n e d  wa e g r e e s .  That i s ,  the d i rec t ion  of shock 

f r o n t  t r a v e l  lacked on1 e g r e e s  being n o r m a l  to the wing ax i s .  ir 
Thus ,  a v e r y  n e a r  s y m m e t r i c a l  gus t  input was obtained. 

4 . 5  OVERPRESSURE DATA 

O v e r p r e s s u r e  da ta  a r e  p re sen ted  in F i g u r e  3 .  3 .  These  t ime 

h i s t o r i e s  r e p r e s e n t  the total  p r e s s u r e ,  in  tha t  s t a t i c ,  dynamic ,  and  

weapon o v e r p r e s s u r e  a r e  included in  the  n u m e r i c a l  va lues .  Thus ,  the 

w r e l a t i v e l y  rap id  i n c r e a s e  in  p r e s s u r e  a t  approx ima te ly  T 

i s  due to  weapon e f f ec t s .  I t  can be s e e n  that the max imum b la s t  

. o v e r p r e s s u r e s  a t  the a i r c r a f t  nose and ve r t i ca l  tai l  were  approx ima te ly  

0. 4 ps i .  

a r e  f i l t e r ed  o u t  by e y e ,  i t  is  s e e n  that  the b l a s t  o v e r p r e s s u r e  a t  

If the h igh f requency  f luctuat ions a t  the fuse lage  midsection 



this  point was  a l s o  about  0 . 4  psi .  

of the b l a s t  o v e r p r e s s u r e  was  approximate ly  0 . 6  s econd .  

var ia t ion  i n  s t a t i c  a n d  dynamic  p r e s s u r e  with t i m e ,  t bge the r  with the 

The dura t ion  of posit ive phase 

Due to the 

re la t ive ly  low magni tude  of the b l a s t  o v e r p r e s s u r e ,  no a p p a r e n t  

negat ive phase  of the b l a s t  o v e r p r e s s u r e  is evident  in the da ta .  

4 . 6  LATERIAL ACCELERATIONS 

The l a t e r a l  a c c e l e r a t i o n  t ime  h i s t o r i e s  du r ing  gust  passage  

a t  va r ious  loca t ions  on the a i r c r a f t  a r e  shown in F i g u r e s  3 . 6  and 

3 . 7 .  T h e s e  da t a  a r e  cons ide red  re la t ive ly  unimportant .  s ince  the 

gus t  input n'as a l m o s t  n o r m a l  to the a i r c r a f t  coordinate  s y s t e m .  

These  a c c e l e r o m e t e r s  .were  instal led i n  the a i r c r a f t  s o  tha t ,  in 

the event  a l a r g e  e r r o r  in the ac tua l  positioning of the a i r c r a f t  

r e su l t ed  in a n  apprec i ab le  s ide-gus t  com;ronent. dynamic r e sponse  

da ta  could s t i l l  be obtained. 

4.7 N O R M 4 L  ACCELERATIOSS 

The n o r m a l  acce le ra t ion  t ime h i s t o r i e s  during gust  passage  a t  

va r ious  locat ions on the a i  r c r a f t  a r e  shown in F i g u r e s  3 . 8 ,  3 .  9 ,  

and 3 .  1 0 .  It shouls  be emphas ized  again tha t  high f requency  

f i l t e r s  w e r e  ins ta l led  i n  the a c c e l e r o m e t e r  c i r c u i t s ;  thus the 

high-frequency components  of the acce le ra t ions  a r e  a t tenuated.  

F i g u r e  3 .  8 indica tes  that  the shock wave engaged the a i r c r a f t  
... ,.. , 

t a i l  app rox ima te ly  0. 01 second previous to  engaging the nose .  

Knowing the d is tance  between these a c c e l e r o m e t e r s  and the speed  of 

the shock  wave ( i . e . ,  app rox ima te ly  Mac a t  th i s  point), the 

gus t  impingement  angle  was calculated to be about 110 d e g r e e s .  
II 



This  is in a g r e e m e n t  with the imp ingemen t  angle a 8  d e t e r m i n e d  f r o m  

F i g u r e  3 .  1 ,  and the angle  of a t t ack .  

! 
Inspec t ion  of F i g u r e s  3: 9 and 3.'10 r e v e a l s  one outstanding 

point: 

f r e q u e n c y  of about  6.5 c p s .  

this to be the f r equency  of the fundamenta l  s y m m e t r i c a l  mode of 

the a i r c r a f t .  

f lexible m o d e ,  inspec t ion  of F i g u r e s  3 . 8 ,  3 .  9 ,  and 3 .  10 ind ica t e s  

p r a c t i c a l l y  no  rigid-body r e s p o n s e .  

The wing r e sponded  s t rong ly  to the gus t  a t  a r e s p o n s e  

Ground-vibration s u r v e y  r e s u l t s  show 

Although s t r o n g  r e s p o n s e  o c c u r r e d  in the f i r s t  

R e s u l t s  f r o m  the gene ra l  t heo ry  of dynamic  r e sponse  of l i n e a r  

s y s t e m s  can be ut i l ized to  obtain i n t e r e s t i n g  informat ion  f r o m  the 

n o r m a l  a c c e l e r a t i o n  c u r v e s .  F o r  e x a m p l e ,  i f  the high-frequency 

components  in the wing t r a c e s  a r e  neglec ted ,  the r e sponse  of the 

\ving r e s e m b l e s  c lose ly  the r e sponse  of a l ightly damped l i n e a r  

dynamic  s y s t e m  which h a s  been subjec ted  to a s t e p  function inpu t .  

