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w i t h  ,/ 

D I S P E R S I O N  L I M I T S  

A B S T R A C T  

Causes of the 6iupersiu11 i n  ti.1~ ti!,;? uf f lPgi i i  n f  povder ii.ala 
fuzes are  mentioned. I t  i s  shorn t h a t  the  d i s p e r s i o n  of tho A. A. 
Fuze Mk I11 csn  be  considered t o  depend only upon the  new preesu re  
a lone  t h e  t r a j e c t o q r .  By the  a i d  o f  t h i s  r e s u l t ,  tho  d i s p e r s i o n s  
a r e  c a l c u l a t e d  as a func t ion  of e l e v e t i o n  and fuze  s e t t i n g .  

Dispersion l i m i t s  f o r  s p e c i f i c a t i o n s  are recomended. No 
recommendations a r e  made concerning c s l i b r a t i o n  requirements  f o r  t he  
fuze, s i n c e  i n s u f f i c i e n t l y  complete d a t a  concerning the tempcrature 
of t h e  fuze ,  t he  p res su re  o f  t he  atmosghero and the mean timo of  
f l i g h t  have been obta ined  from p a s t  f i r i n g s .  



A knowledge of t h e  magnitude of t h e  time d i s p e r s i o n s  
obtained wi th  powder t r a i n  time fuzes  under t h e  var ious  
cond i t ions  of use i s  needed f o r  nany purposes. This information 
i s  almost indispensable  i n  the  p repara t ion  of s p e c i f i c a t i o n s  
f o r  t h e  procurement of such f u z e s  and i n  t h e  p repara t ion  of 
f i r i n g  t a b l e s  f o r  ammunition wi th  which they a r e  used. This 
r e p o r t  i s  m r i t t e n  c h i e f l y  f o r  the  purpose of analyzing t h e  
e x i s t i n g  da ta  and applying them t o  the  prepara t ion  of 
s p e c i f i c a t i o n s .  

Information concerning the  time d i s p e r s i o n  obtained 
wi th  ponder t r a i n  fuzes ,  of a high degree of accuracy and i n  
ex tens ive  form, can be obtaimxi only i'ro~n t h e  s t c t i s t i c a l  
a n a l y s i s  of t h e  r e s u l t s  of a l a r g e  nuaber of f i r i n g s  wi th  
t h e  fuzes  i n  ques t ion  under condi t ions  of f i r i n g  rep resen t ing  
t h e  whole range of f i r i n g  condi t ions  under which the  f i r e  i s  
t o  be used. Resul t s  of such f i r i n g s  a r e  seldom, i f  ever ,  
a v a i l a b l e  i n  s u f f i c i e n t  q u c n t i t y  t o  permit r e l i a b l e  conclusions 
t o  be drawn f r o g  t h e  s t a t i s t i c a l  a n a l y s i s  of these  d a t a  elone.  
The r e l i a b i l i t y  of t h e  conclusions d r a t n  from such d a t a  can 
be cons idercblv  i m ~ r o v e d  i f  i n  t h e i r  a n a l v s i s  and i n  t h e  
i n t e r p r e t a t i o n " o f  t h e  r e s u l t s  due consideGntion i s  given t o  
t h e  e f f e c t s  of those f a c t o r s  v~hich a r e  knovm from previous 
experience t o  in f luence  t h e  t i x c  d i s p e r s i o n  and t o  the  m-  liner 

i n  which these  f a c t o r s  e x e r t  t h e i r  inf luence .  I t  seems 
appropria te , thercfore . , .Ln t h i s  s tudy f i r s t  t o  consider  b r i e f l y  
t h e s e  f a c t o r s .  

Fuzes when f i r e d  a t  zero time s e t t i n g s  g ive  a  c e r t a i n  
amount of time d i spe r s ion .  This d i s p e r s i o n  i s  probably caused 
by v a r i a t i o n s  i n  

a t h e  time requi red  f o r  the  concussion mechanism - 
t o  func t ion .  
b  the  time requi red  f o r  t h e  concussion primer t o  func t ion .  - 
c  t h e  time required t o  i g n i t e  t h e  powder i n  t h e  time t r a i n .  - 

I - d t h e  time requi red  t o  conmunicate the  flame from t h e  f i r s t  
r i n g  t o  t h e  second t r a i n .  
e t h e  time requi red  f o r  the  base charge t o  be i g n i t e d  and - 
t o  func t ion .  

This d i s p e r s i o n  i s  inheren t  i n  the  fuze  and w i l l  depend upon 
i t s  design.  I t  w i l l  be present  r e g a r d l e s s  of the  o the r  con- 
d i t i o n s  which a f f e c t  d i spe r s ion ,  such a s  l a c k  of uniformity 
i n  the  composition and loeding of the  m a t e r i a l  of t h e  time 
t r a i n ,  the  speed of r o t a t i o n  during the  f l i g h t  of the  p r o j e c t i l e ,  
atmospheric pressure ,  e t c .  I t  may be considered t o  be a 
c h a r a c t e r i s t i c  of the  fuze  and p r a c t i c a l l y  independent of t h e  
condi t ions  of use. This d i s p e r s i o n  w i l l  be c a l l e d  t h e  I f ign i t ion  
cornponentl~ of the  t o t a l  d i spe r s ion .  



I t  i s  evident  t h a t  the  remaining por t ion  of the  t o t a l  
d i s p e r s i o n  w i l l  have a magnitude of zero when t h e  fuze  i s  s e t  
f o r  zero burning t i n e .  I t  w i l l  l a t e r  become evident  t h a t  the  
magnitude of t h i s  por t ion  w i l l  i n c r e a s e  as the  time s e t t i n g  of 
the  fuze  i s  increased .  I n  o the r  Yrords i t s  magnitude w i l l  be 
some func t ion  of t h e  t h e  s e t t i n g .  I t  w i l l  t h e r e f o r e  be designat-  
ed a s  t h e  ntime s e t t i n g  component" of the  t o t a l  d i spe r s ion .  There 
a r e  s e v e r a l  csuses  which a r e  !~uYLoY~;~: t~ c o n t r i b u t e  t o  t h i s  cornpment. 

I t  i s  known t h a t  the  "time s e t t i n g  cornponentn of t h e  t o t a l  
d i s p e r s i o n  i s  a func t ion  of t h e  fol lowing q u a n t i t i e s :  

Quan t i t i e s  Affec t ing  
Time S e t t i n g  Coxponent 

Time of f l i g h t  

Heterogeneity of ma te r i a l s  
and loading condi t ions  

Spin  of the  p r o j e c t i l e  

Pressures  i n  var ious  p a r t s  of 
the  t ra jec tory-*  

Ticzs  < x - i n g  ~hich t h e  ?rn- 
j e c t i l e  l i e s  wi th in  t h e  var ious  
p a r t s  of t h e  t r a j e c t o r y 2  

Symbol 

O f  course t h e r e  may be o the r  unknown f a c t o r s  which con- 
t r i b u t e  t h e i r  share  t o  the  Ittime s e t t i n g  coxponen t~  of t h e  time 
d i spe r s ion .  

Using the  n o t a t i o n  given above, the  ' t ime s e t t i n g  corngonentt, 
T ,  may t h e r e f o r e  be expressed a s  fol lows:  

I t  i s  evident  t h a t  t h i s  must be an extremely complicated 
func t ion .  The a v a i l a b l e  d a t a  a r e  too meager t o  permit an 
a t temgt  t o  d e f i n e  t h e  func t ion  even appox imate ly .  Although 
It i s  imprac t i ca l  t o  give i t  a d e f i n i t e  f u n c t i o n a l  fo rn ,  w e  
do know something about t h e  f u n c t i o n a l  r e l a t i o n s h i p s  involved 
when a l l  of t h e  independent v a r i a b l e s  except var ious  ones a r e  .- 
kept  cons tant .  

