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ABSTRACT 

I n  general ,  the  frequency of r eac t ions  f o r  s e n s i t i v i t y  test  data  
of the "go-no-go" type inc reases  monotonically wi th  increas ing  l e v e l s  
of s t imulus.  However, occasional  ins tances  of nonmonotonic behavior 
have been noted. 

One such ins tance  has been inves t iga ted  by car ry ing  out  a 
s u f f i c i e n t  number of r e p l i c a t e  t e s t s  t o  permit a s t a t i s t i c a l  a n a l y s i s  
of the da ta .  
of s t imulus l e v e l s  the frequency of response decreased s i g n i f i c a n t l y  
with increas ing  stimulus l e v e l s .  The s ign i f i cance  of t h i s  f ind ing  to  
s e n s i t i v i t y  t e s t i n g  i n  general  i s  discussed. 

The r e s u l t s  indicated t h a t  over a considerable  range 
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TECHNICAL MEMORANDUM X-53194 

NONMONOTONICITY IN SENSITIVITY TEST DATA 

SUMMARY 
-- 

I n  genera l ,  the  frequency of r e a c t i o n s  f o r  s e n s i t i v i t y  test  da ta  
of the "go-no-go" type increases  monotonically wi th  increas ing  l e v e l s  
of s t imulus.  However, occasional i n s t ances  of nonmonotonic behavior 
have been noted. 

One such ins tance  has been inves t iga ted  by car ry ing  ou t  a 
s u f f i c i e n t  number of r e p l i c a t e  t e s t s  t o  permit a s t a t i s t i c a l  a n a l y s i s  
of the da ta .  
of st imulus l e v e l s  the  frequency of response decreased s i g n i f i c a n t l y  
wi th  increas ing  stimulus l e v e l s .  The s ign i f i cance  of t h i s  f ind ing  t o  
s e n s i t i v i t y  t e s t i n g  i n  general  i s  discussed.  

The r e s u l t s  indicated t h a t  over a considerable  range 

INTRODUCTION 

For s e n s i t i v i t y  data of the "go-no-go" type,  the  frequency of 
r e a c t i o n s  i s  expected to  increase monotonically with increas ing  l e v e l  
of st imulus.  Conversely,the frequency of r e a c t i o n s  i s  never expected 
t o  increase  with decreasing leve l  of s t imulus.  F a i l u r e  of any given 
s e t  of data  t o  conform t o  expected behavior usua l ly  i s  a t t r i b u t e d  t o  
experimental e r r o r .  

During a recent  i nves t iga t ion  of f a c t o r s  which inf luence the 
r e l i a b i l i t y  of s e n s i t i v i t y  test da ta  (Ref. l), severa l  i n s t ances  of 
apparent  nonmonotonicity were noted f o r  impact test  r e s u l t s .  
Although the s t a t i s t i c a l  s ign i f icance  of these r e s u l t s  was no t  
e s t ab l i shed ,  i t  w a s  pointed o u t  t h a t  the  mechanism of i n i t i a t i o n  i s  
complex and t h a t  the na ture  of the t e s t  method does no t  r igorous ly  
preclude the occurrence of nonmonotonicity a s  i s  f requent ly  assumed. 



DISCUSSION 

To obtain add i t iona l  information on t h i s  problem, a d e t a i l e d  
survey of t h e  r e s u l t s  of more than 20,000 LOX impact t e s t s  was made. 
While many s e t s  of data  gave evidence of depar t ing  from expected 
behavior,  i n  no ins tance  was the  depar ture  s u f f i c i e n t l y  marked t o  be 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  an acceptab le  confidence l e v e l .  
the  combined evidence from numerous inc iden t s  was d i f f i c u l t  t o  t r e a t  
mathematically because any given stimulus/response p a t t e r n  l o g i c a l l y  
should b e  c h a r a c t e r i s t i c  of the p a r t i c u l a r  mater ia l  t e s t e d  and, 
t he re fo re ,  can ne i the r  confirm nor r e f u t e  the p a t t e r n  f o r  any o ther  
ma te r i a l .  