If this  is  t r u e ,  t h e o r y  p red ic t s  that the m a x i m u m  s t r e s s  ( i . e .  the 

wing d e f o r m e d  concave upward i t s  max imum amoun t )  should o c c u r  a t  

the t i m e  of m a x i m u m  negative wing-tip a c c e l e r a t i o n ,  i . e .  a t  the 

end of the f i r s t  half-cycle of the r e s p o n s e .  F o r  this sys tem, th is  

s econds ,  N o  s t r a i n  gages  W should occur  a t  approx ima te ly  T 

w e r e  p r e s e n t  on  the wing,  but s t r a i n  gages  loca ted  on the fuse lage  

s ide  pane ls  a l l  show peak va lues  in the t ime  in t e rva l  T 

-Figures 3 .  2 5  through 3. 30). Note, in f a c t ,  that 

the fuse l age  s t r a i n  gages  a l l  exhibit  t i m e  fluctuations which 

follow, p r i m a r i l y  the r e s p o n s e  in the fundamenta l  mode .  Note a l s o  
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that  the h i g h f r e q u e n c y  s t r e s s  f luctuat ions a r e  s m a l l  in  magn i tude ,  

i n  c o m p a r i s o n  to  6 . 5  c p s  f luctuat ions.  , I t  c a n  a l s o  be s e e n  tha t  

the m a x i m u m  s t r e s s  does  not n e c e s s a r i l y  o c c u r  at the t i m e  of 

m a x i m u m  a c c e l e r a t i o n .  

(although a t t enua ted )  a c c e l e r a t i o n s  a t  the wingtips, 

nose and t a i l  a l l  o c c u r  i m m e d i a t e l y  a f t e r  shock  impingemen t ,  yet  

the s t r e s s  peaks  do not o c c u r  until  s o m e t i m e  a f t e r  shock  impingemen t ,  

h s i c P ; 1 y ,  this is due t o  the f a c t  t ha t  v i r tua l ly  ins tan taneous  

3 r r - l . > r ? t i o n  c a n  o c c u r  in a i r c r a f t  s t r u c t u r e  bu t  ins tan taneous  

re:;tt\c d i s p l a c e m e n t s  ( o r  de fo rma t ion )  cannot.  

In the  p r e s e n t  s y s t e m , f o r  example ,  m a x i m u m  

f u s e l a g e ,  

A good approx ima t ion  to  the m a x i m u m  wingtip deflection c a n  

be obtained f r o m  the normal -acce lera t ion- t ime h i s t o r i e s  by  

cons ide r ing  the r e s p o n s e  to be that r e su l t i ng  f r o m  a step-function 

input. 

of-freedom s y s t e m  (i. e .  the fundamenta l  mode),and the ana ly t i ca l  

me thods  of Referelice 5 a r e  used .  Taking the m a x i m u m  wingtip 

negative a c c e l e r a t i o n  a s  being m i n u s  5g 

upward  wingtip 

to be 4 . 2  inches .  

i .e.  in o r d e r  t o  obtain the to ta l  def lect ion,  the 4 . 2  i nches  would 

The s y s t e m  is approx ima ted  by a n  undamped s ingle-degree-  

the m a x i m u m  i n c r e m e n t a l  

def lec t ion  r e l a t i v e  to the fuse lage  is  ca l cu la t ed  

Note that th i s  def lec t ion  is due t o  gus t  a lone ,  

have to  be added  to  the def lec t ion  due to  the s t e a d y  4g load. 

The f a c t  that  the gus t  load  is applied to  the wing in  a sudden  

m a n n e r ,  r a t h e r  than s ta t ica l ly ,  c a u s e s  a n  effect ive ampl i f i ca t ion  



of the load.  

appl ied load  a re  g r e a t e r  than would r e s u l t  if the load w e r e  appl ied 

s lowly  ( i . e .  s ta t ica l ly) .  F o r  ,an undamped sihgle- d e g r e e  of- 

f r e e d o m  s y s t e m  the dynamic  ampl i f ica t ion  resu l t ing  f r o m  a s t e p  

input  i s  equal  t o  two, i. e .  the m a x i m u m  dynamic  r e sponse  is 

twice what the r e sponse  would be s t a t i c a l l y ,  (Reference  5).  Thus ,  

i t  a p p e a r s  that,as a ru le  of thumb,  the dynamic  amplif icat ion a t  

the ntijigtip can  be taken a s  two. Note that  th i s  amplif icat ion 

r e f e r s  t o  def lect ion and not t o  acce le ra t ion .  

4 . 8  SHEAR STRESS IS FUSELAGE SIDE PANELS 

Tna t  i s ,  the s t r e s s e s  resu l t ing  frum the suddenly 

Tens i le  and compress i \*e  s t r a i n s  were  m e a s u r e d  in the fuse lage  

side paneis a t  fuselage stations (FS) 337, 360. and 3%. Sr-4 strain gages were 

bonded to the ou te r  s u r f a c e  of the pane is  approximate ly  4 i nches  

below the upper  edge and approx ima te ly  4 inches  above the lower  

edge of each  s ide  panel .  

(as  sho\vn in F i g u r e  3 . 1 1 )  to i n c r e a s e  a c c u r a c y  of reading and 

f o r  t e m p e r a t u r e  compensa t ion .  

locat ions is shown i n  F i g u r e  3 .  11. 

The inne r  face  of each  panel 

F o u r  gages  were  used  a t  each  locat ion 

A ske tch  of the s t r a i n  gage 

was mi l led  f r o m  a th ickness  

of 0.125 inches to  C.098 inches i n  s o m e  a r e a s  and to 0.076 inches i n  

o t h e r  a r e a s .  

d i r e c t l y  opposi te  or n e a r l y  opposite to  a change i n  panel  th ickness .  

Coincidently many  of the s t r a i n  gages  were  mounted 
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T h e r e f o r e ,  the s t r a i n s  m e a s u r z d  should be cons ide red  a s  a v e r a g e  

va lues  of s t r a i n  for e a c h  r e spec t ive  locat ion.  

A condi t ion of pu re  s h e e r  ex i s t ed  throughout  each: i n s t rumen ted  

pane1,causing a s t a t e  of biaxial 

panel.  

For  the a l u m i n u m  pane l s ,  E = 10  psi ;  thus T m a x  = ( c  

where  p is  taken  a s  0. 3 3 .  

