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1 0 BACKGROUND 

1.1 T h i s  i s  t h e  f i n a l  r e p o r t  on t h e  "Explos ives  f o r  Lunar Seismic 

P r 4 f i l i n g  Experiment (LSPE)"  work  conducted by NOL f o r  t h e  NASA 

Manned S p a c e c r a f t  Cen te r  a t  Houston, T h e  t e c h n i c a l  work began 

7 December 1 9 7 0 .  NOL w a s  r e q u e s t e d  t o  f u r n i s h  e x p l o s i v e  c h a r q e s  of 

v a r i o u s  sizes for the  Lunar S e i s m i c  Experiment.  T h i s  e x p l o s i v e  w a s  

t o  have mater ia l  c h a r a c t e r i s t i c s  i d e n t i c a l  t o  those of t h e  e x p l o s i v e  

pre!v.Lously s u p p l i e d  by NOL f o r  t h e  Ac t ive  Seism-i-c Fxperiment (ALSEP) 

The f O l l 0 ~ i : l g  t a s k s  w e r e  completed: 

A. Fu rn i shed  f l i g h t  t y p e  e x p l o s i v e  cha rges  f o r  p r o t o t y p e ,  

q u a l i f i c a t i o n ,  and f l i g h t  tests. 

B. Furn ished  i n e r t  e x p l o s i v e  mass s i m u l a t o r s  w i t h  thermal 

p r o p e r t i e s  s imi l a r  t o  t h o s e  of t h e  f l i g h t  t y p e  e x p l o s i v e .  

(Both f l i g h t  and s i m u l a t o r  b locks  w e r e  i n  accordance  w i t h  

an I n t e r f a c e  Con t ro l  Drawing ( I C D )  p rov ided  by Hendix Aero- 

space  Systems D i v i s i o n  (BXA) ) .  

C. E s t a b l i s h e d  p r e f e r r e d  dimensions of the e x p l o s i v e  b l o c k s  and 

established the in te r face  c o n f i g u r a t i o n  between t h e  b locks  



and t h e  E n d  De tona to r  C a r t r i d g e s  (EDCs)  I and t h e  safe /a rm 

p l a t e  u s i n g  t h e  Ac t ive  S e i s m i c  Experiment arrangement  as a 

b a s e l i n e .  

D.  E s t a b l i s h e d  a s a f e  and r e l i a b l e  s a f e t y  and arming d e v i c e  and 

v e r i f i e d  s a f e t y  and r e l i a b i l i t y  by Varicomp t e s t i n g  and by 

t e s t i n g  of f l i g h t  t y p e  hardware.  

E. Conducted d e s i g n  l i m i t  envi ronmenta l  tests. The e x p l o s i v e  

rnodules f o r  p r o t o t y p e ,  q u a l i f i c a t i o n ,  and f l i g h t  tests w e r e  

assembled by NOL in c o o p e r a t i o n  w i t h  BXA, These modules 

were s u b j e c t e d  t o  t h e  f o l l o w i n g  envi ronmenta l  t e s t  sequence:  

i. Acceptance V i b r a t i o n  

ii a Therm-a1 Cyc l ing  

iii Design L i m i t  V i b r a t i o n  

i.v. Design L i m i t  Shock 

However t h e  f l i g h t  u n i t s  w e r e  s u b j e c t e d  t o  accep tance  

v i b r a t i o n  o n l y  e 

F.  A s s i s t e d  BXA i n  t h e  f i e l d  t e s t i n g  where NOL: 

i e  Shipped and i n s t a l l e d  HE b l o c k s  

ii. Planned tes t  program s a f e t y  where e x p l o s i v e s  were 

i nvo l *,re d 

iii. I n s t a l l e d  HE b l o c k s  i n t o  BXA explosive pack:. 

2 



i v .  Dcfiricd m:I c o n t r o l l e d  overa l l .  e x p l o s i v e  s a f e t y  duri.ng 

p r e p a r a t i o n  and conduct  o f  t es t s  

v e Assumed r e s p o n s i b i l i t y  f o r  f i e l d  deployment o f  t h e  

e x p l o s i v e  package 

v i .  Defined and was r e s p o n s i b l e  f o r  dud d i s p o s a l ,  

The w o r k  above a p p l i e d  t o  two series o f  tests c o n s i s t i n g  

of p r o t o t y p e  and q u a l i f i c a t i o n ,  f l i g h t  t y p e ,  e x p l o s i v e  

packages e 

G .  Suppl ied  s h i p p i n g  c o n t a i n e r s  and i n s t r u m e n t s  t o  r e c o r d  

t empera tu re  and i n d i c a t e  humid i ty ,  and t h r e e  a x i s  shock 

leve ls  d u r i n g  t r an : ;po r t a t ion  of HE blocks t o  Kcnizedy Space 

Center .  

H.  Consul ted  w i t h  MSC/HXA t e c h n i c a l  r e p r e s e n t a t i v e s  on 

documentat ion,  d e s i g n ,  and development t e s t  r e s u l t s .  

I e I n v e s t i g a t e d  materials which might p r e c l u d e  c r a c k i n g  o f  t h e  

e x p l o s i v e  b lock  d u r i n g  accep tance  v i b r a t i o n  tests. 

1,2 M O D I F I C A T I O N  O F  STATEMENT OF WORK F O R  LSPE:. The f o l l o w i n g  

a d d i t i o n a l  t a s k s  were a l s o  accomplished:  
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(a) Hiqh speed  photographic c i c i t a  on two l o t s  of cnd 

d e t o n a t i n g  c a r t r i d g e s ,  L/N CNII and L/N CTN were o b t a i n e d .  

(b) F u n c t i o n a l  tests o f  t w o  f l i g h t  hardware e x p l o s i v e  

t r a i n s  i n c l u d i n g  EDC's, l e a d s ,  and e x p l o s i v e  b l o c k s  a t  an ambient 

p r e s s u r e  of 1 x T o r r  or less w e r e  made. 

(c )  Explos ive  leads f o r  p r o t o t y p e ,  q u a l i f i c a t i o n  and 

f l i g h t  S and A d e v i c e s  w e r e  des igned ,  deve loped  and f a b r i c a t e d .  

(a)  A document for t h e  f l i g h t  envi ronmenta l  t e s t  p l a n  and 

procedure  w a s  i s s u e d .  

( e )  T e s t  d e s i g n  l i m i t  t empera tu re  c y c l i n g  of the EX b l a c k  

was changed t o  t h e  MSC l i m i t s .  

( f )  T e s t  s u p p o r t  and materials needed t o  d e t o n a t e  up t o  

1 0  approximate 1-lb TNT cha rges  a t  a d i s t a n c e  up t o  1 , 0 0 0  f e e t  from 

t h e  c e n t r a l  c o n t r o l  s t a t i o n  w e r e  p rov ided .  

G .  The f o l l o w i n g  m i l e s t o n e  d e l i v e r y  d a t e s  were m e t :  
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i. 

ii * 

iii. 

i v ,  

V .  

v i  = 

Prclimj.nni-y HE and S / A  d e s i g n  O c t  1 9 7 0  

Sign-off  by BXA/NCL I C D  f o r  HE and S/A Nov 1 9 7 0  

De l ive ry  o f  i n e r t  p r o t o t y p e  models t o  BXA Apr 1 9 7 1  

De l ive ry  o f  p r o t o t y p e  models f o r  f i e i d  t e s t  J a n  1 9 7 1  

Deli.very of q u a l i f i c a t i o n  model-s for f i e l d  

t e s t  O c t  1 9 7 2  

De l ive ry  o f  f l i g h t  models t o  Kennedy 

S p a c e f l i g h t  Cen te r  Nov 1 9 7 2  

2 . 0  PROG1UM LOGISTICS 
I”_ 

2 . 1  The l o g i s t i c  f l o w  o f  t h e  p r o t o t y p e  hardware i s  shown i n  

F i g u r e  1 e The e x p l o s i v e  cha rge  hous ings  w i t h  all-mass s i m u l a t o r s  

were s f i i p p d  t o  NOL and asseirbled to thhe e x p i c s i v e  charges. T h e  

e x p l o s i v e  charge  a s sembl i e s  w e r e  thwi  shipped bo  the 

Naval Weapons Labora to ry ,  Dahlgren I V i r g i n i a  (NWL) f o r  e n v i r o n -  

menta l  t e s t i n g ,  Environmental  t e s t i n g  was accomplished w i t h  EP’ s 

a t t a c h e d  t o  a t r a n s p o r t  frame as shown i n  F i g u r e  2 .  The e x p l o s i v e  

pacltages w e r e  t h e n  s e n t  t o  NASA, White Sands T e s t  F a c i l i t y  (‘WSTF) 

where t h e y  were i n t e g r a t e d  w i t h  t h e  E l e c t r o n i c  and Safe/Arm Mechanism 

(E&SA’s) and f i n a l l y  deployed.  

2 . 2  The f low of  hardware a t  WSTF (F igure  3 )  was covered  by s p e c i a l  

i n s t r u c t i o n s  (TPS) which a l e r t e d  WSTF per sonne l  a s  t o  t h e  s a f e t y  

h a z a r d s  i n  h a n d l i n g  and s t o r s g e  o f  t h e  e x p l o s i v e  cha rges .  The TPS 

was w r i t t e n  i n  t h e  f i e l d  by EOL. Abnormal i t ies  such as d e t o n a t i o n  
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of t h e  s t a n d a r d  TNT c a l i b r a t i o n  charge  and dud d i s p o s a l  w e r e  

covered by t h e  WSTF F i e l d  T e s t  S a f e t y  P lan .  

2,3 The e x p l o s i v e  charges  for  € l i g h t  w e r e  sh ipped  d i r e c t l y  f r o m  

NOL t o  Kennedy S p a c e f l i g h t  C e n t e r  ( K S C ) .  F i n a l  assembly of t h e  

EGiSR t o  t h e  e x p l o s i v e  was made a t  XSC by NOL. 