For convenience the traJectory i a  considered to be divided up into  
n parts. 



(,. Regarding t h e  e f f e c t  of s p i n ,  we know i n  a g e n e r a l  way, 
f o r  i n s t a n c e ,  t h a t  a s  t h e  s p i n  i s  inc reased  up t o  about  
10,000 r.p.m. i t s  e f f e c t  i s  t o  reduce t h e  t ime d i s g e r s i o n  t o  
some e x t e n t .  A s  t h e  s p i n  i s  inc recsed  above about  22,000 r.9.m. 
i t s  e f f e c t  i s  i n  t h e  oppos i t e  d i r e c t i o n  producing rnerlced i n c r e a s e s  
i n  t h e  time d i s p e r s i o n s .  The l cwes t  t ime d i s p e r s i o n s  a r e  ob- 
t a i n e d  when t h e  s p i n  i s  between about  10,000 r.?.m. and about  
22,000 r.2.m. 

When t h e  a tmospher ic  p r e s s u r e  under which a pomder t r a i n  
t ime f u z e  burns i s  decreased below a c e r t a i n  l i m i t  t h e  burning 
t ime and t h e  t ime d i spers ior l  f o r  any given i i r : i t .  s e t t i ~ g  Lire 
i nc reased .  P a s t  exper ience  i n d i c a t e s  I n  a gene ra l  way t h a t  
t h i s  e f f e c t  i s  n e g l i g i b l y  smal l  s o  long a s  t h e  a tmospher ic  
p r e s s u r e  a long  t h e  t r a J e c t o r y  i s  g r e c t e r  t h a n  about  0.70 t o  
0.80 atmosphere. A s  t h e  p r e s s u r e  dec reases  below t h i s  va lue ,  
i t s  e f f e c t  on t h e  t ime d f s g e r s i m  i n c r e e s e s  g r a d u a l l y  and be- 
comes much more narked ancn i t  f a l l s  below 0.5  t o  0 .6  a t m .  

The ntirne s e t t i n g  c o ~ ~ o n e n t f l  of t h e  t o t a l  t ime d i s p e r s i o n  
which i s  ob te ined  under t h c  n o s t  f a v o r a b l e  f i r l n g  c o n d i t i o n s ,  
namely, when t h e  s p i n  i s  betvecn about  10,000 r .g.m. and about  
22,030 r.2.m. and t h e  prescurc  a l o n ~  the t r s j e c t o r y  t o  t h e  p o i n t  
of b u r s t  i s  e l n e y s  g r e a t e r  t han  about  0.* a t n . ,  can  then  be con- 
s i d e r e d  t o  be dus  t o  t h e  h e t e r o g e n e i t y  of rnz t e r i a l s  and loed ing  
c o n d i t i o n s .  

We s h a l l  s h o r t l y  proceed t o  cons ide r  t h e  d i s p e r s i o n  r e s u l t s  
ob t a ined  i n  r e c e n t  (1935 and 1936) f - l r i n g s  of- t h e  A .  A .  Time Fuze 
Mk 111. Before  doing s o ,  ho:vever, ::re mention t h e  r ea sons  why 
we a r e  i n t e r e s t e d  i n  t h e  r e s u l t s  ob ta ined  i n  t h e s e  p a r t i c u l a r  
f i r i n g s .  

When t h e  war-time s t o c k s  of meal powder f o r  l oad ing  i n t o  
t h e  t ime t r a i n s  of t ime f u z e s  had been used uo, g r e a t  d i f f i c u l t y  
was exper ienced  i n  p rocur ing  mea.1 powder s u i t a b l e  f o r  t h i s  
purpose.  A f t e r  n c o n s i d e r a b l e  emount of c x p c r i n e n t a t i o n  i t  was 
be l i eved  t h a t  t h e  powder r e p r e s e n t e d  by t h e  Arnerican Powder 
Mills' l o t s  440, 881, and Q32 v;ns t h e  most s u i t a b l e  f o r  t h e  
purpose t h a t  could be had. I t  was then  decided t o  adopt  a s  
s t a n d a r d ,  powder having t h e  c h a r a c t e r i s t i c s  cf t h e s e  powders; 
t h e  s u i t a b i l i t y  of  t h e  powders subsequent ly  s u b n i t t e d  t o  be 
determined by performance t e s t s  which would i n s u r e  as p r e c i s e l y  
as p r a c t i c a b l e  t h a t  t h e  ponders accep ted  would have burning 
c h a r a c t e r i s t i c s  i n  every  way e q u i v a l e n t  t o  t hose  of t h e  l o t s  
mentioned above. Such powders a r e  t o  be loaded i n t o  t ime r i n g s  
accord ing  t o  t h e  p r a c t i c e  that has  been developed a t  P i c a t i n n y  
Arsena l .  



: we a r e  e s ? e c i a l l y  i n t e r e s t e d  i n  t h e  r e s u l t s  ob ta ined .  For con- 
venience,  we c a l l  t h e  f u z e s  s o  loaded t h e  Standard Y4k I11 Fuze. 

I The f i r i n g s  made w i t h  t h e s e  s t anda rd  f u z e s  c o n s i s t  of t h e  
acceptance t e s t s  of l o t s  1355-11 t o  1355-25 i n c l u s i v e ,  l o t  '264,-1, 
l o t s  5296-1 t o  6 i n c l ~ ~ ~ u e ,  and tile cxg~.l'i.l:erri;~l 2 l~ ' l rLgs  C i r  :z tcd 
by 00 ,yn.812/3616 (APG 4 , 7 1 . ? 2 1 / 1 7 ~ 4 )  , 

A c o n s i d e r a b l e  number of f u z e s  were loaded w i t h  powder 
t h a t  i s  a blend of l o t s  440, 8Q1,  8!32 r e f e r r e d  t o  above and 
s e n t  t o  t h e  Proving Ground f o r  f i r i n g  t e s t s .  The f u z e s  were 
i n s e r t e d  i n t o  t h e  311 A.  A .  S h e l l  Nk I X  and f i r e d  a t  a v e l o c i t v  of 
2800 f t / s e c .  from 311 guns having a t w i s t  of r i f l i n g  of 1 i n  LO%, 
Becuuse t h e  f u z e s  mere londed wi th  t h e  s t anda rd  poxder coggos i t i on ,  

The r e s u l t s  of t h e  f i r i n g s  of t h e  Standard A .  A .  Tine Fuze 
Mk I11 a r e  g iven  i n  t a b l e  I on 2 .  16 .  This  t a b l e  g ives  f o r  . 
t h e  va r ious  f i r i n g s  t h ~  nean t l n e  of  f l i g h t ,  t h e  s t anda rd  
d e v i a t i o n ,  t h e  mean d e v i a t i o n ,  znd t h e  maximum d i s p e r s i o n  o r  
b r a c k e t .  Whilo, t h e s e  different :~easurements  of d i s p e r s i o n  a r e  
g iven  i n  Table I ,  f o r  t h e  r e%- inde r  of t h e  r e p o r t  x e  s h a l l  concern 
o u r s e l v e s  c h i e f l y  w i t h  t h e  ctsnd::rd d e v i a t i o n  s i n c e ,  as i s  pointed 
o u t  i n  APG B a l l i s t i c  Laboratory F e ~ o r t  No. 63, t h e  sfiaole 
s t anda rd  d e v i a t i o n  a f f o r d s  t h e  -9st re l ic ib lo  estirnt2te of t h e  
d i s p e r s i o n  c h a r a c t e r i s t i c s  of t h e  'popula t ion!  from which t h e  
samples a r e  taken.  