M'nere: T m a x  = Maximum s h e a r  s t r e s s  i n  p s i  

s t r e s s  on any  e l e m e n t  in e i t h e r  

T h e r e f o r e ,  in  the absence  of buckl ing,  Tmax = u l  - 
u2. 

7 .  7 .  - Fez)  10  PSI 1 

U = Principal s t r e s s  in p s i  

IJ = P o i s s o n ' s  r a t i o  

€ = Principal s t r a i n  in  i n c h e s l i n c h  

E = MDdulus of e l a s t i c i ty  in  ps i .  

F i g u r e  3 .  11 shows s t r a i n  gage loca t ions  and  ident i f ies  t hem 

by osc i l l og raph  channel  n u m b e r ,  fu se l age  s ta t ion  and w a t e r  plane.  

I t  is noted tha t  no  da ta  w e r e  obtained f r o m  two of the twelve gages .  

F i g u r e s  3 .  12 through 3 . 2 3  a r e  plots  f o r  d e t e r m i n i n g  a del ta  

s t r e s s  be tween a z e r o  r e f e r e n c e  and a t r u e  z e r o  s t r e s s .  

r e f e r e n c e  s t r e s s  is the pref l igh t  ca l ib ra t ion  s t r e s s  a t  one G 

condi t ion with z e r o  t h r u s t  and z e r o  veloci ty .  

value is obtained by ex t r apo la t ing  the z e r o  G c u r v e  f o r  s t r e s s  

Z e r o  

The del ta  s t r e s s  

v e r s u s  veloci ty  to  z e r o  veloci ty ,  then r ead ing  the del ta  s t r e s s  

be tween the ex t r apo la t ed  z e r o  G point and the z e r o  r e f e r e n c e ,  one 

G point.  

I 
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No t ime-his tory  plots of r e f e r e n c e  s h e a r  s t r e s s e s  f o r  the 

To conver t  the a c t u a l  pe r iod  p r i o r  to  shock  a r r i v a l  a r e  shown. 

s t r e s s e s  to r e f e r e n c e  s t r e s s e s ,  the r e spec t ibe  de l ta  s t r e s s e s  f r o m  

Figures 3.12 through 3.23 should be subtracted. Figure 3.24 illustrates 

the sign convention fur the shear measurements. 

F i g u r e s  3 . 2 5  through 3.  30 a r e  t ime h i s t o r i e s  of a c t u a l  

s t r e s s e s  ( r e f e r e n c e  s t r e s s  plus de l ta  s t r e s s )  f o r  a s h o r t  per iod 

including s h o c k  a r r i v a l .  

to  T = 

The t ime span  is f rum T = 

As a r e s u l t  of the shock  a r r i v a l .  the g r e a t e s t  

s t r e s s e s x v e r e i n c u r r e d  du r ing  this  per iod .  

condi t ions involvcd, no meaningful number  of C ' s  can be ass igned  to  

points on the cur \ ' es .  T h e r e f o r e ,  G values  a r e  shown only io r  n e a r -  

Because of the dynamic  

s u m m a r y  of peak s t r e s s e s  i s  shown i n  F i g u r e  3 .  31. 

the s t r e s s  c t  s t r a i n  gage channel number  6 has  a re la t ively I O U  

value.  

gages  at  th i s  locat ion.  

It i s  noted that 

Thiswasprobably due to sl ippage of tu'o of t h e  f o u r  s t r a i n  



CHAPTER 5 
! 

CONCLUSIONS 

5 . 1  F L I G H T  P A T T E R N  CONCEPT 

R i g o r o u s  and  cont inuous coordinat ion between a i r c r a f t  pilot 

and  r a d a r  c o n t r o l l e r  produced a posit ioning concept  capable  of 

p lac ing  a n  a i r c r a f t ,  t rave l ing  within 100 f t  of a 

d e s i r e d  point in s p a c e  a t  a d e s i r e d  t ime.  

5 . 2  POSITION ANALYSIS 

i 

Approx ima t ions  and  a s sumpt ions  made  in de te rmining  weapon 

e f f e c t s  du r ing  the m i s s i o n  r e su l t ed  in conse rva t ive  va lues ,  a s  

an t ic ipa ted .  

5 . 3  RIGID-BODY RESPONSE 

Rigid-body r e s p o n s e ,  ( t rans la t ion  and rotat ion of the a i r -  

c r a f t )  t o  the b l a s t  f ron t  was  m i n o r .  

5 . 4  DYNAMIC RESPONSE 

Apprec iab le  s t r u c t u r a l  dynamic  r e s p o n s e ,  pa r t i cu la r ly  in the 

wing,  was  ef fec ted  by the b las t  f ront .  The r e sponse  o c c u r r e d  

p r i m a r i l y  i n  the f i rs t  s y m m e t r i c a l  mode .  



- 
P a r t  2 

EYE PROTECTIOX E+ F-lOOF/GAM 83B SIMULATION 
! 

CHAPTER 6 

IN TR ODUC TlON 

6.1 OBJECTIVES 

The  object ive of this  p ro jec t  w a s  t o  tes t ’ the e f fec t iveness  of 

a 1-percent-transmission, gold-coated fixed fi l ter  in  preventing retinal burn and 

debi l i ta t ing  f lashbl indness  i n  the GAM-83B weapon s y s t e m  de l ive ry ,  

6 . 2  BACXGROUND 

The de l ive ry  of a v isua l ly  guided a i r - to -g round  m i s s i l e  with a 

n u c l e a r  warhead  r e q u i r e s  that  the pilot  be v isua l ly  exposed to a 

nuc lea r  detonat ion.  An e x t r e m e  haza rd  is c r e a t e d  when the high 

t h e r m a l  e n e r g y  r e l e a s e d  is focused  on the re t ina  of the o b s e r v e r .  