3 .0  PROCUREMENT OF' BULK EXPLOSIVE 

3,1 A r e q u e s t  f o r  b i d  (RFB)  f o r  2 0 0  l b s  of H e x a n i t r o s t i l b e n e  

( H W - X I )  ' - p 2  Grade A,  d a t e d  1 7  Dec 1 9 7 0  w a s  s e n t  t o  t h r e e  p o t e n t i a l  

b i d d e r s .  The i m p o r t a n t  terms i n  t h e  RFB w e r e :  

a ,  A l l  of t h e  200  Lbs had t o  be s u p p l i e d  i n  one uni form l o t .  

b. A ce r t i f ica te  o f  compliance t o  t h e  s p e c i f i c a t i o n  

(WS5003E) had t o  be s u b m i t t e d ,  Acceptance w a s  s u b j e c t  

t o  v e r i f i c a t i o n  by tests by NOL. 

c. Del ive ry  w a s  t o  be a t  d e s t i n a t i o n  w i t h i n  37 days  a f t e r  

d a t e  of c o n t r a c t .  

d .  Required d e l i v e r y  a t  d e s t i n a t i o n  had t o  b e  w i t h i n  

4 4  days a f t e r  d a t e  o f  c o n t r a c t .  

3 .2  H N S - I 1  e x p l o s i v e  w a s  r e c e i v e d  from D e l .  Mar Eng inee r ing  f o r  t h e  

p r e p a r z k j  on of t h e  hlerrc: ,  II;?:;---II,"L'Ci7LON 90 /10  It: was pracured 

under  t h e  NOL Weapon S p e c i f i c a t i o n ,  14S5003EJ, accordincj to the q u a l i t y  
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assu rance  i n s p e c t i o n  plan f o r  the I S P E  p r o t o t y p e  hardware.  F i n a l  

acceptance  of t h e  e x p l o s i v e  was t o  be  c o n t i n g e n t  on t-he r e s u l t s  o f  

NOL t e s t i n g .  The e x p l o s i v e  was t e s t e d  a t  NOL a c c o r d i n g  t o  WS5003E 

and was found t o  be d e f i c i e n t  i n  t h e  f o l l o w i n g  areas: 

a.  T e s t  Procedure (Pa ra .  N o 2 )  4.5.1,2 

Vacuum S t a b i l i t y  ( a )  m l / g m  f o r  f i r s t  20 m i n u t e s  

Allowable 0 . 6  m l  max, NOL F ind ings :  0 . 8  ml 

b ,  Test Procedure (Pa ra .  N o .  ) 4.5e1 .4  

Water-soluble  m a t e r i a l ,  % by w t  

Allowable 0.03% max. NOL F ind ings :  0 .14 -0 .15% 

c. T e s t  Procedure (Pa ra ,  N o . )  4 * 5 * I.. .5  

Insol-uble mater ia l ,  8 by wt 

Allowable 0.03% max. NOL F ind ings  : 2 samples  0,02% 

3 samples 0.03, 0 . 0 4 ,  

and 0 . 0 4 %  

A l l .  o t h e r  p r o p e r t i e s  were a c c e p t a b l e ,  i - e - ,  m e l t i n g  p o i n t ,  m e l t i n g  

r ange ,  vacuum s t a b i l i t y  f o r  an a d d i t i o n a l  two hour s ,  s u r f a c e  

moi s tu re ,  bu lk  d e n s i t y ,  and e x p l o s i v e  s e n s i t i v i t y .  

3 . 3  In  view of t h e  above f i n d i n g s ,  NOL c o n s i d e r e d  t h e  f a i l u r e  o f  

the 20  minutes s u r g e  t e s t  a s  a v e r y  minor e x c e p t i o n  from t h e  s p e c i -  

f i c a t i  on, Tl1~1 water scil:nblc rnateri a1 w a s  EOL expected t o  af f a c t  the 

performance or the thermal. s t a b i l i t y .  In f a c t ,  i n  the I-liiiS-I p o r t i o n  
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o f  the s p e c i f i c a t i o n ,  t h e  allowable watcr s o l u b l e  m a t e r i a l  w a s  0 . 2 % ,  

The d e v i a t i o n  i n  % s o l u b l e  material  was probably  n o t  much more 

t h a n  t h e  expe r imen ta l  e r r o r  i n v o l v e d  i n  making t h e  measurement 

S ince  t h e  t empera tu re  envelope  proposed by NASA/MSC w a s  n o t  expec ted  

t o  exceed 150°C, and t h e  s p e c i f i c a t i o n  WS5003E was des igned  t o  

q u a l i f y  H N S  t o  a tempera ture  of 200-230OC t h e r e  w a s  no p r o p e r t y  o f  

t h i s  e x p l o s i v e  ( D e l  Mar Engr. 2 0 0  l b s  o f  HNS-XI) t h a t  would p r e s e n t  

any problems t o  t h e  LSPE program. 

3.4 The above i n f o r m a t i o n  w a s  t r a n s m i t t e d  t o  MSC a s  a r e q u e s t  f o r  

d e v i a t i o n  from t h e  s p e c i f i c a t i o n ,  WS5003, and from t h e  q u a l i t y  

a s s u r a n c e  t e s t  p l a n  f o r  p r o t o t y p e  hardware,  NASA concurred  b u t  

l i m i t e d  the use  of the rnaterial t o  prototype hzrdware o n l y  a t  t h a t  

t i m e .  However, t h e  e n t i r e  lot was b lended  i n  a n t i c i p a t i o n  o f  

subsequent  approval  for u s e  i n  q u a l i f i c a t i o n  and. f l i g h t  hardware.  

3.5 The sma l l  scale gap t es t  s e n s i t i v i t y 3  w a s  de te rmined  f o r  a 

r e p r e s e n t a t i v e  b a t c h  o f  HNS-I1 ( I D .  1 4 7 9 ) .  The r e s u l t s  w e r e  ana lyzed  

by t h e  Bruceton t es t  method as  p e r  WS5003E. The HNS-I1 sample a t  t h e  

s p e c i f i c a t i o n  a c c e p t a b l e  d e n s i t y  of 1 . 6 2 9  g /cc  had m e t  t h e  

s e n s i t i v i t y  and o u t p u t  r equ i r emen t s  of WS500 3E,  

3.6 As r e p o r t e d  i n  ear l ier  p r o g r e s s  r e p o r t s ,  t h e  150 l b  of HNS-I1 

purchased from Chemtronics (Chemtronics L o t  36-44) d i d  n o t  p a s s  t h e  

Sulk density t e s t .  It wi~s  r e t u r n e d ,  A new l o t  w a s  ser,t t o  N O b  f o r  

a.cce_nt-.ance tescinq, ' b ' h i s  l o t  (Cliemtronics L o t  36 -45)  was g iven  the 

NOL i d e n t i f i c a t i o n  number X-7 '74  A r e p r e s e n t a t i v e  sample was t a k e n  
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from t h i s  150-lb L o t ,  Q u a l i t y  assurance  tes ts  w e r e  conducted as 

r e q u i r e d  by WS 5003E. A l l  o f  t h e  r equ i r emcn t s  2s s p e c i f i e d  i n  

WS 5003E were m e t  f o r  t h e  f o l l o w i n g  s p e c i f i c a t i o n  tests: 

(i) Mel t ing  p o i n t  range  

(ii) Vacuum S t a b i l i t y  

(iii) S u r f a c e  Mois ture  

( i v )  Water S o l u b l e  

(v)  I n s o l u b l e  Material  

( v i )  B u l k  Dens i ty  

( v i i )  SSGT S e n s i t i v i t y  

(viii) Output  

4.. O DIFFERENTIAL THERMAL A N A L Y S I S  ON HNS , TEFT,r3N, - - 
AND WNS/TEFLON 7C 90/3.0 

4 . 1  D i f f e r e n t i a l  t he rma l  a n a l y s e s  w e r e  run  on HNS (X756), 

HNS/Teflon 7C (X757 and I D  1 4 6 2 ) ,  and T e f l o n  7C.  Hea t ing  r a t e s  of 

b o t h  5"C/min and JO°C/min were used  on a l l  mater ia ls  e x c e p t  

E-INS/Teflon 7C ( I D  1 4 6 2 ) ,  which was run on ly  a t  t h e  5°C/min h e a t i n g  

ra te  e 

4,2 A l l  of t h e  HNS and HNS/Teflon samples showed a s l i g h t  exotherm 

( b e l i e v e d  t o  be due t o  decomposi t ion)  j u s t  p r i o r  t o  t h e  endotherm due  

t o  me l t ing .$  

p o i n t  endotherm was 31l.5"C t o  312,5OC for H N S  (X7!56),  311.0OC to 

311.8 Qc for  mS/'i'Q-S.lot? 7c ( 2 3 5 7 )  I a i d  325, t iOC 1-0 3 2 8 . 6 " C  for 

T e f l o n  7 C ,  

The t empera tu re  range  of t h e  i n i t i a t i o n  of t h e  m e l t i n g  
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5 .1  One o f  t h e  r equ i r emen t s  of  t h e  p r o j e c t  w a s  t o  d e v e l o p  s i m u l a n t  

composi t ions and manufacture  i n e r t  e x p l o s i v e  charge  s i m u l a t o r  b l o c k s  

f o r  Bendix t o  b e  u s e d  i n  some of t h e i r  i n - p l a n t  tests,  It  was 

d e s i r a b l e  t h a t  t h e  p h y s i c a l  p r o p e r t i e s  of t h e  s i m u l a n t  b e  as s i m i l a r  

as p o s s i b l e  t o  t h o s e  of HNS/Teflon. A nunlber of  such s i m u l a n t  

composi t ions  were developed and e v a l u a t e d .  A summary of t h e s e  

composi t ions i s  g iven  i n  Table 1. 