Analys i s  of Expe r iqen ta l  R e s u l t s .  

The averages  of t h e  s t a n d s r d  d e v i a t i o n s  a r e  given i n  
Table  I1 which i s  Table I V  of R ? n o r t  No, 63 e n t i t l e d  "A Study 
of t ho  S t a t i s t i c s  and Methods of Rat ing t h e  Performance of 
Time Fuzes". 

A s  was s t a t e d  on page 1, t h e  o b j e c t  of t h e  a n a l y s i s  of 
t h e s e  f i r i n g s  of t h e  s tandard  A .  A .  ?lk 111 f u z e  i s  t o  provide a 
b a s i s  f o r  s e t t i n g  d i s p e r s i o n  l i m i t s  i n  t h e  s p e c i f i c a t i o n s .  To 
permit  f i r i n g s  under a s  wide a v a r i a t i o n  of cloud c o n d i t i o n s  a s  
p o s s i b l e ,  t h e  d i s p e r s i o n  l i m i t s  should be s e t  n o t  merely f c r  a 
few combinations of f u z e  s e t t i n g s  and t i a e s  of f l i g h t  b u t  r c t h e r  
a s  a cont inuous func t i . cn  of t h e  e l e v a t i o n  f o r  a nurnbcr of f u z e  
s e t t i n g s .  With t h i s  end i n  vieTx, we seek t o  o b t a i n  t h e  d i s -  
p e r s i o n  of t h e  s t anda rd  f u z e  a s  a  f u n c t i o n  of t h e  e l e v a t i o n  a t  
v a r i o u s  cons t an t  f u z e  s e t t i n g s .  If t h e  d i s p e r s i o n ,  D ,  i s  a  
f u n c t i o n  of t h e  f u z e  s e t t i n g ,  s ,  end t h e  e l e v a t i o n ,  9, s o  t h a t  
D = f ( s , ~ )  we s h a l l  a t t empt  t o  o b t a i n  D = f ( ~ ) ,  a t  va r ious  
c o n s t a n t  3 ' s .  The va lues  of s f o r  which we o b t a i n  t h e s e  f m c t i o n s  
w i l l  be 10,  1 5  and 20 sec .  Thus, more e x a c t l y  we wish t o  o b t a i n  
t h e  fo l lowing  f u n c t i o n s :  

+ A few rounds were a l so  f i r e d  from a pun with a 1/25 twist. 



A s  Indica ted  by t h e  s u b s c r i p t s ,  t h e  func t ions  f lO, f15 and 
fZ0  a r e  I n  genera l  d i f f e r e n t  f rom each o the r .  

I n  obta in ing  t h e  func t ions ,  f ,  we at tempt  t o  s a t i s f y  two 
condi t ions :  (1) t h e  func t ions ,  f ,  must be c o n s i s t e n t  wi th  t h e  
genera l  t h e o r e t i c a l  r e s u l t s  ~ h i c h  a r e  given i n  the  preceding 
pages and (2) the  func t ions  must be c o n s i s t e n t  wi th  the  
empir ica l  r e s u l t s  which a r e  given i n  Table 11. 

Since,  i n  t h e  present  ins t ance ,  i t  nay be p laus ib ly  
assumed t h a t  t h e  s p i n  i s  cons tant  and a l s o  t h ~ t  t h e  e f f e c t  of 
t h e  he terogenei ty  of the  m a t e r i a l s  and loading condi t ions  
should be p r a c t i c a l l y  the  same f o r  a l l  e l eva t ions ,  t h e  only 
in f luence  which should s f f e c t  the  form of t h e  func t ions ,  f, i s  
t h e  varying pressure  on t h e  fuze .  

Since i t  appears t o  be i r n p ~ ~ n c t i c a l  t o  ottempt t o  consider  
t h e  var ious  pressures  i n  the  d i f f e r e n t  p s r t s  of the  t r a j e c t o r y ,  
a s  a f i r s t  s t e ?  i n  the  m z l y s i s ,  w e  proceed t o  obta.in the  d i s -  
pers ion  a s  a func t ion  of t h e  xesn s t ~ o s p h e r i c  pressure  on the  
fuze*. The mean pressure ,  p, i s  def ined by t h e  fol lowing 
equetion: 

where p i s  t h e  pressure  a t  any time, t ,  along t h e  t r a j e c t o r y .  

A s  a f i r s t  s t e ? ,  we determine 5 a s  a func t ion  of t h e  
e l e v a t i o n  f o r  t h e  10,  1 5 ,  and 20 sec.  fuze  s e t t i n g s .  By t h e  
a i d  of t h e  t r z j e c t o r i e s  of t h e  311 Rk I X  s h e l l  f o r  t h e  v e l o c i t y  
of 2500 f /s ,  p,  h z s  been computed. The r e s u l t s  a r e  s h o ~ m  i n  
Chart  1, on which p i s  p l o t t e d  a s  a func t ion  of t h e  e l e v a t i o n  
f o r  10,  15,  and 20 see .  fuze  s e t t i n g s .  

By t h e  a i d  of r e s u l t s  given i n  Chart  1 and t h e  mean s tandard 
'1 d e v i a t i o n s  given i n  Table-11, the  mean s tandard d e v i a t i o n  i s  
? . ,plot ted a s  a  f u n c t i o n  of p .  The r e s u l t s  a r e  given i n  Chart  2. 

The c i r c l e s  r ep resen t  a l l  t h e  d i s p e r s i o n  r e s u l t s  given i n  Tsble 11. 

For this ana lys i e  t o  be c o ~ p l e t e ,  we should of  couree include the 
dynamic as wel l  an the s t a t i c  pressure but i n  view of the ex tra  labor  
which t h i s  would e n t a i l ,  we neg lec t  the dynamic contribution t o  the 
pressure on the fuze. 



The c e n t e r s  of t h e  c i r c l e s  r ep resen t  the  average s tandard 
dev ia t ions  f o r  t h e  g i T ~ c n  fuze  s e t t i n g s  and e l e v a t i o n s  znd t h e  
r a d i i  of t h e  c i r c l e s  a r e  t h e  est imated probable e r r o r s  of 
t h e  average s tandard d e v i a t i o m ,  

The r a d i i  were computed as fol lolxs:  

The mean populat ion s t andard 'dev ia t ions  a s  est imated f r o n  
10  round groups f o r  var ious  fuze  s e t t i n g s  and e leva t ions  a r e  
given i n  T ~ . b l e  11. The r a t i o  of  t h e  s tandard d e v i z t i o n  of the  
est imated populat ion s tandard dev ia t ion  t o  t h e  po>ula t ion  s tand-  
a rd  d e v i a t i o n  f o r  a s i n g l e  10  round group a s  obtained from 
Table I1 of r e p o r t  03 i s  .239. T h i s  enables us t o  coapute t h e  
s tandard  deviation of' the est imated populat ion stundard 
d e v i a t i o n  based on a s i n g l e  10 round group, Let t h i s  be c a l l e d  
dd/o* Then i f  t h e  s t rndard  d c v i z t i o n  of t h e  estimated 

populat ion s tandard dev iz t ion  based on the  mean of k 10  round 
g r o u p  i s  designated bydqo i t  can be shown t h s t  

For a  normal d i s t r i b u t i o n % ,  t h e  p r c b ~ b l e  e r r o r ,  E ,  i . e ,  
an e r r o r  which i s  as  l i t r e l y  a s  no t  t o  be exceed-ed, i s  given by 

E = .675 x pop, s tand .  dev ia t ion .  