In the typical  de l ive ry ,  the unpro tec ted  eye  wil l  suf fe r  a r e t ina l  

bu rn ,  r e su l t i ng  in  a p e r m a n e n t  blind a r e a  in the fovea ,  which is the 

a r e a  of most  acute  vis ion.  With p a r t i a l ,  but insuff ic ient  protect ion,  

a d e s t r u c t i v e  l e s i o n  m a y  be prevented ,  but f lashbl indness ,  which m a y  

p e r s i s t  long enough to prevent  the pilot  f r o m  re ta in ing  cont ro l  of 

the a i r c r a f t ,  wi l l  occu r .  

The e f fec ts  of t h e r m a l  e n e r g y  f r o m  n u c l e a r  detonat ions on the e y e s  

have been a m a t t e r  of d e e p  conce rn  to  the m i l i t a r y  s ince  the inception 

of n u c l e a r  tes t ing .  

e x p e r i m e n t s  have been conducted t o  d e t e r m i n e  the  e f fec ts  on the  e y e s  of 

exposure  to n u c l e a r  f i r e b a l l s .  

Beginning with Opera t ion  B u s t e r  i n  1952, m a n y  

In Opera t ion  Upshot-Knothole, exposed 
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r abb i t s  r e c e i v e d  r e t i n a l  b u r n s  up t o  a d i s t ance  of 4 2 . 5  m i l e s  f r o m  a 
- 

ow-alti tude b u r s t  (Re fe rence  6 ) .  In Opera t ion  H a r d t a c k ,  

a r e t i n a l  b u r n  was  r e c e i v e d  by a rabti i t  a t . 3 0 5  nau t i ca l  m i l e s  f r o m  a 

t vice ( R e f e r e n c e  7 ). 
-. 

high-altitude b u r s t  of 

Informat ion  on the ex ten t  and du ra t ion  of f l a shb l indness  f r o m  

e x p o s u r e  to  n u c l e a r  b u r s t s  is m o r e  diff icul t  to a s s e s s .  Since the re  

a r e  no objec t ive  s i g n s  in  f l a shb l indness ,  t e s t s  m u s t  b e  sub jec t ive ,  

r e q u i r i n g  human  s u b j e c t s .  Obviously,  t h i s  l i m i t s  the e x t e n t  of 

pz r t i c ipa t ion  in a c t u a l  n u c l e a r  t e s t s .  

s can ty ,  p e r h a p s  due to the f a c t  that  f l a shb l indness  v e r y  often h a s  been 

cons ide red  only a s  a s e c o n d a r y  and r e l a t i v e l y  m i n o r  e f fec t ,  with re t ina l  

b u r n  c o n s i d e r e d  a s  the m a j o r  p r o b l e m .  

c o n s i d e r  f l a shb l indness  to be a cons ide ra t ion  of a t  l e a s t  equal  impor tance .  

6 . 3  THEORY 

L a b o r a t o r y  data is a l s o  v e r y  

Most  w o r k e r s  in the field now 

Eye  e f f ec t s  r e s u l t i n g  f r o m  t h e r m a l  r ad ia t ion  e m i t t e d  by n o c l e a r  

de tona t ions  a r e  c l a s s i f i ed  a s  r e t ina l  b u r n s  and f l a shb l indness .  Even  

though the d i f f e rence  in  t h e s e  e f f e c t s  is appa ren t ly  one of d e g r e e ,  i . e . ,  

p e r m a n e n t  as a g a i n s t  t e m p o r a r y  b l indness ,  the m e c h a n i s m s  involved a r e  

quite d i f f e ren t .  Ret ina l  b u r n  r e s u l t s  when t h e r e  is a d i s c r e t e  r e t i n a l  

image  of suff ic ient  intensi ty  to  c a u s e  i r r e v e r s i b l e  o r g a n i c  changes  in 

the r e t i n a l  a n d  choro ida l  t i s s u e s .  T h e s e  changes  a r e  pa thologica l .  

The m e c h a n i s m s  under ly ing  the phenomenon of f l a shb l indness  a r e  n o t  

so  we l l  unde r s tood .  F l a shb l indness  o c c u r s  when a s o u r c e ,  which is 

focused on the r e t i n a ,  is suff ic ient ly  b r igh t  to c a u s e  a p e r s i s t e n c e  
- 



in the pe rcep t ion  of the s t imu lus .  

image .  

Th i s  i s  r e fe r r e&to  a s  a n  a f t e r -  

F l a shb l indness  can  a l s o  o c c u r  when t h e r e  id no d i s c r e t e  s o u r c e  

The but when the r e t ina  is flooded with a n  in tense ,  dazz l ing  l ight .  

f i r s t  effect  r e s u l t s  when a br ight  s o u r c e  i s  viewed d i r ec t ly ,  while 

the second is most l ike ly  to occur  when the eye  is exposed t o  diffusely 

re f lec ted  or s c a t t e r e d  l ight  of high in tens i ty ,  such  as might r e s u l t  

f r o m  the s c a t t e r i n g  and  r e f l ec t ion  of l ight  f r o m  a cloud cove r .  



CHAPTER I 

PROCEDURE 

7 . 1  E X P E R I M E N T A L  DESIGN 

Par t i c ipa t ion  w a s  in Shot S m a l l  Boy, with exposure  of the 

o b s e r v e r ' s  e y e s  

P r i o r  to the m i s s i o n ,  the o b s e r v e r  underwent  a complete  visual 

and ophtha lmoscopic  examinat ion ,  including fundascopic  with di la ted 

p u p i l s ,  v i sua l  f i e l d s ,  and v isua l  acui ty  t e s t s  a t  d i s tance  and n e a r .  

F o r  the m i s s i o n ,  the pilot and o b s e r v e r  were  both protected by 

a 1 - pe r c en t - t r an  s m i  s s ion, g o I d - c o a t e d, ne ut  r a I-de n s i t  y vis  o r  ; the pilot , 

ho..r.cver, did not view the detonation. 

l e a s t  one-half  hour  before  the shot  to become comple te ly  adapted to 

the ambien t  luminance  through the v i s o r .  

o v e r  the o the r  e y e  of the o b s e r v e r .  