5 - 2  A number of m a t e r i a l s  were e v a l u a t e d  i n  an e f f o r t  t o  develop  

an i n e r t  s i m u l a n t  p o s s e s s i n g  t h e  same d e n s i t y  and t h e r m a l  p r o p e r t i e s  

as    res sed I 1 N S / Y e f l o n  The m o s t  profi??ising E o r m u l a t i o n  was a p r e s s e d  

mix tu re  of melamine, k a o l i n ,  and Te f lon  which w a s  t h e r m e l l y  s tab le  at. 

l 5 O 0 C ,  had t h e  same d e n s i t y  as HNS/Teflon, and was machinable ,  

5 3 T h e  thermal  d i f  f u s i v i t y  ( f rom which t h e  the rma l  c o n d u c t i v i t y  

i s  o b t a i n e d )  and s p e c i f i c  heats  have been o b t a i n e d  f o r  HNS/Teflon-30, 

HNS/TefLon-7C, Te f lon ,  and s i m u l a n t s  1 0 ,  1 2 ,  1 4 ,  and 15 o f  Table  1. 

The r e s u l t s  of  t h e s e  tes ts  i n d i c a t e  t h a t  a s i m u l a n t  can b e  made 

w i t h i n  t h e  s p e c i f i c a t i o n  limits shown on t h e  Bendix drawings.  These 

test  r e s u l t s  a r e  d e t a i l e d  i n  Table  2 .  

5 .4  The c o e f f i c i e n t  of l i n e a r  expans ion  has been run  on v i r g i n  

Tef lon  and on one l o t  of IINS/Teflon-7C, 

10 



5 5 CxpX.r j  riental- clictrgcs h:i\re bccn p r e s s e d  and rmchincd. 

Eighty  ( 8 0 )  cha rges  o f  IINS/TerLlon of v a r i o u s  s i z e s  and d e n s i t i e s  

w e r e  made, as w e l l  as t h i r t y - n i n e  ( 3 3 )  c h a r g e s  of v a r i o u s  k i n d s  of 

s i m u l a n t s .  The i n e r t  s i m u l a n t  selected w a s :  

Melamine (Eastman 1540 o r  e q u i v a l e n t )  

Te f lon  (DuPont 7C) 

10.0 i- 0.5% - 
24.0 f 0.5% - 

Viny l idene  f l u o r i d e  r e s i n  (Pennwalt  RC 2525) 66 .0  - + 0.5% 

5.6 - TIIERMAL PROPERTIES. The the rma l  c o n d u c t i v i t y  and s p e c i f i c  

h e a t  of t h e  s e l e c t e d  composi t ion  ( d e s i g n a t e d  as Simulant  2 0 )  w e r e  

5.793 x lo-'' cal/cm/sec-°C arid 0.278 cal/grn/OC, r e s p e c t i v e l y *  

compare fzvorsbly w i t h  the v a l u c s  of 5 . 6 3 6  x l o - *  cal/en/'scc-°C and 

0 .249  cal/gm/OC o b t a i n e d  f o r  H N S - I I / T c f l o n - 7 C  ( I D  1 4 6 2 )  made f r o m  

I INS- I1  (x580) remain ing  from t h e  ALSEP program. The c o e f f i c i e n t s  of 

These 

l i n e a r  thermal  expans ion  were o b t a i n e d  f o r  v i r g i n  t e f l o n ,  

HNS/TEFLON-7C ( I D  1 4 6 2 ) ,  and each  of t h e  components of  t h e  selected 

sirnulank. A v a l u e  o f  6 . 6 8  x cm/cm/OC w a s  o b t a i n e d  for  t h e  

HNS/Teflon-7C ( I D  1 4 6 2 ) .  Deta i l s  o f  t h i s  and t h e  o t h e r  measurements 

made are g iven  i n  T a b l e  3 .  During t h e  the rma l  c y c l i n g  r e q u i r e d  t o  

make t h e  c o e f f i c i e n t  of l i n e a r  t he rma l  expans ion  measurements, 

i r r e v e r s i b l e  growth of m m e  of t h e  m a t e r i a l s  was found t o  have taken  

p l a c e ,  Although t h i s  growth ranged  up t o  le67% ( p e r c e n t  i n c r e a s e  i n  

l e n g t h )  f o r  t h e  melamine, i t  w a s  less t h a n  0 . 1 %  f o r  t h e  HNS/Teflon-7C. 

The p e r c e n t  of i r r e v c r s i b l c  qwowth expc r i enzcd5  on the i n i t i a l  

tF, ' . rnp 2 a t u r c  cycle is g.i-ven i n  7'ablr 3 .  



been o b t a i n e d  on p e l l e t s  made from RNS/Teflon-30 machinings from 

t h e  ALSEP cha rges  ( I D  1378)  and H N S  (X580)/Teflon-7C ( I D  1 4 6 2 )  

molding powder. P e l l e t s  from each  b a t c h  were made a t  t w o  d i f f e r e n t  

compaction p r e s s u r e s .  The e f f e c t  o f  t empera tu re  c y c l i n g  of t h e s e  

p e l l e t s  w a s  a l so  examined, The i n c r e a s e  i n  compressive s t r e n g t h  due 

t o  t empera tu re  i s  r e a d i l y  a p p a r e n t  from t h e  data  as shown i n  Tab le  4 .  

6 . 0  DETONATION VELOCITY MEASUREFIENT O F  HNS/TEFLON 90/10 

ON T I E  STREAK CAMERA 

6 . 1  A s i n g l e  f i v e  ( 5 )  pound cha rge  of HNS-II/Teflon-7C w a s  

f a b r i c a t e d  from t h e  f i r s t  10-pound b a t c h  of  e x p l o s i v e  made by t h e  

new process  (dry  blend.), I t  vas  p r e s s e d  i n t o  a c y l i n d e r  a t  2 5  K p s i  

i n  a double  ended mold u s i n g  an i s o s t a t i c  p r e s s  and machined t~ a 

d iame te r  of 5'.'002 and a l e n g t h  of 41'185. Th.e charge  weighed 2 2 8 2  gms 

and had a v e r y  uni form,  l i g h t  y e l l o w  c o l o r .  I ts  d e n s i t y  w a s  

1 ,693  g/cc.  Upon f i r i n g ,  t h e  cha rge  w a s  viewed by a Cordin h i g h  

speed  camera. I n i t i . a t i o n  w a s  w i t h  an EDC d e t o n a t o r  h e l d  i n  a f i x t u r e  

l o c a t e d  on t h e  f l a t  end of  t h e  c y l i n d r i c a l  cha rge ,  Th i s  a l lowed t h e  

EDC t o  f i r e  o v e r  a 0.374-inch a i r  gap b e f o r e  s t r i k i n g  t h e  cha rge .  

The d e t o n a t o r  was o f f - s e t  from t h e  charge  a x i s ,  b e i n g  1-1/8 i n c h e s  

from t h e  closest  c y l i n d e r  s i d e .  A OI'125 wide x O b ' l O O  deep  s l o t  

through t h e  bottom of  t h e  d e t o n a t o r  f i x t u r e  a l lowed o b s e r v a t i o n  by 

t h e  camera of d e t o n a t i o n  p roduc t s  as t h e y  s t r u c k  t h e  HNS cha rge .  
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The Cordin h igh  speed  smear canicra. v , 7 a s  w r i t i n g  a t  3 e 0 n im/psec  e 

The smear camera SI it reco rded  d e t o n a t i o n  a r r i v a l  a long t h e  c y l i n d e r  

s u r f a c e  and a c r o s s  t h e  end s u r f a c e  o p p o s i t e  t h e  d e t o n a t o r .  

(See F i g u r e  (4) e )  

6 .2  The r e s u l t s  o f  t h e  s h o t  w e r e  as follows: 

( a )  Detonator  r e sponse  time: 38 kisec. (Th i s  w a s  t h e  t i m e  

bet.ween a p p l i c a t i o n  o f  a 2.5 I<V p u l s e  (4mfd) t o  t h e  d e t o n a t o r  and 

t h e  a r r i v a l  o f  d e t o n a t i o n  p r o d u c t s  a t  t h e  HNS c h a r g e . )  

( b )  The f i r s t  p r o d u c t s  from t h e  d e t o n a t o r  c r o s s e d  t h e  a i r  

gap between t h e  d e t o n a t o r  and t h e  HNS/Teflon s u r f a c e  a t  a ra te  o f  

3 9 9 0  meters p e r  second.  

(e) Detonat ion  v e l o c i t y  based  on measured a r r i v a l  t i m e s  a long  

t h e  s i d e  o f  t h e  c y l i n d e r  was c o n s t a n t  a t  69'90 m/sec. 

(d) Average cietonat ion v e l o c i t y  based  on a r r i v a l  t i m e  a t  t h e  

c y l i n d e r  f a c e  o p p o s i t e  t h e  d e t o n a t o r  was also 6 9 9 0  m / s e c .  

6 .3  Ana lys i s  of shock wave a r r i v a l  p r o f i l e s  i n d i c a t e d  t h a t  

d e t o n a t i o n  was o b t a i n e d  close t o  t h e  i n p u t  s u r f a c e  of t h e  cha rge  and 

o v e r  a r e g i o n  (probably  r e l a t e d  t o  t h e  d i a m e t e r  o f  t h e  h o l e  through 

t h e  d e t o n a t o r  h o l d e r )  r a t h e r  t h a n  a t  a s i .ng le  p o i n t .  Bu i ld  up t o  

d e t o n a t i o n  w a s  rapid. F u l l  s c a l e  d e t o n a t i o n  w a s  ach ieved  by t h e  time 

of  w;iive arrival at r"1i.c ::idc2 of the c y l i n d e r  alearest t h e  d e t o n a t o r ,  

ine., after less than 1-1/8 i n c h e s  of t r a v e l .  The va lues  of 
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d c t o n a t i v n  v e l o c i t y  o b t a i n e d  thi-ougli t h e  chargc?. and GI oxig tlic s u r f a c e  

were i d e n t i c a l  i n  t h i s  t e s t ,  a g a i n  i n d i c a t i n g  t h a t  a s t e a d y  s t a t e  was 

r e a d i l y  e s t a b l i s h e d  i n  t h e  charge .  