This  enables  us t o  com?ute the  ,robable ' e r r o r ,  E ,  of  the  est imated 
populat ion s tandard dev ia t ion  based on k 10  round groups by the  
r e l a t i o n :  

.6 74 @H.O € = -  
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From c h a r t  2 ,  i t  appears t h a t  on the  whole, the  c o r r e l a t i o n  
between t h e  mean s t m d a r d  dev ia t ion  and the  mean pressure  i s  ex- 
c e l l e n t .  I n  f ~ . c t ,  t h e  r e g r c s e n t s t i v e  curve drnxm through the 
p l o t t e d  po in t s  comes, with one except ion,  a s  c l o s e  t o  the  c e n t e r s  
of these  po in t s ,  on thz  average,  a s  one ~ o u l d  ex!~ect i n  view of 
t h e  probable e r r o r s  of t h e  poin ts .  The exception i s  the 3o in t  
f o r  L 5 O  e l e v a t i o n  and 1 5  second fuze  s e t t i n g ,  The cen te r  of 
t h e  c i r c l e  f o r  the  4 5 O  e l e v a t i o n  m d  15 sec.  fuze  s e t t i n g  i s  

* The distr ibut ion of  the standard deviations obtained from 10 round 
groups i s  not exactly normsl, but i s  nearly emu& so that the factor  
*675 i s  not great ly  i n  error, especial ly  when w e  den1 with the average 
o f  several groups. 



d i s t a n t  from t h e  curve by about  L probable  e r r o r s .  Such a d i s -  
crepancy would be expected t o  occur f o r  one po ln t  i n  abou t  100,  
and t h e  t o t a l  number of p o i n t s  i s  only  9. This  d i sc repancy  seems 
a  s e r i o u s  one. An a t t e m p t  w i l l  be made l a t e r  t o  e x p l a i n  i t .  

While t h e  curve on c h a r t  2 r e p r e s e n t s  a l l  bu t  one of t h e  
observed d i s p e r s i o n s  a s  c l o s e l y  a s  z i g h t  be expected,  t o  t e s t  
f u r t h e r  t h e  adequacy of t h e  assumption t h a t  f o r  t h e  f i r i n g s  of 
t h e  3" gun w i t h  a  t w i s t  of  r i f l i n g  of 1 i n  L O  and v e l o c i t y  of 
2800 f /s  t h e  mean s t anda rd  d e v i a t i o n  i s  a f u n c t i o n  of t h e  mean 
p r e s s u r e  on ly ,  t h e  observed mean s t anda rd  d e v i a t i o n s  were p l o t t e d  
a g a i n s t  t h e  mean t ime of f l i g h t  i n  c h a r t  3 .  On t h i s  c h a r t  were 
a l s o  placed cu rves  of c o n s t ~ n t  e l e v a t i o n  a s  deduced frcm c h a r t s  1 
trld 2. I i ~111 be : io l ic tc i  1:1~";'che ciarvt-; i i i i i ~ k i  ?>;-G:,: ~ f i  
c h a r t  2 r e p r e s e n t  t h e  observed p o i n t s  i n  a v e r y  s e t i s f o c t o r y  
manner w i t h  t h e  exceg t ion  of t h e  4 5 O ,  15  s e e .  p o i n t  which has  
been p rev ious ly  r e f e r r e d  t o .  I t  w i l l  a l s o  be n o t i c e d  t h a t  t h e  
forms of t h e  curves  on p l o t  3 a r e  c o n s i s t e n t  w i th  t h e  cons ide ra -  
t i o n s  g iven  i n  t h e  discussion of t h e  f a c t o r s  a f f e c t i n g  t h e  d i s -  
p e r s i o n  of t ime f u z e s  on pp 2 , 3 .  I n  t h e  c a s e  of t h e  30° f i r i n g s ,  
t h e r e  i s  a ve ry  a p x - e c i a b l e  i g n i t i o n  cnm?onent of t h e  s t anda rd  
d e v i a t i o n ,  about  .953. F u r t h e m o r e  f o r  t h e  30° f i r i n g s ,  vhere  
t h e  mean p r e s s u r e  p i s  hi&,  t h e r e  i s  very  l i t t l e  i nc reeoe  i n  
t h e  d i s p e r s i o n  a s  t h e  time of f l i g h t  i n c r e a s e s .  On t h e  o t h e r  
hand a s  t h e  e l e v a t i o n  i s  increased, t h e  r a t e  of i n c r e a s e  of d i s -  
p e r s i o n  wi th  time of  f l i g h t  Inc rczses  nore  and more r n p i c l y .  This  
i n c r e a s e  i n  t h e  r a t e  of i n c r e a s e  i n  d i s p e r s i o n  a s  t h e  time of 

l f l i g h t  i ~ l c r ~ t i s e s  i s  ~ ; o u b i ~ t : . ; ~  ciuc LO L1:e r'oriuciion i n  h i r  pressarc 
and t h e  e l e v a t i o n  i s  i nc reased ,  w i t h  a given time of f l i g h t .  

Anomalous R e s u l t s  Obtained a t  4.5O Eleva t ion  and 1 5  s e c .  
Fuze S e t t i n g .  

A s  was pointed o u t  on page 7 t h e  mean s t anda rd  d e v i a t i o n  
ob ta ined  from t h e  f i r i n g s  a t  L 5 O  and 1 5  sec .  f u z e  s e t t i n g  d i f f e r s  
s o  cons ide rab ly  from t h e  s tandard  d e v i a t i o n  given by t h e  cu rve  
a s  drawn on c h a r t  2 t h a t  i t  i s  r a t h e r  u n l i k e l y  t h a t  t h e  d i sc repancy  
i s  due t o  chance,  An examination of c h a r t  3  nakes i t  even c l e a r e r  
t h a t  t h e  r e s u l t s  ob ta ined  a t  L5O e l e m t i o n  and 15  s e c .  f u z e  s e t t i n g  
a r e  i n c o n s i s t e n t  w i t h  t h e  o t h e r  d i s p e r s i o n  r e s u l t s .  While t h e r e  
i s  of cou r se  a  p o s s i b i l i t y  t h n t  t h i s  anomalous r e s u l t  mzy be due 
t o  chance, t h e  l i k e l i h o o d  i s  s o  s n c l l  t h n t  it seems expedien t  t o  
seek  some o t h e r  e x ? l a n a t i o n  of t h e  d i s c r e p m c y .  There appear  t o  
be  two p o s s i b l e  ones: 

E i t h e r  t h e  f u z e s  which were f i r e d  a t  t h i s  e l e v a t i o n  and 
f u z e  s e t t i n g  d i f f e r  d i s t i n c t l y  i n  q u a l i t y  from t h e  r e s t  of t h e  
f u z e s  o r  e l s e  t h e  measurement of t h e  t imes of f l i g h t  of t h e s e  
f u z e s  was i n a c c u r a t e .  O f  t h e s e  two exp lana t ions ,  t h e  l a t t e r  
s e e n s  t o  be t h e  more p l a u s i b l e  one,  I n  t h e  measurement of t h e s e  



f t imes  of f l i g h t ,  t h e  f u z e  chronograph was n o t  used.  While t h e  
' p r e c i s i o n  ob ta ined  w i t h  human o p e r a t o r s  of s t o p  watches and 

e l e c t r i c  c l o c k s  has ,  on t h e  whole, been s a t i s f a c t o r y  t h e r e  i s  
a l v a y s  a  p o s s i b i l i t y  t h a t  due t o  unfavorab le  weather c o n d i t i o n s  
c o n s i d e r a b l e  i n a c c u r a c i e s  may c r e e p  i n  t o  t h e  t ime of f l i g h t  
measur m e n t s  . 