Moreover, 

A s  a d i r e c t  approach t o  the problem, rou t ine  LOX impact t e s t  r e -  
s u l t s  were screened u n t i l  a marked ins tance  of apparent  nonmonotonicity 
was noted. Tests on t h i s  mater ia l  were repeated u n t i l  a s t a t i s t i c a l l y  
s i g n i f i c a n t  r e s u l t  was obtained.  

The material  se lec ted  f o r  t e s t i n g  was a composite i n s u l a t i o n  con- 
s i s t i n g  of a Mylar-aluminum-Mylar laminate (2 m i l s  th ick)  t h a t  was 
adhesively bonded to  a polyes te r  foam. Figure 1 shows the d e t a i l s  of 
the t e s t  specimens. The tes t  apparatus  and experimental procedure have 
been described previously (Ref. 2 ) ,  B r i e f ly ,  a t e s t  consis ted of 
dropping a plummet of known weight (9.04 Kg) from he ights  up to  1.1 
meters onto a plunger r e s t i n g  on the t e s t  specimen i n  the bottom of an 
aluminum cup. The remainder of the sample cup was f i l l e d  with l i q u i d  
oxygen. Occurrence of a f l a s h  o r  audib le  r e p o r t  on impact was taken 
as an  ind ica t ion  of a r eac t ion .  The da ta  a r e  presented graphica l ly  i n  
FIG 2 ,  with each po in t  represent ing  r e s u l t s  f o r  100 ind iv idua l  drops.  

A t t e m p t s  t o  analyze sets of da ta  exh ib i t i ng  apparent  nonmonotonicity 
previously had been f r augh t  wi th  d i f f i c u l t i e s  i n  deciding what t y p e  of 
s t a t i s t i c a l  tes t  t o  use  and over what range of  s t imulus l e v e l s  i t  
should b e  appl ied.  For t h i s  p a r t i c u l a r  se t  of da t a ,  these d i f f i c u l t i e s  
were n o t  encountered; any of several s t a t i s t i c a l  t e s t s  appl ied  over any 
reasonable  por t ion  of the  data  ind ica ted  depar ture  from expected 
behavior a t  an  extremely high l e v e l  of confidepce.  Therefore,  i t  was 
concluded t h a t  the departure  w a s  rea l  r a t h e r  than apparent  and t h a t  i t  
must be a t t r i b u t e d  t o  some complex physical  o r  chemical phenomena 
assoc ia ted  with the i n i t i a t i o n  process .  Addit ional  t e s t s  on ind iv idua l  
cons t i t uen t s  of the i n s u l a t i o n  ind ica ted  t h a t  the  nonmonotonic behavior 
was associated with the  polyes te r  foam. Tests on seve ra l  l o t s  and 
thicknesses  of t h i s  foam gave s imilar  r e s u l t s .  Because i t  appears t h a t  
the c e l l u l a r  na ture  of t h i s  mater ia l  may be p a r t l y  respons ib le  f o r  the 
observed behavior, s t u d i e s  on o ther  foams and a l s o  s t u d i e s  i n  which ' the  
impac t  t e s t e r  i s  provided with an accelerometer and o ther  instrumentat ion 
t o  ob ta in  information on the  na ture  of the i n i t i a t i o n  process  a r e  planned 
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Most s e n s i t i v i t y  t e s t s  are complex which al lows the  p o s s i b i l i t y  of 
mul t i s t imu l i  and changing mechanisms. 
complex due t o  the  presence of three phases, i . e . ,  a s o l i d  specimen, 
l i q u i d  oxygen, and bubbles of gaseous oxygen which may undergo ad iaba t i c  
compression and, thereby, cont r ibu te  t o  the  i n i t i a t i o n  process.  For t h i s  
reason,  i t  i s  d i f f i c u l t  t o  postulate  an acceptable  mechanism t o  account 
f o r  the data  given i n  FIG 2 without add i t iona l  information. This lack 
of an  acceptable  mechanism has been l a r g e l y  respons ib le  f o r  the  
re luc tance  of previous inves t iga to r s  t o  a t t r i b u t e  departures  from 
expected behavior t o  any cause other than normal experimental v a r i a t i o n s .  
However, once the ex is tence  of nonmonotonic st imulus/response pa t t e rns  
i s  accepted, i t  i s  a simple matter t o  devise  s imulat ion schemes involving 
dual s t imu l i  and/or changing mechanisms which w i l l  s imulate  nonmonotonic 
behavior.  