6 - 4  Two cha rges  of HNS-II/Teflon 90/10  p l a s t i c  bonded e x p l o s i v e  

w e r e  f i r e d  and viewed by h igh  speed  photography,  I n i t i a t i o n  was by 

an  EDC ( F l i g h t  U n i t )  d e t o n a t o r  l o c a t e d  on a f l a t  end o f  t h e  

c y l i n d r i c a l  charge  and a c t i n g  o v e r  a 0.375-inch a i r  gap. The 

d e t o n a t o r  was o f f - s e t  from t h e  charge  a x i s .  One cha rge  weighed f i v e  

pounds ( 2 2 5 8  g ) ,  had a d i a m e t e r  o f  5.007 i n c h e s ,  and a h e i g h t  of 

4.185 i n c h e s  

w a s  1 . 1 2 5  i n c h e s  from t h e  edge of t h e  charge .  The o t h e r  cha rge  

weighed. one pound ( 4 4 5 . 5  9) I had a diameter of 2 . 7 5 3  i n c h e s ,  andl a. 

h e i g h t  e q u a l  t o  t h e  d i a m e t e r  ( d e n s i t y  = 1 . 6 6 4  cj/cm3). 

s h o t ,  the d e t o n a t o r  w a s  l o c a t e d  0 . 9 6  i n c h e s  froin t h e  charge a x i s ,  

The d e t o n a t o r  was e n e r g i z e d  by t h e  sudden d i s c h a r g e  o f  a 4 micro-  

f a r a d  c a p a c i t o r  charged  t o  2500  v. Observa t ion  w a s  by smear camera 

w r i t i n g  a t  a r a t e  of  approximate ly  3 m m / p s e c .  A b r i d g e w i r e  l o c a t e d  

i n  t h e  f i e l d  of  view o f  t h e  smear camera was exploded a t  t h e  same 

i n s t a n t  t h a t  t h e  d e t o n a t o r  w a s  e n e r g i z e d .  The t i m e  e l a p s e d  between 

t h e  b r i d g e w i r e  f l a s h  and t h e  a r r i v a l  of d e t o n a t i o n  a t  t h e  f a r  end of 

t h e  cha rge ,  a long  w i t h  t h e  p r o p a g a t i o n  ra te  through t h e  charge  o n l y  as 

de termined  by t h e  smear camera, s e r v e s  t o  de te rmine  d e t o n a t o r  d e l a y ,  

i . e ,  t h e  t i m e  r e q u i r e d  f o r  t h e  t r a n s i t  o f  d e t o n a t i o n  through t h e  

chsrrjc o n l y  was s u b t r a c t e d  f r o m  the  t o t a l  t i m e  t o  give the dcton-LtSr 

delay,  The a r r i v ~ i  of detonati on wx; rccorded a l o n g  bot;h the si de 

( d e n s i t y  = 1 . 6 7 9  g/cm3) e The c e n t e r  of t h e  de tonakor  

I n  t h i s  second 



c l o s e s t  t o  t h e  d e t o n a t o r  and a c r o s s  the end of t h e  cha rge  o p p o s i t e  

t o  t h e  d e t o n a t o r .  From t h e  r e l a t i v e  measured a r r i v a l  t i m e s  t h e  

average  d e t o n a t i o n  v e l o c i t y  w a s  o b t a i n e d  between any t w o  d e t o n a t i o n  

p a t h s  

6 . 5  The r e s u l t s  w i t h  t h e  five-pound cha rge  (NOL Shot No. D-174) 

show t h a t  t h e  d e t o n a t o r  d e l a y  was 3 4  -I- - 0 . 3 3  psec and t h a t  t h e  ave rage  

d e t o n a t i o n  v e l o c i t y  was 6800 - 6950  m/sec de termined  f r o m  s i d e  

a r r i v a l  and 7000 - 7100 m / s e c  from end a r r i v a l ,  The r e s u l t s  w i t h  t h e  

one-pound cha rge  (NOL Shot  N o .  D-176) show t h a t  t h e  d e t o n a t o r  d e l a y  

was 4 .9  + 0 . 2 3  psec and t h a t  t h e  average d e t o n a t i o n  v e l o c i t y  vas 

6650  - 6700  m/sec by s ide  a r r i v a l ,  and 6850  - 6950 m/sec by end 

a r r i v a l .  Apparently t h e  d i f f e r e n c e  between s i d c -  and end-der ived  

v e l o c i t i e s  i s  due t o  t h e  g radua l  i n c r e a s e  i n  d e t o n a t i o n  v e l o c i t y  as  

t h e  d e t o n a t i o n  moves through t h e  cha rge  Probably  the d i f  f e r e n c e  i n  

maximum d e t o n a t i o n  v e l o c i t y  o b t a i n e d  i n  t h e  two s h o t s  i s  due mos t ly  

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

o b t a i n e d ,  t h e  i n i t i a t i o n  of t h e  c h a r g e s  seems t o  be r e l i ab le ,  b u t  

there was s o m e  ev idence ,  based on d e t o n a t i o n - t r a c e  i n t e n s i t y ,  t h a t  

t h e  h i g h e r  d e n s i t y  ( l a r g e r )  cha rge  was n o t  b u i l d i n g  up as q u i c k l y  i n  

t h e  f i r s t  p a r t  of t h e  d e t o n a t i o n  t race  as t h e  lower d e n s i t y  charge .  

This  i s  compat ib le  w i t h  t h e  u s u a l  behavior o f  h igh  e x p l o s i v e s  i n  t h a t  

a lower d e n s i t y  charge  would be more s e n s i t i v e  t o  shock i n i t i a t i o n  

b u t  have a lower d e t o n a t i o n  v e l o c i t y .  I t  a p p e a r s I  however, t h a t  i n  

b o t h  c a s e s  t h e  maximum d e t o n a t i o n  v e l o c i t y  was reached  f o r  a l l  

przictsi cal. purposes  by (Lhc-: t i m e  the dc tonaki -on  f r o n t  neared tikc? f a r  

end of 'che charge .  

I 
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6.6  A s  was poin ted  o u t ,  k h c  e x p l o s i v e  t r a i n  was r edes igned  t o  

i n c o r p o r a t e  a new I INS l e a d .  The l e a d .  w a s  n e c e s s a r y  t o  improve t h e  

r e l i a b i l i t y  of i n i t i a t i o n  of t h e  HE b lock .  The d e t o n a t i o n  o f  a n  

IINS/TEFLON ( 9 0 / 1 0 )  cha rge  i n i t i a t e d  by t h e  r edes igned  e x p l o s i v e  

t r a i n  was observed  w i t h  t h e  Cordin s t r e a k  camera and comTared w i t h  

t h e  r e s u l t s  of a s i m i l a r  test. on t h e  l c a d - l e s s  sys tem mentioned 

ear l ie r .  

6 . 7  The charge  i n  t h i s  t es t  was a 4.875-inch d i ame te r  by 

4.874-inch long  c y l i n d e r  of e x p l o s i v e  i s o s t a t i c a l l y  p r e s s e d  and t h e n  

machined. I ts  d e n s i t y  was 1 . 6 9 6  g/cc.  The I-INS l e a d ,  mounted i n  t h e  

S/A s l i d e r ,  w a s  i n i t i a t e d  by an end d e t o n a t i n g  c a r t r i d g e  from NASA 

l o t  CNH. The d e t o n a t o r  was locatcci on o:ie end surface of the 

c y l i n d e r ;  i t s  c e n t e r  was 1-1/8 i n c h e s  i n  from t h e  closest cy1ir:der 

s i d e .  The Camera r e c o r d  i n c l u d e d  d e t o n a t i o n  a r r i v a l  p r o f i l e s  from 

t h e  c l o s e s t  c y l i n d e r  s i d e ,  t h e  most d i s t a n t  s i d e ,  and also from t h e  

end of t h e  cha rge  o p p o s i t e  t h e  d e t o n a t o r ,  

6 . 8  The d e t o n a t i o n  v e l o c i t y  o b t a i n e d  w a s  7000  meters/sec 

( e s s e n t i a l l y  i d e n t i c a l  t o  t h e  6 9 9 0  meters/sec o b t a i n e d  w i t h  t h e  

l e a d - l e s s  system) The " e f f e c t i v e  c e n t e r "  of i n i t i a t i o n  w a s  abou t  

6 mm back o€ t h e  charge  s u r f a c e ,  imply ing  t h a t  i n i t i a t i o n  o c c u r r e d  

c l o s e  t o  t h e  back s u r f a c e  o f  t h e  cha rqe  and ove r  a r e g i o n  (probably  

r e l a t e d  t o  t h e  d i a m e t e r  of t h e  hole  a t  t h e  o u t p u t  side of t h e  l e a d  

holder) rather t h m  at a s i n q l e  p o i n t ,  

16 



7 -1 NOL sub-con t rac t ed  t h e  envi ronmenta l  t e s t i n g  of  t h e  e x p l o s i v e  

package t o  t h e  Naval ’i4caT>ons Labora to ry ,  (NNL) Dahlgren,  V i r g i n i a ,  

This  was done f o r  r e a s o n s  of s a f e t y  ( e x p l o s i v e  q u a n t i t i e s  exceeded 

l i m i t s  f o r  NOL f a c i l i t y )  and f o r  l a c k  o f  c e r t a i n  v i b r a t i o n  

equinment i n  t h e  P:OL e x p l o s i v e  t e s t  a r e a .  