The i n d i v i d u a l  r e s u l t s  ob t a ined  by t h e  t i m e r s  f o r  a l l  
f i r i n g s  a t  L5O e l e v a t i o n  and 1 5  s e c .  f u z e  s e t t i n g  a r e  g iven  i n  
t h e  a t t a c h e d  Table  111. 

I t  i s  c l e r r  from t h e  cons iderab le  d i s ? e r s i o n s  between 
t i m e r s  and from t h e  number of rourids which a.re marked l o s t  
t h a t ,  du r ing  some of t h e s e  f i r i n g s ,  c o n d i t i o n s  must have 
been unfavorab le  f o r  a c c u r a t e  t iming.  The hypo thes i s  i s  t h e r e f o r e  
t e n t a t i v e l y  adonted t h a t  t h e  anomalous r e s u l t s  a t  L5O e l e v a t i o n  
and 1 5  s e c .  f u z e  s e t t i n g  a r e  due t o  i n a c c u r a t e  t iming.  The 
r e s u l t s  ob ta ined  a t  t h i s  e l e v a t i o n  and f u z e  s e t t i n g  w i l l  t h e r e f o r e  
be  d i s r e g a r d e d .  

Recommended D i s p e r s t m  L i ~ i t s  

A s  was s t a t e d  on p e e  1, t h e  c h i e f  o b j e c t  of t h l s  r e p o r t  i s  
t o  draw up d i s l x r s i o n  1i: : l i ts  t o  be used i n  t h e  ~ ? e c i f i c ~ i t i o n s  of 
t h e  A .  A .  Fuze ?lk 111. Innsnuch a s  t h e  A .  A .  Fuze Mk 111, loaded 
w i t h  poa2er  l o t s  8?0,  qS1,  5g2 i s  tzken  t o  be t h e  s t anda rd  f u z e ,  
i t  fo l lows  t h a t  t h e  l i n i t s  should be s e t  i n  such  a may a s  t o  i n -  
s u r e  w i t h  a s  g r e a t  a  p r e c i s i o n  a s  i s  p r a c t i c a b l e ,  t h a t  t h e  f u z e s  
accep ted  under t h e  s p e c i f i c a t i o n s  s h a l l  n o t  be i n f e r i o r  i n  q u a l i t y  
t o  t h e  standczrd f u z e .  Inasmuch a s  t h e  most i n p o r t a n t  q u ~ l i t y  of 
t h e  f u z e ,  t h e  d i s p e r s i o n ,  cannot  be a c c u r a t e l y  measured by a 
sma l l  n m b e r  of rounds,  i t  f o l l o ~ ~ : ~ ,  i n  s e t t i n g  d i s ~ e r s i o n  l i m i t s ,  
t h a t  we cannot  hope n i t h  c e r t a i n t y  t o  cause  t h e  r e j e c t i o n  of f u z e s  
i n f e r i o r  t o  t h e  s t anda rd  f u z e  because i f  t h i s  mere done, t h e r e  
would be a ve ry  c o n s i d e r a b l e  p r o b z b i l i t y  of caus ing  t h e  r e j e c t i o n  
of f u z e s  which a r e  as good a s  o r  s u n e r i o r  t o . t h e  s t ~ n d a r d  fuze .  
Thus t h e  adopted d i s p e r s i o n  l i m i t s  have t o  be a compromise. 
They should d i s c r i m i n a t e  a s  e f f e c t i v e l y  a s  p o s s i b l e  between 
good and i n f e r i o r  f u z e s  v;ithout i nvo lv ing  t h e  expendi ture  of 
t o o  l a r g e  a n m b e r  of rounds.  Before  making c o n c r e t e  recommenda- 
t i o n s  f o r  t h e  d i s p e r s i o n  l i m i t s  of t h e  Mk I11 fuz,e, we cons ide r  
t h e  limits which have been used i n  t h e  p a s t  f o r  t h e  combinat ion 
f u z e  Mod. 1907 and t h e  A .  A .  Fuze Mk 111. 

The upper l imi ts  f o r  t h e  t o t a l  d i s p e r s i o n  of t h e  powder 
t r a i n  f u z e s  a s  g iven  i n  p a s t  s p e c i f i c a t i o n s  a r e  a s  fo l lows :  



k, 

21 Sec.  Combination Fuze Model 1907 

S p e c i f i c a t i o n s  of Apr. 6 ,  1917..0.2 sec .  + 3.5$ 
11 1' kpr.12, 1913. .0.4 sec .  + 1.0% 

A .  A .  Time Fuze Mk 111 

of time s e t t i n g  
of time s e t t i n g  

S p e c i f i c a t i o n s  up t o  Apr. 26, 1930 .. 0.3 sec .  + 5 1 / ~ $  of mebn 
time of f l i g h t .  

, '. 

I t  may be seen t h a t  t h e  s p e c i f i c a t i o n s  allowed f o r  an 
i g n i t i o n  coaponent of the  d i s p e r s i o n .  I t  will be noted ,  however, 
t h a t  i n  t h e  s ~ ~ c c i f ' i c z t l o r ~  r'eq';ir~~:rienLs jhs t q u o t ~ d  tiic? .?P? I:?:; 
cond i t ions  ( s g i n  and   ti no spheric pressure)  a r e  not  s ? e c i f i e d ,  
nor a r e  allovmnces made f o r  t h e  e f f e c t s  of v a r i a t i o n s  i n  these  
cond i t ions .  

\$hen t h e s e  requiraments tverc e s t a b l i s h e d  t h e  21 Sec. 
Combination Fuze Flodel 1937 1s7a s used alrnos t exc lus ive ly  
on shrapnel  f i r e d  f'rox t h e  75 m:n Gun Mndel 1497 a g a i n s t  
t a r g e t s  on t h e  ground. Under t h e s e  cond i t ions  t h e  s p i n  i s  
about 17,500 r.9.m. and t h e  mean e f f e c t i v e  atmospheric pressure  
along t h e  t r a j e c t o r y  i s  always v c l l  zbove 0.9  a taospheres .  The 
f i r i n g  condi t ions  t h e r ~ f o r e  Tvere such t h a t  t h e  poss ib le  v a r i a t i o n s  
i n  them had l i t t l e  or  no e f f e c t  on t h e  t i ~ e  dispers- tons and 
t h e  manner 3n vhich  t h e  l i n i t s  o:-i the f l t l n e  s e t t i n g  cornponentcl 
was ex?ressecl seerns t o  b o  io , i ca l .  

The A .  A .  Time Fuze Yk I11 on t h e  o the r  hand was, a t  t h e  time 
t h e  above l imits were e s t a b l i s h e d ,  being f i r e d  from the  75 ma 
Gun Model 1g97 cn A.  A .  Truck Momt and from the  371 A .  A .  Guns. 
When f i r e d  from the  former gur  i t  :?as given a s ? i n  of about 
17,LOO r.p.m. and when f i r e d  from t h e  l a t t e r  it rece ived  a s p i n  
of about 2L,900 r.3.m. Furthermore these  guns vere  f i r e d  a t  
such e l e v a t i o n s  t h a t  t h e  mean e f f e c t i v e  otrnos?hcric pressure  
along t h e  t r a j e c t o r y  va r i ed  from more thnn 0.9 atm. t o  l e s s  
than  0.75 atm. I t  seems, t h e r e f o r e ,  t h a t  t h e  manner i n  Vhich 
l imi ts  f o r  t h e  "time s e t t i n g  componentw of t h e  t o t a l  time 
d i s p e r s i o n  of t h i s  fuze  xas ex7ressed was not  l o g i c a l .  We 
b e l i e v e  t h a t  i n  s e t t i n g  the  l i x i t s  f o r  the  time d i s p e r s i o n s  o f .  
powder t r a i n  time fuzes  which a r e  t o  be f i r e d  from guns vrhich -.- 

g i v e  them d i f f e r e n t  ~ ? i n s  and a t  high angles  of e l e v a t i ~ n  t h e  
e f f e c t  of s p i n  and t h e  v a r i a t i o n  of the  atmospheric p res su re  
along t h e  t r a j e c t o r y  should be duly  recognized. 