Both wore  the v i so r  f o r  a t  

An eye  patch was  placed 

P r i o r  to takeoff ,  a m e a s u r e m e n t  of the cockpit luminance  was 

taken .  

and the lovfes t  l ine tha t  the o b s e r v e r  could read  through the v i s o r  

was  r eco rded .  

A n e a r  visual-acuity c h a r t  was  mounted on the i n s t r u m e n t  panel ,  

The o b s e r v e r  held two pocket s top  watches ,  one in e i t h e r  hand. 

He obse rved  the t a r g e t  and s t a r t e d  both watches a t  the ins tan t  of 

detonat ion.  He was  in s t ruc t ed  to blink and turn h is  head back in  t h e  

cockpi t  a s  soon a s  he viewed the b u r s t .  

a i r - speed  i n d i c a t o r .  

i n  his l e f t  hand and d i r e c t e d  his a t tent ion to  the visual-acuity c h a r t .  

He f i r s t  a t tempted  to r ead  the 

. .  When he was able t o  do S O ,  he stopped the watch 

- 



'MThen he was  ab le  to r e a d  the s a m e  line tha t  he caul-d read on the pre-  

takeoff t e s t ,  he  s topped the second  watch  in  hi5 r igh t  hand. 

Af t e r  landing, the s top-watch r ead ings  w e r e  , r e c o r d e d  and  the 

c o m m e n t s  of the o b s e r v e r  r e g a r d i n g  subjec t ive  r e a c t i o n s  to the expe-  

r iencewere  noted. 

w a s  aga in  p e r f o r m e d  on  the o b s e r v e r .  

7 . 2  INSTRUMENTATION 

A comple te  v i sua l  and  ophtha lmoscopic  examina t ion  

The 1 - p e r c e n t  f ixed f i l t e r  was  f ab r i ca t ed  f rom a n e u t r a l  dens i ty  

p l a s t i c  which t r a n s m i t t e d  approx ima te ly  1 0  pe rcen t .  

w a s  then coated with gold to  give 1 -pe rcen t  t r a n s m i t t a n c e  f r o m  380 to  

700 rnp and s l igh t ly  l e s s  in the n e a r  i n f r a r e d  to 2 , 0 0 0  mp.  Spec i f j ca -  

t ions f o r  this  f i l t e r  a r e  conta ined  in  MIL-V-27446. 

The o u t e r  s u r f a c e  
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CHAPTER 8 

RESULTS 

8 .1  VISUAL 

Comple te  ophtha lmologic ,  v i sua l ,  and p e r i m e t r i c  examina t ion  

r evea led  no d a m a g e  o r  changes  t o  the exposed  eye  in  the f o r m  of re t ina l  

b u r n  or o the rwise .  

f i a shb l indness ,  o r  a t  l e a s t  none long enough to r e c o r d  on h i s  s t o p -  

v:a t c h. 

6.2 CALCULATED 

The o b s e r v e r  s t a t ed  that  t h e r e  w a s  no per iod  of 

The r e t ina l  i r r a d i a n c e  on the exposed  eye through the 1 p e r c e n t  - fixed f i l t e r  w a s  ca lcu la ted  t o  be approximate1  
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CHAPTER 9 

DISCUSSION 

This  even t  provided  a n  exce l l en t  oppar tuni t9  to t e s t  the e f f ec -  

t i veness  of a 1 - p e r c e n t  fixed f i l t e r  unde r  conditions encoun te red  i n  

a typical GAM-83B d e l i v e r y ,  a l though the detonation was  obse rved  by 

the o b s e r v e r  r a t h e r  than  the pilot .  

The o b s e r v e r  w a s  blond and blue-eyed,  with lightly pigmented 

Since the r ad ian t  e n e r g y  i s  a b s o r b e d  chiefly by the r e t i n a l  r e t i n a s .  

and choro ida l  p igment ,  the damage  th re sho ld  depends  to a cons ide rab le  

ex ten t  on the d e g r e e  of pigmentat ion.  Thus ,  a dark-complexioned ob-  

s e r v e r  with a heavi ly  p igmented  r e t ina  would be m o r e  l ikely t o  s u f f e r  

damage  f r o m  the s a m e  e n e r g y  dose .  

The th re sho ld  i r r a d i a n c e  n e c e s s a r y  to c a u s e  a r e t ina l  b u r n  h a s  

not yet been a c c u r a t e l y  d e t e r m i n e d .  

with r a b b i t s  give th re sho ld  d o s e  f i g u r e s  ranging  f r o m  o v e r  1 cal/cm2 

down to 0.2 cal/cm2. 

moscop ica l ly  within 3 t o  5 minu tes  a f t e r  e x p o s u r e ,  have been caused  i n  

r abb i t s  by  D r .  H a m  and h is  a s s o c i a t e s  with d o s e s  a s  low a s  0.2 cal/crn2 

The r e s u l t s  of l a b o r a t o r y  s tud ie s  

Mild l e s i o n s ,  i. e .  l e s ions  vis ible  ophthal-  

when d e l i v e r e d  in  175 m i c r o s e c o n d s .  (Refe rence  8.) 

C l e a r l y ,  the ca lcu la ted  i r r a d i a n c e  - on the ob-  

s e r v e r ' s  r e t ina  in  this even t  f a l l swe l l  below the re t ina l -burn  th re sho ld  

leve l .  

F i g u r e  9. 1 shows the i r r a d i a n c e  l eve l s  a t  the r e t ina  f rom the 

f i r s t  and  second t h e r m a l  p u l s e s  and the total ,  which i s  the s u m m a t e d  

8 1  



total  of the two p u l s e s .  The dotted line ind ica t e s  the S m a l l  Boy 
~- 

Ret ina l  i r r a d i a n c e  l e v e l s  f r o m  the e n t i r e  r a n g e  
yie 1 _I 
of poss ib l e  y i e lds  f r o m  the GAM-83B'warheads  have b e e n  ca l cu la t ed  f o r  

the s a m e  conditions as  in S m a l l  Boy. The o rd ina te  r e p r e s e n t s  the re t ina l  

i r r a d i a n c e ,  unf i l te red  on the lef t ,  and through a 1-percent f i l t e r  on 

the r ight .  