7 . 2  Two sets of 9 r o t o t y p e  hardware ( 1 6  e x p l o s i v e  packages)  

completed t h e  envi ronmenta l  t e s t  sequence a t  t h e  Naval Weapons 

Labora tory  a t  Dahlgren,  V i r g i n i a .  This  t e s t  sequence w a s  d e f i n e d  i n  

t h e  NOL s t a t e m e n t  of work, paragraph  4 ,  and t h e  m o d i f i c a t i o n s  t o  t h e  

work s t a t e m e n t ,  a t t achmen t  2 ,  pa rag raph  e - as (a )  accep tance  

v i b r a t i o n ,  (b )  tliermal- cycling, (c) c?esigx i i m i t  v i b r a t i o n ,  and 

( d )  des ign  l i m i t  shock. 

7 3 The envi ronmenta l  t e s t i n g  w a s  accornpli.shed i n  v a r i o u s  phases  

w i t h  t h e  e x p l o s i v e  s e c t i o n  of t h e  expe r imen ta l  package t e s t e d  

s e p a r a t e l y  from t h e  e l e c t r o n i c s  d u r i n g  t h e  program. Mass 

s i m u l a t o r s  w e r e  used  t o  r e p l a c e  a c t u a l  e l e c t r o n i c s  and t i m i n g  

mechanisms. A t y p i c a l  t e s t  v e h i c l e  is  shown p r i o r  t o  assembly i n  

F i g u r e  5 A .  bJo te  t h e  foam f i l l  used  t o  reduce  t h e  a i r  volume where 

t h e  v a r i o u s  s i z e  e x p l o s i v e  c h a r g e s  were used .  The assembly i s  shown 

in F i g u r e  513. 

7 . 4  S i n c e  t h e  esp1or;ivc pac’rages were t o  E x  t r a n s p o r t e d  t o  t h e  



t e s t e d  n t t r r r h c d  to t h e  t r n n s p o r t  frame f o r  p rope r  s i m u l a t i o n .  R 

t y p i c a l  se t  o f  8 cha rges  i s  shown a t t a c h e d  t o  t h e s e  frames i n  

F i g u r e  58. T h e  program f o r  s e q u e n t i a l l y  t e s t i n g  t h e  p r o t o t y p e  hard-  

ware i s  d e s c r i b e d  i n  t h e  f o u r  c a t e g o r i e s  below. 

1.. Thermal Cycl ing  (Design L i m i t )  .- 

The packages w e r e  exposed t o  t h e  f o l l o w i n g  t ime / t empera tu re  

p r o f i l e  : 

Reduct ion o f  t empera tu re  from ambient  t o  -100'F (0-3 h r s )  

R a i s e  t empera tu re  t o  -40'F (3-6,5 h r s )  

R a i s e  t empera tu re  t o  250'F (6.5-11.5 h r s )  

Reduce t empera tu re  t o  190 'F  (11.5-16 h r s )  

Reduce t empera tu re  t o  - 1 O Q  O F  (lG--J_8 h r s )  

R a i s c  t en-pera ture  t o  Krabien'c. 75OF (18-24 hrs) 

( t i m e s  are t h e  elapsed.  t i m e s  from t h e  beg inn ing  of t h e  

the rma l  c y c l e  sequence)  

The packages w e r e  X-rayed b e f o r e  and a f t e r  t h e  thermal  c y c l e .  It  

w a s  no ted  on t h e  r ad iog raphs  f o l l o w i n g  t h e  tests t h a t  c r a c k i n g  

occur red  i r a  t h e  l a r g e r  c h a r g e s  F u r t h e r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  

t h e  1/2 ,  1, 3 ,  and G pounds cha rges  showed v a r i o u s  d e g r e e s  o f  

c r a c k i n g  b rough t  abou t  by t h e  the rma l  c y c l e .  I n  t h e  c u b i c a l  g-eometry 

t h e  cracks w e r e  b o t h  v e r t i c a l  and c r o s s - a x i s  t o  t h e  charge .  The 

c y l i n d r i c a l  c h a r g e s  a l l  e x h i b i t e d  t h e  same c r o s s - a x i s  c r a c k i n g ,  

at- t ia i : ;  pori n t  s c w r a l  yuzstions becjnn to arise as to whether a 

charge cou ld  be f a h r i  c a t e d  to w i t h s t a n d  t h i s  thermal sl10clc w i t h o u t  
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crackir ig  and whether  t h e r e  shou ld  LY a quc:stion o f  s a f e t y  and 

r e l i a b i l i t y  a s s o c i a t e d  wi th  t h e  c r a c k i n g  phenomena e A l i t e r a t u r e  

s e a r c h  r e v e a l e d  l i t t l e  on t h e  e f f e c t s  o f  c r a c k s  on t h e  s a f e t y  i n  

h a n d l i n g  o r  t h e  performance o f  an e x p l o s i v e  charge  c o n t a i n i n g  

f i s s u r e s .  NWL w a s  a u t h o r i z e d  t o  c o n t i n u e  t h e  envi ronmenta l  t e s t i n g  

o f  t h e  c racked  charqcs a f t e r  which time NOL s e l e c t e d  f i v e  c racked  

cha rges  f o r  camera s tudy .  These cha rges  were r e p l a c e d  w i t h  newly 

f a b r i c a t e d  p r o t o t y p e  cha rges  for f i e l d  t e s t i n g .  

2 .  Acceptance V i b r a t i o n  - 

The s p e c i f i c a t i o n  f o r  t h i s  t es t  w a s  t o  v i b r a t e  from 

5-12-1-00 h z  Cl 0e15i1  D. A ,  o r  l . 0  G peak a t  64,5"/minute .  The 

t r a n s p o ~ t  frames w e r e  v i b r a t e d  on t h r e e  ( 3 )  o r t h o g o n a l  ax is  w i t h  t.he 

maximum running  time o f  1 . 4  minutes  f o r  each  a x i s .  

A revi.ew of r ad iog raphs  f o l l o w i n g  X-ray r e v e a l e d  no 

a d d i t i o n a l  c r a c k i n g  o r  powdering o f  t h e  e x p l o s i v e  e 

3. V i b r a t i o n  Tests (Design L i m i t )  

The u n i t s  w e r e  t h e n  s u b j e c t e d  t o  t h e  f o l l o w i n g  v i b r a t i o n  test:  

a .  V i b r a t e  5-1000-5 hz @ 0 . 2 "  D. A. @ 64.5"/rninute w i t h  a 

crossover a t  1 . 4  G and c o n t i n u e  t o  sweep a t  1 , 4  G. S u b j e c t  t o  one 



corn1)lctc ciycle only up and clown. The approximate running  t i m e  was 

2 . 9  minutes .  The u n i t s  were t e s t e d  on t h r e e  ( 3 )  o r t h o g o n a l  a x i s  

u s i n g  t h e  above v a l u e s .  

b .  V i b r a t e  a t  6 hz ,  1 . 5  G for 10 seconds  on each  a x i s ; .  

c. A l l  u n i t s  w e r e  v i b r a t e d ,  f o r  random n o i s e ,  t o  t h e  

fo l lowing  s p e c i f i c a t i o n :  

20-40 hz 

40-85 hz 

85-110 hz 

110-400 hz 

400  -4 6 0 hz 

450-1100 hZ 

1100-2000  hz 

12db/octave i n c r e a s e  

0 . 0 3  G2/hz 

Gdb/octave i n c r e a s e  

0.05 G2/hz 

Gdb/octave 

0 . 0 4  G2/hz 

12db/octave 

The t o t a l  t i m e  for each  a x i s  w a s  1 minute .  

4, Shock T e s t i n g  (Design L i m i t )  

Each u n i t  was s u b j e c t e d  t o  sliock on each  a x i s  a t  15 G peak 

sawtooth w i t h  each hav ing  a 1 0  i n i l l i s e c  rise t o  peak and 1 mi l l i s ec  

f a l l  f o r  a t o t a l  d u r a t i o n  of 11 mil l isec.  
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a .  The t r a n s p o r t  f r a m ,  the s t r u c t u r e  which r e t a i n s  t h e  

e x p l o s i v e  cha rges  d u r i n g  v i b r a t i o n ,  y i e l d e d  a f t e r  b e i n g  sub j c c t c d  t o  

shock. 

b, Cracking and one l u g  f a i l u r e  w e r e  observed  on t h e  

an tenna  c o l l a r s  a f t e r  shock t e s t i n g .  

c. N o  a b n o r m a l i t i e s  w e r e  observed  a f t e r  d e s i g n  l i m i t  

v i b r a t i o n s .  

d .  T h e  an tenna  c o l l a r  c r acked  on t h e  e x p l o s i v e  package 

d u r i n g  t h e  the rma l  t e s t .  

e.  The e x p l o s i v e  cha rqes  c racked  f o l l o w i n g  t h e  t h e r m a l  

c y c l i n g .  The 3 ,  1, 1/2, and 1 / 4  lb cha rges  (total 8 )  e x h i b i t e d  

cracks as r e v e a l e d  by r ad iog raphs  b e f o r e  and a f t e r  t h e  t es t .  The 

c r a c k s  were n o t  expec ted  t o  degrade  t h e  performance of t h e  

e x p l o s i v e .  (A group of f i v e  o f  t h e  above cha rges  ( 3 ,  1, 1/2, 1/4, 

1 /8  lb) w e r e  f i r e d  t o  de te rmine  t h e i r  d e t o n a t i o n  v e l o c i t i e s , )  

The X-rays fo l lowing  t h e s e  tes ts  r e v e a l e d  no a d d i t i o n a l  

f i s s u r e s  o v e r  t h e  o r i g i n a l  ones caused by t h e  the rma l  shock. It w a s  

concluded t h a t :  

(i) The t es t  environment w a s  n o t  f u l l y  r e p r e s e n t a t i v e  

of t h e  mi s s ion .  
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(ii) The t1icrm;il g r , i d i e i i t s  caused  t h e  cr?ck.ing of 

t h e  c h a r g e s ,  

It  was p o i n t e d  o u t  by NOL t h a t  t h e  c r a c k s  would n o t  a f f e c t  t h e  

performance o f  t h e  e x p l o s i v e  cha rges  i n  t h e  f i e l d .  A program w a s  

recommended t o  conf i rm t h e  performance o f  s e v e r a l  of t h e  c racked  

cha rges  by d e t o n a t i n g  them b e f o r e  a h igh  speed  camera and measuring 

t h e  d e t o n a t i o n  v e l o c i t y  a l o n g  t h e  s i d e  of t h e  cha rge .  