r -- From t h e  r e s u l t s  shown on p l o t s  2 and 3, it appears t h a t  
-. we have succeeded i n  obta in ing  8 s a t i s f a c t o r y  means of 

c a l c u l a t i n g  the  d i s p e r s i o n  of t h c  standard Mk I11 fuze  v~hen 
f i r e d  a t  2800 f / s  f r o n  a 3" gun ~ i t h  a  t w i s t  of r i f l i n g  of 
1/40, f o r  fuze  s e t t i n g s  w r y i n g  from 10 t o  20 sec .  and f o r  
t h e  e l eva t ions  f r o a  30° up t o  75O. Since these  fuzes  which 
a r e  loadcd with powder from l o t s  E80,  881, 802, a r e  considered 

z t h e  s tandard fuze  on the  b a s i s  of which the  s p e c i f i c a t i o n s  f o r  
t h e  fuzes  which a r e  t o  be  aanufactured,  a r e  t o  be w r i t t e n ,  i t  
fo l lows t h a t  the  l i m i t i n g  standard dev ia t ions  which a r e  a l loved 

r i n  the  s p e c i f i c a t i o n s  should be n c e r t a i n  r a t i o  of the  d i spe r s ions  
given i n  ? l o t s  2 and 3 .  

I n  Report >To. 63, i t  :*!as recommended t h z t  t h e r e  be t ~ o  ' 

s i z e s  of samples, a 20 round sasnple used f o r  both t e s t  and 
r e t e s t  of t h e  f i r s t  l o t  of a c o n t r a c t  and i n  r e t e s t s  of l o t s  ' 

subsequent t o  the  f i r s t  l o t ,  and a 10  round sample t o  be used ' 
f o r  t h e  f i r s t  t e s t  of l o t s  subsequent t o  the  f i r s t  l o t .  I t  
i s  recommended i n  Report Xo. 63 thn t  the  d i s p e r s i o n  l i m i t s  be 

. s e t  i n  such a m y  t h n t  i f  n l o t  of fuzes  has a q u a l i t y  q u i v n l e n t  
t o  t h a t  of t h e  s tandard ?4k I11 fuze, then t h e  chance t h e t  a  20 
round sarn7le of t h e  l o t  ~ 5 1 - 1  f c i l  t o  gzss t he  t e s t  w i l l  be 1 i n  
50 and the  l i m i t s  shoul2 b n  so  s e t  t h n t  t h e  chance of r e j e c t i o n  
f o r  a 10  round sample ~ r l l 1  b e  I i n  23. If t h i s  reconmendation 
i s  follo-;?ed, t h e  r a t i o  o f  t h e  1i:nit ing stanr3::rd d e v i a t i o n  t o  
t h e  mean s tandard d e v i a t i m  of t h e  s t a n d ~ r d  fuze  should be s e t  
a t  1 . L 1  Loi i l  i ' u r  the 10 ruud sC,:i1319 and Llle 20 rounu sample. 
( see  Report No. 63 p .  1 0 ) .  

Chart  .l+ has been dra:;n showing the  mean s tandard dev ia t ion  
of t h e  s tandard fuze  a s  a f u n c t i o n  of e l eva t ion  f o r  10,  1 5  and 
20 second f u z e  s e t t i n g s  and the  r ecoz~ended  rnnxinum permitted 
'standard dev ia t ions  f o r  the  10 and 20 round szmples. 

To put  t h e  recommended naxinuq permitted s tandard dev ia t ions  
i n  a form nore convenient f o r  use i n  t h e  s p e c i f i c a t i o n s ,  Table 
I V  has been cons t ruc ted  by t h e  a i d  of the  curve i n  Chart  L. 
Table I V  on page 23 shovrs the  recommended maximum permitted 
s tandard dev ia t ions  2s  a f u n c t i o n  of t h e  e l e v a t i o n  f o r  the  10,  
15  and 20 second f u z e  s e t t i n g s .  

No maxiaun permitted s tandard d e v i a t i o n s  much g r e a t e r  
than .2 of n sec .  a r e  given i n  t h e  t a b l e  f o r  two reasons (1) 
because it i s  bel ieved t h s t  when the  standzrd dev ia t ion  i s  
g r e a t e r  than  .2 of a sec.  t h e  e f f e c t i v e n e s s  of the  fuze  i s  very 
much reduced and (2) because , ?ur knot!rledge of t h e  s tandard 
d e v i a t i o n s  of t h e  fuzes  f o r  s tandard dev ia t ions  g r e a t e r  than . 2  
of a  second i s  r e l a t i v e l y  inaccura te .  

I t  w i l l  be noted t h a t  t h e  l l m i t i n g  standakd dev ia t ions  
a r e  given i n  Table I V  t o  thousandths of a second. This may 
be considered s u r p r i s i n g  i n  viev of the  f a c t  t h a t  i n  case  t h e  
fuzes  a r e  timed by s t o p  watches of t h e  ord inary  type the  t i n e  
of f l i g h t  cannot be measured more c l o s e l y  than t o  the  n e a r e s t  
hundredth of a  second. The thousandths of a second a r e  r e t a ined  
because, a l though the  i n d i v i d u z l  times of f l i g h t  f o r  the  fuze  
may bc expressed only t o  a  hundredth of a second, t o  e l imina te  

" - 



t h e  thousandths  p lace  i n  computing t h e  mean t ime of f l i g h t  ~iild 
t h e  s t anda rd  d e v i a t i o n  would involve  an a p p r e c i a b l e  change i n  
t h e  chance of a f u z e ' s  being r e j e c t e d .  Suppose f o r  exam?le 
t h a t  i n  t h e  naxirnun permit ted s tandard  d e v i a t i o n  f o r  3 5 O  
e l e v a t i o n  and 10 s e c .  f u z e  s e t t i n g  we round o f f  . l l 5 +  t o  .12; 
t h e n  i t  can  be shovn t h a t  t h e  chcnce of f a i l u r e  i n  a 10 round 
group m i l l  be  reduced from 1 i n  20 t o  1 i n  33 and i n  a 20 round 
group from 1 i n  50 t o  1 i n  12.5 ~ ; h i l e  t h e  chance t h a t  a f u z e  
having twice t h e  d i s p e r s i o n  of t h e  s t enda rd  fuze  w i l l  ?ass t h e  
t e s t  of a 1 0  round sample w i l l  i n c r e a s e  from 1 i n  1 0  t o  1 i n  7.5 
and t h e  chcnce t h a t  i t  w i l l  ? a s s  t h e  t e s t  of a 20 round sample 
w i l l  i n c r c s s e  from 1 i n  70 t o  1 i n  LO. 

These z r e  t h e  c o n s i d e r a t i ~ n s  by ~ ~ h i c h  t h e  r e t e n t i o n  of 
t h e  thousandths  p lace  i n  t h e  naxirnm germi t ted  s t anda rd  d e v i a t i o n  
i s  j u s t i f i e d .  

D i spe r s ion  R e s u l t s  Estimated us ing  Maximum Cispe r s ion  o r  
Bracke t  i n s t e a d  of S t ~ n d s r d  Devia t ion .  . 