C e r t a i n  a s sumpt ions  and approx ima t ions  w e r e  n e c e s s a r y  in  o r d e r  

to ca l cu la t e  i r r a d i a t i o n  l e v e l s .  

t o  p r e v e n t  undue compl ica t ion  of the p r o b l e m ,  the f i r e b a l l  w a s  a s s u m e d  

to  be un i fo rmly  r ad ia t ing ,  with no  cons ide ra t ion  given to the s p e c t r a l  

d i s t r ibu t ion  of the emi t t ed  r ad ia t ion ,  even  though the abso rp t ion  and 

s c a t t e r i n g  c h a r a c t e r i s t i c s  of both the a t m o s p h e r e  and the o c u l a r  med ia  

a r e  known to be wavelength dependent .  

a s s u m p t i o n s  do not a f k c t  the i r r a d i a n c e  l e v e l s  s ignif icant ly .  

Because  of the pauc i ty  of data ,  and  

However ,  i t  is  f e l t  that  these  
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CHAPTER,  10  

THERMAL AKALYEIS 

1 0 . 1  DISCUSSION 

The t h e r m a l  e n e r g y  f r o m  a n u c l e a r  detonat ion i n  the a t m o s p h e r e  is 

emi t t ed  in two pu l ses .  

1 / l o  t o  1 / 2  of 1 p e r c e n t  of the to t a l  t h e r m a l  e n e r g y  emi t t ed  is v e r y  

rapid and shor t - l i ved .  

Gene ra l ly ,  the f i r s t  pu l se  is not  cons ide red  to  be  a h a z a r d  b e c a u s e  of t he  

s m a l l  a m o u n t  of e n e r g y  e m i t t e d ;  however ,  when a focusing 

a s  i n  the e y e s ,  high-energy dens i t i e s  can  o c c u r ,  

The f i r s t  pu lse ,  which c o n s i s t s  of  only about 

Th i s  i s  followed by the s l o w e r  second pulse .  

of e n e r g y  o c c u r s ,  

The f i r s t  pulse  o c c u r s  

so i a s t  that  the f i r e b a l l  i s  s t i l l  re la t ive ly  s m a l l  du r ing  this pe r iod ,  

ana  the e n e r g y  i s  focused onto a v e r y  s m a l l  a r e a  of the r e t ina .  T h e r e f o r e ,  

the e n e r g y  f r o m  the f irst  pu lse  cannot  be ignored  when cons ide r ing  the 

t h e r m a l  h a z a r d  to the e y e .  

In this  r e p o r t ,  the depos i t ion  of e n e r g y  on the re t ina  i s  d e t e r m i n e d  

s e p a r a t e l y  f o r  e a c h  pu l se .  

t rough,  the l ight  m i n i m u m ,  t h e r e  i s ,  no doubt ,  s o m e  d iss ipa t ion  of 

e n e r g y  f r o m  the f i r s t  pu l se  be fo re  the second o c c u r s .  

Since the pu l ses  a r e  s e p a r a t e d  by a d i s t inc t  

However ,  s ince  the 

2 pu l ses  of apon a r e  s e p a r a t e d  only by abou 

seconds ,  the a m o u n t  of h e a t  loss dur ing  light m i n i m u m  i s  not ccmsidered 

to be s igni f icant .  The i r r a d i a n c e s  f r o m  the two pu l ses  a r e  the re fo re  

d e t e r m i n e d  s e p a r a t e l y  a n d  then s u m m a t e d .  

10 .2  CALCULATION O F  IRRADIANCE Oh’ THE RETINA 

1 0 . 2 .  1 Eneygy F r o m  The Second Pulse .  The i r r a d i a n c e ,  o r  t h e r m a l -  



.. ...- .- - ~ . . 

~ e n e r g y  dens i ty  a t  the co rnea  ( a t  the f r o n t  of the-eye) ,  if a l l  a t tenuat ing 

,/,in _, f a c t o r s  a r e  ignored ,  is d e t e r m i n e d  by: 

(10.1) 

2 Where:  QC = i r r a d i a n c e  a t  the c o r n e a  i n  c a l o r i e s / c m  

E = total  t h e r m a l  e m i s s i o n  in  c a l o r i e s  

R = s l a n t  range  in  c e n t i m e t e r s  

12 Taking the to ta l  t h e r m a l  e m i s s i o n  a s  1 / 3  x 10 x W ,  where  

W is the yield in  ki lotons,  we have: (Reference  4) 

or  i f  all cons tan t s  a r e  combined  

6 W  QC 2.65  x 10 - 
R Z  

W h e r e :  R = s l an t  range  in  m e t e r s  

To d e t e r m i n e  the i r r a d i a n c e  a t  the re t ina :  

(10.2) 

(10.3) 

2 = r e t i n a l  i r r a d i a n c e  f r o m  the second pulse  in  c a l o r i e s i c m  
Where: QR2 

D = d i a m e t e r  of pupil in  m i l l i m e t e r s  

Di = d i a m e t e r  of r e t ina l  image  in m i l l i m e t e r s  

The i m a g e  d i a m e t e r  Di can  be eva lua ted  i n  t e r m s  of the 

f i r e b a l l  d i a m e t e r ,  the nodal length of the e y e ,  and the s lan t  

range. The nodal length is defined a s  the d i s t ance  f r o m  the 

p o s t e r i o r  nodal point of the eye to the p o s t e r i o r  focal  point, and is 

e q u a l - t o  the p o s t e r i o r  foca l  length divided by the index of r e f r ac t ion  of 

the i m a g e  med ium.  