8 . 0  EXAMINATION O F  THE PROTOTYPE HE CIIARGE CASE AND THE 6-LB 

EXPLOSIVE CHARGE AFTER ENVIRONMENTAL TESTING 

8 . 1  There were two aetioii items r e s u l t i n g  from a BXA/MSC/NOL 

meet ing:  

(1) NOL/BXA were t o  examine t h e  e l e v e n  remain ing  cha rge  c a s e s  

(of t h e  1 6  t e s t e d  a t  NWL) f o r  c r a c k s  and o t h e r  anomal ies .  

( 2 )  NOL/BXA w e r e  t o  examine t h e  t o p  s u r f a c e  of  t h e  6- lb  e x p l o s i v e  

cha rges  f o r  t y p e  and number of  h a i r l i n e  s u r f a c e  c r a c k s .  

8 - 2  A v i s u a l  examinat ion  o f  t h e  cases and cha rges  w a s  made and 

r e p o r t e d  on a p r e l i m i n a r y  b a s i s  t o  BXA and MSC. A BXA r e p r e s e n t a t i v e  

was s e n t  t o  NOL t o  w i t n e s s  t h e  p o i n t s  of  i n t e r e s t .  The r e s u l t s  of 

the exarri!Lnation were as follows and should be cons ide red  as 

"c3.ot;ing--out- '' the acLi.on i t e m  : 
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8 e 3 Charge Case Examination: 

( a )  Charge EP1;  C/N-8: 

A h a i r l i n e  ex te r io r  crack i n  t h e  p a i n t  was observed  on t h e  

s i d e  o f  t h e  HE c o n t a i n e r ,  The c rack  was s h a r p  and w e l l  

d e f i n e d .  The e l e c t r o p l a t i n g  n e a r  t h e  c rack  w a s  c a r e f u l l y  

removed r e v e a l i n g  stress l i n e s  i n  t h e  f i b e r g l a s  c a s e .  It 

was i m p o s s i b l e  t o  s t a t e  whether  t h e  E i b e r g l a s  hous ing  

i t s e l f  w a s  c r acked .  The HE case showed no a d d i t i o n a l  d e f e c t s .  

(b) Charge EP1; C/N-16: 

No anomalies  o r  d e f e c t s  were no ted .  

(c) Charge EP2;  C/N-2:  

N o  s u r f a c e  c r a c k s  w e r e  no ted .  However, some b l i s t e r i n g  o f  

t h e  the rma l  p a i n t  occu r red .  

(d) Charge EE3;  C/N-9: 

Small  c h i p s  o f  t he rma l  p a i n t  w e r e  m i s s i n g  from t h e  bot tom 

of t h e  KE housing.  N o  f l a k i n g  w a s  observed  n e a r  t h e s e  c h i p s  

o r  anywhere else.  

(e) Charges ISP4; C/N-4 and C/N-B4: 
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Some smear of adhes ive  (or cornparable m a t e r i a l )  was n o t e d  

around t h e  upper  edge o f  t h e  HE case. I n  bo th  cha rges  it 

had c o l l e c t e d  around t h e  screw p i c t u r e d .  This  m a t e r i a l  h a s  

e i t h e r  r e a c t e d  wi th  the t he rma l  p a i n t  or /and caused  it t o  

flake o f f  t h e  e l e c t r o p l a t i n g  a t  t h e  upper  edge of t h e  c a s e .  

N o  f l a k i n g  was observed on any of t.he f o u r  p a i n t e d  s i d e s  of 

t h e  c a s e .  

(f) Charge EP5;  C/N-5: 

The same material, as i n  (e) above,  w a s  n o t e d  n e a r  the t o p  

of  t h e  HE hous ing  (approximate s i z e  2 1" x 1 / 2 " )  Th i s  

m a t e r i a l  'icas also noted a t  about 1-1/2" from the bottoin o f  

case (area 1 / 2 "  x 1/2"). A 1 1  thermal. p a i n t  was  i n t a c t  

with sub- su r faces  

(9)  Charge EPG; C/N-12:  

N o  anomalies  w e r e  no ted .  

(1.1) Charge EP7; C/N-11:  

One area w a s  v o i d  of the rma l  p a i n t ,  expos ing  t h e  e l e c t r o -  

p l a t e d  m a t e r i a l ,  I n  a d d i t i o n ,  a c r a c k  i n  t h e  f i b e r g l a s s  

w a s  a lso no ted .  This  c rack  anpea r s  t o  have e roded .  Th i s  

crack i s  i n  t h e  sarnc l o c a t i o n  as the crack observed. on 

Charge E P I ;  C/N--8,  I n  both these c h a r g e s ,  t h e  o r i g i n a l  
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p l i i l l i p s  hcad screw w i t s  rcplclccd by a set screw t o  f a c i l i t a t e  

assembly of  t h e  cha rge  t o  t h e  t r a n s p o r t  frame. Both c h a r g e s  

(and c r a c k s )  w e r e  l o c a t e d  on t h e  l e f t  hand s i d e  of t h e  

t r a n s p o r t  frame. 

(i) Charge EP8;  C/N-7: 

Some b l i s t e r i n g  of  t h e  p a i n t  was obse rved  about l / 2 "  

from t h e  t o p  of t h e  c a s e ,  (Reac t ion  s i m i l a r  t o  t h a t  

n o t e d  on Charges E P 4 ;  C/N-6 and C/N-lG.) 

( j )  Charge EP8; C/N-15:  

N o  anomalies  were no ted .  

8 . 4  The t o p  s u r f a c e s  o f  t w o  6 - l b  cha rges  w e r e  examined f o r  

s i z e  and t y p e  of c r a c k s  which resulted from t h e  thermal  c y c l i n g  

t es t s .  I n  g e n e r a l ,  s e v e r a l  h a i r l i n e  c r a c k s  w e r e  observed  on each 

cha rge ,  and one had a wid th  o f  approximate ly  0 . 0 0 5  i n c h e s .  

8 .5  Cons ide rab le  e f f o r t  went i n t o  t h e  f a b r i c a t i o n  o f  t h e  exp lo -  

s i v e  cha rges  a t  t h e  Naval Ordnance Labora tory  and i n c l u d e d  s t u d i e s  

t o  de te rmine  bhe compressive s t r e n g t h  and t h e  the rma l  p r o p e r t i e s  

o f  t h e  IINS/Teflon 30 and t h e  HNS/Teflon 7 C ,  The c r a c k i n g  phenom- 

eiionG i n  e x p l o s i v e  cha rges  bo th  c a s t j n q s  and p r e s s e d  cha rges  w a s  

r i o t  r;ew but. has 11,ccn o n l y  mini.iita.1ZI.y c ~ v e r c d  i n  p u b l i c a t l o i i s  One 

p u b l i c a t i o n  p o i n t e d  o u t  t h a t  t h e  l e n g t h  and wid th  o f  tlic c r a c k s  and 
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t h e  weight o f  t h e  e x p l o s i v e  e f f e c t e d  t h e  fo rma t ion  of a h igh  p r e s s u r e  

j e t  i n  an e x p l o s i o n .  However, t h e r e  was no i n d i c a t i o n  of t h e  exp lo -  

s i o n  n o t  p ropaga t ing  a c r o s s  t h e  crack a s  r e q u i r e d  h e r e .  D e l e t e r i o u s  

effects would depend on t h e  performance r e q u i r e d  of  t h e  e x p l o s i v e ,  

i . e . ,  whether  it i s  a s imple  e x p l o s i o n ,  a wave shap ing  expl .os ion ,  or 

perhaps  an e x p l o s i o n  t o  cause  the fo rma t ion  o f  meta l  j e t s  f o r  pene- 

t r a t i n g  or  c u t t i n g  me ta l  t a r g e t s ,  I n  view of t h i s  it was dec ided  

t h a t  f o r  an e x p l o s i v e  used t o  produce s i m u l a t i o n  of a seismic shock 

wave, any j e t t i n g  or  i r r e g u l a r i t i e s  i n  t h e  induced  wave would n o t  

d e t r a c t  from t h e  e x p l o s i v e ' s  e f f e c t i v e n e s s .  There appeared  t o  b e  no 

s a f e t y  groblem associated w i t h  t h e  envi ronmenta l  d e s i g n  l i m i t  p r o f i l e s  

B y  t h e  same r e a s o n i n g ,  t h e r e  c e r t a i n l y  would be no s a f e t y  problem 

a s s o c i a t e d  w i t h  t h e  space  mis s ion  f r o m  ear th  t o  the moon and 

throughout  t h e  l u n a r  deployment. 