I n  view of t h e  f a c t  t h c t  i n  t h e  p s t  t h e  l i m i t i n g  d i s -  
pe r s ions  have been s t a t e d  i n  tcl*:ns of rii,r:ximu?l d i s p e r s i o n ,  t o t a l  
d i s p e r s i o n ,  o r  b rzcke t ,  i t  i;.rs thought  xor thwhi le  t o  p l o t  t h e  
r e s u l t s  obtained wi th  t h e  s t ~ x k r d  f u z e  vhen t h e  d i s p e r s i o n  
e s t i m a t e s  a r e  made by m a n s  of t h e  b racke t .  This  p l o t  
c o n @ t i t u t c s  c h a r t  5 .  C h r t ;  5 s h o w  t h e  b racke t  vs. t h e  e l e v a t i o n  
f o r  va r ious  f u z e  s e t t i n g s  zs  obtained fro9 t h e  t e s t s  of t h e  
s tnndard  f u z e s .  There & r e  a l s o  some o t h e r  curves  which a r e  s o  
d r a m  t h a t  t h e  chance t h z t  t h e  b racke t  w i l l  be exceeded i n  a 1 0  
round group of t h e  s tandcrd  f u z e  i s  cne i n  20*. Thus i n  a c e r t a i n  
sense  t h e s e  curves  aay be s a i d  t o  correspond t o  t h e  l i m i t i n g  
s t anda rd  d e v i a t i o n  curves  which a r e  drkwn on p l o t  L,. Hol::evcr, 
a s  was pointed o u t  i n  Re?ort  Xo. 63, t h e  use of t h e  s t anda rd  
d e v i a t i o n  w i l l  enable  us t o  compute t h e  d i s p e r s i c n  of t h e  f u z e s  
more a c c u r a t e l y  and t h e r e f o r e  t h e  use  of t h e  s tandard  d e v i a t i o n  
i s  much t o  be p r e f e r r e d  t o  t h a t  of t h e  b racke t  when t h e  grouqs 
have a s  many rounds us  1 0  o r  more. 

men the report was f i r s t  written the f igure  was .115. m i n e  rev i s ion  
i t  was chaoged to  .116. The a l t e r a t i o n  does not  a f f e c t  the force of  
the argument . 
The po in t s  f o r  those curves 
corresponding po in t s  of the 

By mistake, the f a c t o r  4.80 
hardly appreciable.  

should have been obtained by mu1 t i p l y i n g  the 
mean standard deviat ion curves by = 11.85. 

923 
was used ih s t ead  o f  4.85. The di f f erence  i s  



P r e c i s i o n  of time of f l i g h t  measurements. 

I t  i s  of course obvious t h a t  one can not  expect the  
fuzes  t e s t e d  f o r  acceptznce t o  nieet t h e  r a t h e r  s t r i c t  proposed 
s p e c i f i c a t i m s  un less  t h e  times of f l i g h t  a r e  accura te ly  
measured. 

A t  t h e  Proving Ground during the  l a s t  few years ,  a g r e a t  
d e a l  of ut tc-nt ion n ~ c !  c a r e  h2.s been cantered upon obta in ing  
accura te  measurements xhen using e l e c t r i c  c locks and s t o p  
watches. I n  s p i t e  of t h i s  c a r e ,  however, i t  appears ,  a s  
mentioned on page 9 ,  t h a t  some of the  measurements which 
lnzi~e bccz -? t?c ,  ~f the *.l??c of f?!ghts of ?Lie :tcvl.r?nrri f1lr.c. 
have no t  been r e l i a b l e .  As long a s  g r e s t  cnre  i s  taken t o  
o b t a i n  accura te  rneasuremnts of the  t i n e  of f l i g h t ,  a s  i s  
normally done a t  t h e  Proving Ground, I t  i s  probable t h a t  
s u f f i c i e n t  ? r e c i s i o n  f o r  rnezsuring the  d i spe r s ion  of t i x e  fuzes  
w i l l  be obtainer! even i f  the  ,?eosurel=.,ents a r e  made i n  the  day- 
t i x e  wi th  e l c c t r i c  c locks  cr s t o p  irztches.  O f  course g r e z t e r  
p r e c i s i o n  would be obtninec! I f  the  t i m i r !  were done on c l c r r  
n i g h t s  o r  i f  i t  vx re  done e i t k r  i n  t n s  dey-time or n i g h t  time 
by t h e  pho to -e lec t r i c  f u z e  chronogra;;h. If t h e  t iming were t o  
be done during war ti,rne by s t o ~  11.;atch12s a t  some nexly es t ab l i shed  
proving ground, i t  a79ears doubt fu l  v~llcther the  day t im 
measurements would be of z ~ i f ~ ~ i o i e n t  prccisi.cn t o  grevent  the  
a c c i d e n t a l  r e j e c t i o n  of good fuzes .  I t  t h e r e f o r e  secms 
c::;cdi-c:?t, t:;:bt ct such e7t:l.f. :.:>1.--:r,rt? ? b r  t l - i l - n  ch~:l j .d 1 - i ~  dnne 
e i t h e r  a t  n i g h t  by s t c n  :.m.tchc:: snd e l e c t r i c  c l&ks  o r  pre- 
f e r a b l y  by t h e  pho to -e lec t r i c  fuze  chrcnograph. 

Although a s  has been s a i d ,  under favorable  circumstances,  
t h e  p r e c i s i o n  obtained wi th  thc  s t 0 2  matches i s  s u f f i c i e n t l y  
good f o r  t h e  purpose cf measuring t h e  d i s p e r s i o n  i n  the  time 
of f l i g h t  of fuzes ,  i t  appears  t o  be i n s u f f i c i e n t  f o r  accurc te  
c a l i b r a t i o n  rneasurments. If accura te  c a l i b r a t i c n  measurements 
a r e  t o  be made, i t  appears  t h a t  t h e  ?ho to -e lec t r i c  fuze  
chronograph (o r  some o the r  automatic apparatus)  m i l l  have t o  be 
used f o r  t h a t  purpose. 

We may regard the  e r r o r ,  E ,  made by a given opera tor  of 
a s t o p  watch a s  composed of t1~o terms; t h e  f i r s t  Ed, the  
de terminate  e r r o r ,  i s  approxiaa te ly  cons tan t  a t  l e a s t  f o r  given 
cond i t ions  of f i r i n g  and the  nea ther ,  and i s  mainly due t o  the  
r e a c t i o n  and response time of the  opera tor .  Added t o  t h i s  
t h e r e  i s  an a c c i d e n t a l  e r r o r ,  E2,  which may be p o s i t i v e  or  
nega t ive ,  which i s  due t o  the  unavoidable and unpredic table  
v a r i a t i o n s  i n  the  r e a c t i o n  and the  response time of t h e  observer .  



A s  has been pointed out i n  t h e  preceding pages, t h e  acc iden tn l  
p a r t  of t h e  e r r o r ,  E2 ,  i s  small  enough, a t  l e a s t  under favoruble  
cond i t ions ,  when t h e  g r e a t e s t  c a r e  i s  used, t o  permit f a i r l y  
accura te  measurements of d i s p e r s i o n  i n  t h e  time of f l i g h t  of 
powder t r a i n  fuzes .  On t h e  o the r  hand the  determinate  e r r o r  
Ed i s  so l n r g e  and s o  v a r i a b l e  from day t o  day m d  from observer 
t o  observer t h a t  i t  renders  the  z c c u r ~ . t e  determinat ion of the  
mean time of  f l i g h t  impossible from s t o p  watch measurements. 