P 

The focal  length of the eye  cannot  be used to de t e rmine  
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r e t ina l  image  s i z e s  because  the ind ices  of r e f r a c t i o n  of the  object  - ,? - 
.I' 

and image  m e d i a  a r e  not the s a m e .  The nodal  length of the eye , * / y l . . X - l  
I '  

is a p p r o x i m a t e d  a t  1 7  m i l l i m e t e r s .  

(10.4) 
*fN D. = 

1 T  

Where:  Df = f i r e b a l l  d i a m e t e r  in m e t e r s  

R = s l an t  range in m e t e r s  

N = nodal  length of the eye  

Then,  subs t i tu t ing  va lues  f o r  QC f r o m  Equation (10.2) and 

values  f o r  Di f r o m  Equation (10.4) in Equation (10.3), we have: 

(10.5) 

It is now c l e a r l y  s e e n  tha t  the range cance l s  out of the 

equation. This  d e m o n s t r a t e s  ana ly t ica l ly  that  the i r r a d i a n c e  of 

a focused s y s t e m  is  independent of the d i s t ance  of the s o u r c e .  

As the d i s t ance  of the r e c e i v e r  f r o m  the s o u r c e  i n c r e a s e s ,  the 

total  e n e r g y  fa l l ing  on the r e c e i v e r  d e c r e a s e s ;  however ,  the image  

a r e a  a l s o  d e c r e a s e s  to  the  s a m e  degree .  

t h e r e f o r e ,  r e m a i n s  the s a m e .  

offered by a n  i n c r e a s e  in  d is tance  f r o m  the detonat ion i s  the increased 

a t m o s p h e r i c  a t tenuat ion.  

The e n e r g y  dens i ty ,  

Thus,  the only pro tec t ion  t o  the eye  

Equat ion (10.5) becomes: 

(10.6) 

The  f i r e b a l l  d i a m e t e r  is now evalua ted  in  terms of W a t  150 

mi l l i s econds ,  a t  which t ime  the exposed eye  is considered t o  have blinked. , 



. -  

The Edgerton, Germeshausen and Grier (EGgLG) semiempirical formula for fireball 

growthfroc; minimum time out to several hundred millise&ds i s  used. This formula 

all diameter data ofweapon 

Where:  Df = f i r e b a l l  d i a m e t e r  i n  m e t e r s  

(10.7) 

t = t i m e  in  mi l l i seconds  

Subst i tut ing the value f o r  Df f r o m E q u a t i o n  (10.7) into Equation (10.6) 

unat tenuated rad ia t ion  of the second pulse .  

a l l  the a t tenuat ion  f a c t o r s ,  the f inal  equat ion now takes  the f o r m :  

Taking into cons idera t ion  

(10.9) 

Ta = a t m o s p h e r i c  t r a n s m i s s i o n  

Tc  = a i r c r a f t  canopy t r a n s m i s s i o n  

To = o c u l a r  t r a n s m i s s i o n  

E 

A t m o s p h e r i c  t r a n s m i s s i o n  was  e s t i m a t e d  a t  0.83 fo r  a vis ibi l i ty  of 

- f r ac t iona l  t r a n s m i s s i o n  in 150 mi l l i seconds  (blink t i m e )  
- f -  



- 
50 miles a t  a s l a n t  r a n g e  o 

The t r a n s m i s s i o n  of the 'canopy was  e s t ima ted  a t  0 .86 .  A reading  . I\ 
- 'J 
I 

of the sky l uminance  w a s  taken f r o m  the cockpit f i r s t  with the canopy ,L/. (.' 
1 .  

open and then th rough  t h e  c losed  canopy. The luminance was  m e a s u r e d  at  

1,700 foot l a m b e r t s  on d i r e c t  m e a s u r e m e n t  and 1500 foot l a m b e r t s  through 

the closed canopy. 

canopy t r a n s m i s s i o n  f a c t o r .  

The  r a t i o  of 1>00/1,700 o r  0.88was taken a s  the. 

... . .. . . .. . 

The o c u l a r  t r a n s m i s s i o n  was e s t ima ted  a t  0.8Cf.. 

Thus ,  -4 = (0.83) (0.88) (0.80) = 0.58 .. 

The f r a c t i o n a l  e n e r g y  E emi t ted  i n  150  mil l lseconds was de te rmined  f 

where  t i s  the t ime in m i l l i -  by f i r s t  eva lua t ing  the r a t i o  t / t m a x ,  

seconds  to the second  pulse  m a x i m u m ,  and t is  the cutoff  t ime  of 150 

mi l l i s econds .  

m a x  

= 2 4  W o .  5'' (Refe rence  9 )  
m a x  t 

m a x  'C 
The sca l ed  t i m e  b e c o m e s  15 -nd the f r a c t i o n a l  t h e r m a l  energy 

i s  de t e rmined  to b e  abou -the graph re la t ing  f r a c t i o n  of t h e r m a l  

e n e r g y  to s c a l l e d  t i m e  i n  second t h e r m a l  pulse (Reference 4 )  

The pup i l l a ry  d i a m e t e r  was  es t imated  a t ' 4  m i l l i m e t e r s .  Since i t  

proved to be  imposs ib l e  to  m e a s u r e  the pupil behind the v i s o r ,  a n  i n -  

d i r e c t  method was  u s e d .  

with a n  ambien t  l uminance  of 15 foot l a m b e r t s .  

of 1,500 foot l a m b e r t s  would approximate  the indoor  luminance  of I 5  foot 

l a m b e r t s  through a I -percent  f i l t e r ,  4 m i l l i m e t e r s  was  taken a s  the ac tua l  

The pupil was  m e a s u r e d  a t  4 m i l l i m e t e r s  indoors  

Since the outdoor  luminance 



.. . . .  

m e a s u r e m e n t  of the pupilla'ry d i a m e t e r .  
- 

T h e  r e t i n a l  i r r a d i a t i o n  f r o m  the s e c o n d  t h e r m a l  pulse  is 

now ca lcu la t ed  f r o m  Equation (16.9): 