8 .6  On t h e  q u e s t i o n  o f  r e l i a b i l i t y  of t h e  e x p l o s i v e  t r a i n  

f u n c t i o n i n g ,  one  charge  of each  e x p l o s i v e  weight  ( i n c l u d i n g  1/8- 

and 1/4- lb  uncracked c h a r g e s )  w a s  t e s t e d  b e f o r e  a s t r e a k  camera t o  

de te rmine  i f  t h e  d e t o n a t i o n  wave was degraded o r  thought  t o  be 

u n r e l i a b l e  because  of t h e  c r a c k i n g  o r  exposure  t o  v a r i o u s  e n v i r o n -  

ments. There w a s  no i n d i c a t i o n ,  from t h e  r e s u l t s ,  o f  any Eading 

o r  decay i n  t h e  shock v e l o c i t y  a s s o c i a t e d  w i t h  any o f  t h e  c h a r g e s  

which had been s u b j e c t e d  t o  envi ronmenta l  t e s t i n g .  A r e d u c t i o n  of  

t h e  d a t a  i n d i c a t e d  a d e t o n a t i o n  v e l o c i t y  of  6 9 0 0  m/sec which is 

comparzble t o  t h a t  o b t a i n e d  from t h e  u n i t s  which were n o t  s u b j e c t e d  t o  

t h e  t e s t i n g .  The camera s t u d y  was c o n c l u s i v e ,  b u t  i n  t h e  f ina l .  
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a n a l y s i s  f ’ i t ~ l d  t e s t i n g  o f  t h e s e  u n i t s  w i t h  a complete  e l e c t r o n i c s  and 

safe-arm d e v i c e  was r e q u i r e d .  

8 . 7  The complete u n i t  w a s  assembled i n  t h e  f i e l d  and t e s t e d .  

The e x p l o s i v e  packages w e r e  deployed and t e s t e d  a c c o r d i n g  t o  a tes t  

plan which s i m u l a t e d  expec ted  d i s t a n c e s  of t r a v e l  on t h e  l u n a r  

s u r f a c e  and expe r imen ta l  pa rame te r s  f o r  t h e  LSPE (Lunar S e i s m i c  

P r o f i l i n g  Exper iment ) .  

8 . 8  F i v e  p r o t o t y p e  e x p l o s i v e  cha rges  p r e v i o u s l y  t h e r m a l l y  c y c l e d  

i n  envi ronmenta l  t e s t i n g  were t e s t e d  f o r  d e t o n a t i o n  v e l o c i t y  u s i n g  

t h e  s t r e a k  camera. The f o u r  l a r g e s t  o f  t h e s e  e x p l o s i v e  c h a r g e s  

(3,1 1/2 ,  and 1/4-.Zb s i z e s )  were c racked  by t h e  thermal. cyc l i r ,g  

The d e t o n a t i o n  v e l o c i t y  was o f  i n t e r e s t  as an i n d e x  t o  p r o p e r  

f u n c t i o n i n g .  A summary o f  t h e  r e s u l t i n g  data i s  shown i n  Table 5 ,  

and t h e  s t r e a k  camera t e s t  arrangement  i n  F i g u r e  4 .  

8 . 9  The d e t o n a t i o n  v e l o c i t i e s  o b t a i n e d  ( i n  f o u r  o f  f i v e  t r i a l s )  

ranged from 6 , 6 2 0  t o  7 , 0 2 0  meters /second.  These v e l o c i t y  v a l u e s  w e r e  

cons ide red  t o  be i n  f a i r  agreement w i t h  t h e  p r e v i o u s l y  o b t a i n e d  v a l u e s  

of approximate ly  6 , 9 9 0  meters /second.  The s t r e a k  camera t race f o r  t h e  

1 /8- lb  charge  w a s  l o s t ,  b u t  t h e  cha rge  d i d  i n i t i a t e ,  and i n d i c a t i o n s  

were t h a t  i t  d i d  d e t o n a t e .  
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9. o FTCLD WSTTNC. OF mnrrorrwI;: II.UWJARE (NASA WSTF) - --- __ -_I_Il_l_--x(--- 

9 -1 STANDARD CHARGE TEST. The Naval Ordnance Labora to ry ,  as a 

p a r t  o f  t h e  MSC S ta t emen t  cf \qorJc, was asked  t o  s u p p o r t  t h e  f i r s t  

tes t  s h o t  bo th  w i t h  materials and p e r s o n n e l .  Th i s  s h o t  c o n s i s t e d  o f  

deploying  a 1 - lb  TNT block a t  a d i s t a n c e  of about  1 0  meters South of 

t e s t  s i t e  #l ( re fer  t o  F i g u r e  6 )  between s i t e  #l and geophone #4. 

The e x p l o s i v e  charge  w a s  p l a c e d  on f i r m  ground w i t h  sandbags be tween  

t h e  charge  and t h e  LSP T e s t  b u i l d i n g .  The t e s t  sequence fo l lowed t h e  

s t a n d a r d  charge  d e t o n a t i o n  countdown p rocedures .  The cha rge  w a s  

depl-oyed and d e t o n a t e d  acco rd ing  t o  t h e  NOL Y.2 t e s t  p rocedure  and 

the BXA F i e l d  T e s t  S a f e t y  P lan .  

9.2 kSS33BLY O F  PRO'I3TYPE HARDTdARE. Fo l lowing  the E & S/A ______l...______-l_l..--- 

f u n c t i o n a l  p rocedures  performed by BXA, the NOL t e a x  removed t h e  

i n e r t  e x p l o s i v e  package and assembled a 1/8$ e x p l o s i v e  charge  t o  the  

E b; S / A  which i n c o r p o r a t e d  t h e  an tenna .  A 1 1  expf-osive assemblies 

took p l a c e  i n  t h e  EP assembly t r a i l e r  shown i n  F i g u r e  6 ,  

9 . 3  A f t e r  t h e  e x p l o s i v e  package (F igu re  7 )  w a s  assembled acco rd ing  

t o  t h e  WO/OP sheets, t h e  envi ronmenta l  cove r  w i t h  h e a t e r s  i n s t a l l e d  

was assembled t o  t h e  EP.  The f l a s h  b u l b  EDC moni tor  w a s  i n s t a l l e d  as 

t h e  l a s t  item p r i o r  t o  s t o r a g e  in a f u z e  can. T h e  f u z e  can  and 

e x p l o s i v e  charge  w e r e  s t o r e d  a t  60°F i n  t h e  t r a i l e r  u n t i l  f i n a l  

deployment,  Bendix Q u a l i t y  C o n t r o l  wi . tnessed a11 o p e r a t i o n s ,  

9 . 4  The charge  was dep1oyc.d a t  test s i t e  $ 1 3  accord ing  t o  t h e  

LSP countdown p rocedures .  A plywood b a r r i c a d e  was i n s t a l l e d  prior 
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t o  dcployncnt  t o  keep an imals  away from t h e  e x p l o s i v e  packages.  The 

timers " t imed-out"  and t h e  e x p l o s i v e  package S N  1 2  d e t o n a t e d  a s  

i n t e n d e d  about  92  hour s  a f t e r  i t s  deployment.  

9 .5  All e x p l o s i v e  packages w e r e  f a b r i c a t e d  i n  t h e  same way as 

S N  1 2 ,  Deployment o f  each  package w a s  made such t h a t  a l l  d e t o n a t i o n s  

woiild t a k e  p l a c e  between 1 2 : O O  midnight  and 7:OO A.N. The S N  1 5  

(1/8#) e x p l o s i v e  charge  was p l a c e d  under  a BXA f r agmen ta t ion  dome, 

des igned  t o  col lect  t h e  f ragments  f r o m  t h e  e x p l c d i n g  package,  

C o l l e c t e d  f ragments  c o u l d  t h e n  be. ana lyzed  a t  a l a t e r  date.  The dome 

s h o t  took p l a c e  on t e s t  s i t e  X 1 .  The 1/4# s h o t  w a s  deployed 

500  meters from geophone #4 a t  t es t  s i t e  # 3 .  The 6 #  c h a r g e  w a s  

d.eployed 3 , 5  i<M from t h e  # 4  geophone. A l l  s h o t s  t imed o u t  as 

expec ted  between 0100  and 0500 .  

9 . 6  A s  a p a r t  o f  t h e  NOL s u p p o r t  t o  t h e  f i e l d  t es t s ,  t h e  E & S/A's 

w e r e  removed from t h e  i n e r t  hous ings  a f t e r  t h e  f u n c t i o n a l  procedures  

w e r e  performed,  The e x p l o s i v e  cha rges  w e r e  a t t a c h e d  t o  t h e  E & S/A's; 

t h e  envi ronmenta l  cove r s  w e r e  p l a c e d  o v e r  t h e  u n i t s  and s t o r e d  a t  

room t empera tu re  i n  t h e  p y r o t r a i l e r .  The cha rges  w e r e  deployed  on 

March 2 3 ,  1 9 7 2  so t h e  t ime-out  p e r i o d s  would be completed by March 27 

a t  0 2 0 0 ,  0300 ,  0 4 0 0 ,  and 0500  hour s ;  t h e  b e s t  times f o r  low RF and 

seismic n o i s e  l e v e l s  in t h e  d e s i g n a t e d  test; area. 

One of  t h e  tes ts ,  SN7, was t h e  1 /4- lb  s h o t  under  t h e  BXA s u p p l i e d  

dome. T h e  explosive package was placed under  t h e  dome w i t h  p r o p e r  

o r i e n t a t i o n  t o  co l lec t  fragment  d a t a .  T h i s  s h o t  f a i l e d  t o  d e t o n a t e .  
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3.7 ' T h e  BXA/MSC/NOL back-out  locjic, F i g u r e  8 ,  f o r  t h e  WSTF w a s  

used.  The t r a n s m i t t e r  was t u r n e d  o f f  3 hour s  a f t e r  t h e  package d i d  

n o t  f i re .  Because of d a r k n e s s ,  t h e  n e x t  s t e p  i n  t h e  back-out l o g i c  

w a s  de l ayed  f o r  3 more hour s .  The NOL/WSTF/BXA t e a m  de te rmined  t h a t  

t h e  s l i d e  mechanism had moved i n t o  t h e  resafe p o s i t i o n  and the f l a s h  

b u l b  had not f i r e d .  The team l e f t  the field and f o l l o w i n g  a 

confe rence  w i t h  t h e  t es t  d i r e c t o r ,  wro te  the  necessa ry  T P ' s  t o  c o v e r  

t h e  removal of t h e  dome from the  package. T h e  dome was removed. 