The LOX impact t e s t  i s  p a r t i c u l a r l y  

Numerous such schemes involving a v a r i e t y  of chemical and physical  
processes could be devised. However, i t  may be of i n t e r e s t  t o  c i t e  an 
a c t u a l  case of nonmonotonicity i n  s e n s i t i v i t y  test  da ta  f o r  which an 
acceptable  mechanism i s  ava i l ab le .  Spec i f i ca l ly ,  the frequency of pene- 
t r a t i o n  of t a r g e t s  of any given thickness a s  a func t ion  of p r o j e c t i l e  
v e l o c i t y  would be expected t o  approximate c lose ly  the p a t t e r n  shown i n  
FIG 2 .  The accepted mechanism f o r  t h i s  process s t i p u l a t e s  t h a t  f o r  low 
v e l o c i t i e s  the p r o j e c t i l e  remains more o r  less i n t a c t  and simply punches 
a ho le  i n  the t a r g e t .  A t  higher v e l o c i t i e s ,  the  p r o j e c t i l e  tends t o  
fragment on impact and, therefore ,  i s  less e f f e c t i v e  i n  pene t ra t ing  the  
t a rge t .  A t  s t i l l  higher v e l o c i t i e s ,  the p r o j e c t i l e  i s  completely con- 
sumed, by the energy re leased  on impact, with simultaneous formation of 
a c r a t e r  considerably l a rge r  than the p r o j e c t i l e  i t s e l f .  Thus, a t  low 
v e l o c i t i e s ,  the p r o j e c t i l e  per  se i s  respons ib le  f o r  t a r g e t  pene t ra t ion ;  
whereas, a t  very high v e l o c i t i e s ,  the explosive energy re leased  a t  
impact i s  respons ib le ,  and the p r o j e c t i l e  does n o t  a c t u a l l y  t r ave r se  the  
thickness  of the  t a r g e t .  

CONCLUSIONS 

The nonmonotonic behavior of hypervelocity impact d a t a  f o r  which a 
widely accepted mechanism i s  ava i lab le  and the  ease  with which simulation 
processes can be devised t o  give any des i red  stimulus/response pa t t e rn  
c o n s t i t u t e  compelling arguments tha t  s imi l a r  pa t t e rns  cannot be precluded 
f o r  o ther  types of s e n s i t i v i t y  t e s t  da t a ,  even when no acceptable  mechanism 
i s  ev ident .  
methods. Conversely, the spa r s i ty  of previous r e p o r t s  on nonmonotonic 
behavior and the f a i l u r e  to note  other s t a t i s t i c a l l y  s i g n i f i c a n t  s e t s  of 
da ta  i n  our survey of t e s t  r e s u l t s  f o r  severa l  hundred mater ia l s  suggest 
t h a t  such occurrences a r e  extremely r a r e .  

This i s  p a r t i c u l a r l y  the case f o r  the  more complex t e s t  

These f ind ings  i n  no way c o n s t i t u t e  an indictment of s e n s i t i v i t y  
da ta  i n  general  bu t  ins tead  reemphasize the need f o r  caut ion  i n  i n t e r p r e -  
t a t i o n  of r e s u l t s  of empir ical  t e s t s ,  p a r t i c u l a r l y  when the process i s  
obviously complex. A l s o ,  i t  should be pointed ou t  t h a t  many t e s t s  which 
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were developed t o  provide rough i n d i c a t i o n s  of the r e l a t i v e  c h a r a c t e r i s t i c s  
of s imi l a r  mater ia l s  have been used f o r  app l i ca t ions  f o r  which they were 
never intended, wi th  sometimes d isappoin t ing  r e s u l t s .  
d e t r a c t s  from t h e i r  usefulness  f o r  t h e i r  intended app l i ca t ions .  

This i n  ho way 
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