(10.10) I 
(10.11) 1 

10. 2. 2 E n e r g y  F r o m  The F i r s t  Pu l se .  Since the f i r e b a l l  

d i a m e t e r  a n d  consequent ly  the  r e t i n a l  i m a g e  s i z e  is inc reas ing  

r ap id ly  du r ing  the f i r s t  pulse ,  i t  is evident  that  the ene rgy  fall ing 

on the r e t i n a  is not evenly d is t r ibu ted .  An a c c u r a t e  prof i le  of the 

d i s t r ibu t ion  of e n e r g y  over  the r e t i n a l  image  as a function of t i m e  

r e q u i r e s  e x a c t  va lues  f o r  the e n e r g y  r i s e  a n d  f i r e b a l l  d i a m e t e r s  

f r o m  t i m e  z e r o .  T h i s  in format ion ,  unfortunately,  is not ava i l ab le  

fo r  t i m e s  p r i o r  to the  f i r s t  peak. T h e r e f o r e ,  in th i s  r e p o r t ,  the  

to ta l  energy f r o m  the  f i r s t  pulse  is c o n s i d e r e d  to occur  a t  the f i r s t  

peak.  T h e  error a t  the c e n t e r  of t h e  r e t i n a l  image, c a u s e d  b y  

this approximation, is  no t  deemed  to be  significant.  T h e  c e n t e r  of 

the image  is, of c o u r s e ,  the hot tks t  point, b e c a u s e  of the a c c u m -  

ulat ion of e n e r g y  t h e r e  due to the i n c r e a s i n g  f i r e b a l l  s ize .  

t h e r e f o r e  the  point of g r e a t e s t  concern .  

I t  is 

Since only about  1 / 2  of 1 pe rcen t  of the total  e m i s s i o n  

o c c u r s  in  the  f i r s t  pu lse ,  the i r r a d i a n c e  a t  the  c o r n e a  f r o m  the  

f i r s t  pu lse  b e c o m e s :  



.. . . -  

4 W R2 
1. 3 3  x 10 - 

. .- . . . . ... ...--. 

( f r o m  Equation 10.5) 

6 W  = 2. 65 x 10  - (0.005) ( f r o m  Equation 10.2)- (10.12) 
QCl  R2 

4 w  Or  Qc l  = 1. 3 3 x  10 - 
R 2  

1 (10.13) 

, To d e t e r m i n e  the i r r a d i a n c e  a t  the r e t ina :  

W D2 
Q = 46. 02 2 

Ci 
, O r  - (10.14) 

The  f i r e b a l l  d i a m e t e r  is now evaluated in  t e r m s  of W a t  

+ 5 the t i m e  of the  f i r s t  peak. Th i s  i s  d e t e r m i n e d  by the  EG & G 

law f o r  f i r e b a l l  g r3wth  p r i o r  to  t i m e  of minimum.  (Refe rence  9 .  ) 

-8 .f" W = 1 . 2 7 x l O  - 2 t 

O r  Df = 37. 96 W'" to. '  

Where: D = f i r e b a l l  d i a m e t e r  in m e t e r s  

t = t i m e  i n  mi l l i s econds  

f 

T h e  t i m e  to  f i r s t  peak is a p p r o x i m a t e d  by: 

t = 10-1 Wo,.dz (Refe rence  1 0 )  

Where:  t = t i m e  in  mi l l i s econds  

Subst i tut ing th i s  value f o r  Dr i n  Equation 10.15 gives: 

Df = (37, 96)(W0.') 

Or  Df = 15. 1 W 0.368 

(10.15) 

(10.16) .. 
Now,  substituting th is  value f o r  Df in  q u a t i o n  (10.14) gives: 

. .. -_ - - - - ~. 



. _ _  . . .. . . . ._ .. .. 

"A" is the combined  t r a n s m i s s i o n  f a c t o r  and  is again taken a s  

The pup i l l a ry  d i a m e t e r  is aga in  taken a s  4 m i l l i m e t e r s .  

The r e t i n a l  i r r a d i a n c e  f r o m  the f i r s t  t h e r m a l  pulse in t h i s  event  

0.58. 

! 



CILAPTER 11 

CONCLUSIONS A K D  RECO>IMEXD.4TIONS ; 

It c a n  be  concluded tha t  r e t i n a l  b u r n  and f lashbl indness  p r e s e n t  

E no h a z a r d  when 

transmission, gold-coatedneutral-densit). filter, under the conditions of this test. 

The l e v e l  of r e t i n a l  i r r a d i a n c e  is  c l e a r l y  below the r e t i n a l  b u r n  threshold  

f o r  b u r s t s  f r o  d e r  s i m i l a r  condi t ions.  

tonation is obse rved  through a l - p e r c r n t -  - 
F r o m  the r e s u l t s  of this  e x p e r i m e n t ,  i t  is predic ted  tha t  re t ina l  

burn  and f las l ibl indness  would not o c c u r  when any  b u r s t  i n  the GAM-83B 

range is obse rved  through a s imilar  f i l t e r  under  a n y  condi t ions.  

I t  is r ecommended  that  s i m i l a r  e x p e r i m e n t s  be conducted in a n y  fu ture  

nuc lea r  tes t ing .  

of m a x i m u m  b u r s t  and min imum dis tance  f o r  the s y s t e m  and with m a n y  

m o r e  e x p o s u r e s .  

I t  is n e c e s s a r y  t h a t  the f i l t e r  be  t e s t e d  under  condi t ions 

High reso lu t ion  e m i s s i o n  d a t a ,  both photographic  and e l e c t r o n i c ,  a r e  

n e c e s s a r y  t o  d e t e r m i n e  the min imum dens i ty  r equ i r ed  in the f i l t e r .  

fe l t  tha t  f u r t h e r  tes t ing  m a y  indicate  that  the s a f e  t r a n s m i s s i o n  of the 

f i l t e r  c a n  be doubled o r  even  t r i p l e d  

I t  is 
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Figure A . 6  Accelerometer installation, FS 15.75 
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Figure A .9 Accelerometer installation, FS 28.50. 
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