NOL d isassembled  t h e  charge  and p l a c e d  t h e  E & S/A and t h e  HE charge  

i n  s e p a r a t e  boxes for removal from t h e  t e s t  s i te .  Both u n i t s  w e r e  

r e t u r n e d  t o  t h e  p y r o t r a i l e r  for d i s p o s i t i o n  by MSC/BXA. 

9 .8  The same t y p e  of problem o c c u r r e d  w i t h  t h e  6-113 charge, SN10. 

The same back-out l o g i c  w a s  used  f o r  that cha rge ,  %ne package was 

disassembled  and r e t u r n e d  t o  t h e  p y r o t r a i l e r  f o r  d i s p o s i t i o n  by 

BXA/P/rSC. T h e  t i m e r s  which f a i l e d  w e r e  r e t u r n e d  t o  BXA. A complete  

t i m e r  redesign w a s  made b e f o r e  t h e  remain ing  p r o t o  tests w e r e  

completed. 

The 1/4-lb and l - l b  packages d e t o n a t e d  w i t h i n  the e.xpected t i m e  

frame 

9 .9  Fol lowing a complete  r e d e s i g n  o f  t h e  Bulova t imers,  new 

p r o t o t y p e  packages w e r e  assembled and s e n t  t o  t h e  f i e l d .  Two o f  t h e  

e x p l o s i v e  packages SN7 and S N L O  were r e b u i l t  and s e n t  back t o  t h e  

f i e l d  a long w i t h  SN3, Within t h i s  time frame BXA was requested t o  

in s t rumen t  two f i b e r g l a s / s t y r o f o a m  domes t o  make a d e t e r m i n a t i o n  of 
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t h e  f ragment  v c l o c i  t i c s  of t h e  package and i t s  a s s o c i a t e d  hardware.  

The SN7 and SrjS packages 1./4-1b and 1/8-lb expl-osive c h a r g e s ,  were 

s u c c e s s f u l l y  t e s t e d  as dome s h o t s .  The l a s t  p r o t o t y p e  e x p l o s i v e  

charye  tes ted was t h e  SN10, 6 - l b  u n i t .  

1 0 . 0  F I E L D  TESTING OF QUAL HARDWARE (NASA, WSTF) 

1 0 . 1  ‘The field t e s t i n g  of t h e  q u a l  cha rges  was accomplished b y  

deploying  f o u r  cha rges  i n  a s i n g l e  group and a l lowing  each t o  time 

o u t  and d e t o n a t e .  A second s e t  of f o u r  cha rges  fo l lowed t h e  same 

sequence; a l l  w i t h  s u c c e s s f u l  d e t o n a t i o n s .  

1 3 . .  0 ASSEMBLY O F  F L I G H T  HARDWARE AT KENNEDY SPACEFLIGHT CENTER 

11 a I. WOL assembled the f l i g h t  hardware a t  Kennedqr S p a c e f l i q h t  

C e n t e r  as a p a r t  of t h e  Eield s u p p o r t  t o  t h e  LSPE t a s k .  The assembly 

was made p e r  TCP 2 3 6 8 9 3 8  w r i t t e n  by BXA and observed  by BXA and NASA 

q u a l i t y  c o n t r o l  p e r s o n n e l ,  E igh t  e x p l o s i v e  packages w e r e  assembled 

and checked o u t  by NOL. F i n a l  touch-up of p a i n t  e tc .  and assembly 

t o  t r a n s p o r t  frames w a s  accomplished by BXA. The  t r a n s p o r t  modules 

were p laced  aboard t h e  APULLO 17 S p a c e c r a f t  on November 2 8 ,  1 9 7 2 ,  t o  

be t r a n s p o r t e d  t o  t h e  l u n a r  s u r f a c e  a f t e r  December 6 ,  1 9 7 2 .  

1.2.0 DETEFWINATION O F  FRAGMENT VELOCITY O F  CASE OF EXPLOSI’LTE CHARGE 

1 2 . 1  At t h e  r e q u e s t  of NASA/XSC, NOL exploded a one-pound 

e x p l o s i v e  package b e f o r e  a Jacobs  framing camera and de termined  t h e  

fragment v e l o c i t y  of t h e  c a s e  c o n f i n i n g  the cha rge ,  T h e  f i l m s  were 

road on 6 Varay.~ard c n l a r g e r  and t h e  d a t a  reduced t o  g i v e  i n i t i a l  

velocities of the f i b e r g l a s  case i n  three d i r e c t i o n s .  The i n i t i a l  
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v e l o c i t y  toward the an tenna  was 1 0 , 4 0 0  f t . /sec.;  away f r o m  the 

antenna ,  5200  f t , / sec . ;  and  downward ( toward t h e  l u n a r  s u r f a c e )  

1 1 , 1 5 0  f t . / s e c .  Product  g a s e s  obscu red  any r e c o r d  o f  motion of  t h e  

mechanical and e l e c t r o n i c  p o r t i o n s  of  t h e  package. Th i s  i n f o r m a t i o n  

was p r e s e n t e d  t o  MSC as an i n p u t  t o  the .  LSPE e x p l o s i v e  package 

haza rd  a n a l y s i s .  

13,O CONCLUSIONS 

13 .1  I n  a s s e s s i n g  t h e  overa l l  q u e s t i o n  of 

was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  therma 

cracked  c h a r g e s ,  there  

p r o p e r t i e s  of L e  

HNS/Teflon 30 and HNS/Teflon 7 C .  However, t h e r e  w a s  an improvement 

i n  t h e  coinpressive s t r e n g t h  o f  t h e  TEFLON 7 C  t e s t  specimen. I t  

should  a l s o  b e  p o i n t e d  o u t  t h a t  some improvement i n  compressive 

s t r e n g t h s  w a s  accomplished w i t h  b o t h  b l e n d s  of explosive/TEFLON by 

s u b m i t t i n g  t h e  specimens t o  a thermal  c y c l e ,  af ter  f a b r i c a t i o n .  

There was some i r r e v e r s i b l e  growth expe r i enced  d u r i n g  the  i n i t i a l  

c y c l e .  There appea r s  a t  t h i s  t i m e  t o  b e  no obvious  way t o  improve 

on t h e  s t r e n g t h  o f  an e x p l o s i v e  charge  f a b r i c a t e d  from HNS/Teflon 7C. 

From t h e  b a s i c  knowledge and e x p e r i e n c e  w i t h  e x p l o s i v e s ,  s c i e n t i s t s  

f i n d  t h a t  n e a r l y  a l l  l a r g e  e x p l o s i v e  cha rges  c rack  a f t e r  f a b r i c a t i o n ,  

e i t he r  s imply from t h e  ag ing  o f  t h e  e x p l o s i v e  o r  by some mechanism 

of thermal  shock. There has  been l i t t l e  knowledge conveyed i n  t h i s  

a r e a ,  b u t  t h e  concensus w a s  t h a t  cracks i n  e x p l o s i v e  cha rges  do n o t  

a f f e c t  e i t h e r  t h e i r  s a f e t y  i n  h a n d l i n g  o r  t he i r  r e l i a b i l i t y  o f  

f u n c t i o n i n g .  
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1 3 . 2  The d e t o n a t i o n  v e l o c i t y  measurements w i t h  t h e  s t r e a k  camera 

i n d i c a t e d  a s t a b l e  d e t o n a t i o n  i n  t h e  HNS/TEFLON 7C e x p l o s i v e  

charges  e The c r a c k s  i n  t h e  l a r g e  e x p l o s i v e  cha rges  f o l l o w i n g  the rma l  

c y c l i n g  d i d  n o t  a f f e c t  t h e i r  performance.  

1 3  3 T h e  r e s u l t s  o f  t h e  compressive s t r e n g t l l  t es t s  showed t h e  

TEFLON 7 C  t o  be a b e t t e r  b i n d e r  t h a n  t h e  TEFLON 3 0 .  From a materials 

h a n d l i n g  v i ewpo in t ,  t h e  TEFLON 7 C  was b e t t e r  because  a d r y  b l e n d  

cou ld  be p repa red  and d i d  n o t  r e q u i r e  t he  volumes of w a t e r  f o r  

washing a s  w a s  a s s o c i a t e d  w i t h  t h e  TEFLON 30. 

13,4 It was de termined  from t h e  t e s t  r e s u l t s  o f  t he rma l  c y c l i n g ,  

a c c e p t m c e  v j . b r a t i o n ,  d e s i g n  l i m i t  v i b r a t i o n ,  and d e s i g n  shock7 t h a t  

t h e  c racked  e x p l o s i v e  cha rges  f a b r i c a t e d  from -the HNS/TEFLON b l e n d  

w e r e  sa fe  t o  handle .  

13.5 The f i e l d  tests and s t r e a k  camera tests i n d i c a t e d  t h e s e  

cha rges  would per form s a t i s f a c t o r i l y  a f t e r  b e i n g  s u b m i t t e d  t o  t h e  

environments  expec ted  f u r i n g  t h e  l u n a r  mis s ion .  
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TABLE 5 

DETONATION VELOCITY TEST RESULTS - OF THE HE EXPLOSIVE CHARGES 
__-I__ 

Charge Charge Bendix Charge S teady  
S l z e  Number EP Radius  D e t o n a t i o n  

Number V e  I.ocit-y 
( l b )  * ( i n  dies ) (mmlp sec) 

118 1 EP-3 0.680 
114 10 EP-2 0.860 
112 3 EP-7 1 , 0 8 5  
1 4 EP-6 1.365 
3 13 EP-5 1.975 

7k 9; 

7.02 
6.62 
6.67 
6.77 

,kOf t h e  5 c h a r g e s  t e s t e d ,  a l l  e x c e p t  t h e  1 /8- lb  c h a r g e  had 

“9CCharge i n i t i a t e d ,  sinear camera trace l o s t .  
c r a c k s .  
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