A s  t h e  r e s u l t  of comparative t e s t s  with t h e  f u z e  chronograph, 
i t  appczrs  t h a t  Ed may w r y  f r o 3  - .04 t o  +.IS ~ r c d u c i n g  a  t o t a l  
time of f l i g h t  v a r i e t i o n  of  . Z  cf a sec .  I t  thus  appears t h a t  i f  

. t he  t imes of f l i g h t  a r e  measured by h~man opera to r s ,  the  mean 
time of f l i g h t  mtiy have an e r r o r  a s  g r e s t  a s  2.1 sec .  To provide 
accura te  c a l i b r z t i o n  messurenents of the  fuzes  a  more accura te  
instrument  than  t h e  s t o p  watch, such as  t h e  pho to -e lec t r i c  
chronograph or z o t i o n  p i c t u r e  csnera  i s  requi red .  

A r e p o r t ,  No. 69, i s  being -c:ritten d iscuss ing  t h e  p rec i s ion  
of t h e  time of f l i g h t  meesurcnents by s t o p  matches and e l e c t r i c  
c locks .  

C a l i b r e t i m  of t h e  Fuzes 

I n  t h i s  r e p o r t  thr-rc! h ~ v ~  br-zn nropocecl no cnli.lnrati.on 
requ i renen t s  f o r  t h e  s p e c i f i c ~ t i z n s .  While i t  i s  h igh ly  d e s i r -  
a b l e  t h a t  t h e  s p c c i f i c r t i e ~ s  con ta in  such requi rcnents ,  i t  
appears  t o  be ixprac t ic f ib le  t o  draw then up z t  t h e  present  
t i n e  because during t h e  pas t  t e s t s  of the  stendard fuze  no 
account has been taken of t h e  v a r i a t i o n s  i n  a i r  pressure froin 
normal nor of the  t enpera tu re  of t h e  fuze  before f i r i n g  &nd 
while noving d o n g  t h e  t r a j e c t o r y .  

Furthergore t h e  mean time of f l i g h t  measurements obtained 
wi th  e l e c t r i c  c locks  and s t o p  :vetches seem t o  be i n s u f f i c i e n t l y  
p r e c i s e .  I n  the  f u t u r e ,  cons ide ra t ion  of these  previously 
omitted f a c t o r s  should be taken i n t o  account. If t h i s  i s  done 
then d a t a  w i l l  s c c u m u l ~ t e  on the  b a s i s  of which c a l i b r a t i o n  
requirements may be m i t t e n  f o r  t h e  s p e c i f i c a t i o n s .  

1 
Resume 

1. The f a c t o r s  inf luencing  the  d i s p e r s i o n  of powder t r a i n  fuzes  
a r e  d iscussed .  I t  i s  pointed out t h a t ,  among o the r  f a c t o r s ,  
d i s p e r s i o n  i s  inf luenced by t h e  he terogenei ty  of t h e  powder and 
loading  condi t ions ,  by s p i n ,  and by the  o i r  pressure  on t h e  
f u z e s .  

2 .  The e a p i r i c a l  r e s u l t s  obtained wi th  t h e  s tan?ard  A .  A .  Fuze 
Mk I11 a r e  analyzed. I t  i s  sho-m t h a t  t h e  assum2tion t h a t  the  
d i s p e r s i o n  depends only  on t h e  mean pressure  appears t o  account 



s a t i s f a c t o r i l y  f o r  most of t h e  observed r e s u l t s  snd allor,s  
c a l c u l a t i o n  of t h e  d i s p e r s i o n  a t  any des i red  e l e v a t i o n  2nd fuze  
s e t t i n g  wi th in  t h e  e l e v a t i o n  - fuze  s e t t i n g  domain of the  f i r i n g s  
of t h e  s tandard fuze .  

3 ,  On t h e  b a s i s  of t h e  observed d i s p e r s i o n ' o f  t h e  s tandard fuze  
maximum germit ted s tandard dev lu t ions  f o r  t h e  s p e c i f i c a t i o n s  
a r e  s e t  d o m .  

4. It  i s  pointed o u t  t h a t  un less  g r e a t  ca re  i s  teken,  o r  the  
pho to -e lec t r i c  chronograph i s  used, t h e  t i n e  of f l i g h t  mensure- 
incnts w i l l  IJC uilsatisL'~~cic;l-y h s  i a r  2 s  c i i ~ l ~ e r s i o n  cicasurcrients 
a r e  concerned. For accura te  c ~ l i b r a t i o n  ncasureaents ,  t h e  
pho to -e lec t r i c  fuze  chronograph o r  some o the r  automatic appzratus  
i s  requi red .  

5. I t  i s  gointed o u t  t h a t  t h e r e  a r e  i n s u f f i c i e n t  d a t a  f o r  
s e t t i n g  up c a l i b r a t i o n  r c q u i r e x n t s .  Fur ther  f i r i n g s  under 
c a r e f u l l y  mezsured condi t ions  a r c  requj  r ed .  

The au thors  of t h i s  r c y o r t  a r e  indebted t o  Mr, Ruckmon 
and Miss Mark f o r  a s s i s t a n c e  i n  the  computations. 

Approved : 

Chief Research Divis ion  

R .  I+ IG 
R .  H. Kent 



Table I DATA 

Tabulated R e s u l t s  of  T e s t s  of 3 Inch A. A. Tine Fuzes Mark I11 A2 m d e  with Blends of Powder 
Lots  880, 881, and 882. Fuzes Armed t h e  12.7 Found Mark IX S h e l l  F i red  a t  2800 f/s. 

No, Rounds Average Me an Standard Method 
Lot No. i n  Group Burning Time Briicket Deviation Deviat ion of Timing 

10  Second S e t t i n g ,  30° E leva t ion ,  1/40 T w i s t  Gun: - - 
5286-5 1 3  8.07 0.22 0.05 0.05 Fuze 

-6 10  8.72 0.31 0.08 0.08 Chronogrznh 
-6 9 8.76 0.21 0.03 0.08 tl 

-_ 10 Second S e t t i n g ,  600 Elevat ion ,  1/40 T w i s t  Gun: 
. - 1355-11 10 9 -51  0.67 Stop Watch 

n 
n 
11 

!l 

n 
n 
n 
n 
tl 

n 
tT 

n 
n 
n 
n 
n 
n 
n 
n 
n 

Fuze Chron. 
11 

tl 



10  Second Se t t i ng ,  
No. Rounds 

Lot No. i n  Group 

75O Elevat ion,  1/40 T w i s t  Gun 
Average Mean 

Burning Tiae Bracket Deviation 

.,-A 15  Second Se t t i ng ,  ?OO Elevat ion,  1/40 T w i s t  Gun 
5286-5 10 13.72 0.33 0.08 

15 Second Se t t i ng ,  4 . 5 O  Elevat ion,  1/40 T w i z t  Gun 
1355-12 10  15-14 0.7: 0.18 

-15 8 15-43 0.02 0.19 
-18 10  15.11 0.58 0.15 
-22 10 lb.82 0.49 0.16 
-24 1 0  11.67 0.72 0.14 

5286-2 10  15 .IS 0.57 0.17 
-'5 10 14-97 0.31 0.06 

15 Second Se t t i ng ,  70° Elevat ion,  1/40 T w i s t  Gun 
5286-5 12 16.57 0.79 0.16 

-6 10  16.42 0.6 2 0.17 
-6 9 16.40 0.31+ 0.07 

Standard 
Deviation 

Method 
of Timing 

Stop Watch 
n 
n 
rr 
n 
n 
n 

Fuze Chron. 

Fuze 
Chronograph 

tr 

Stop Watch 
n 
n 
n 
R 

n 

Fuze Chron. 

Fuze 
Chronograph 

n 



id 
b 

C t f  
Q 
0 
+' 
C13 



TABLE I1 

Summary of 21  second A.A. Mark I11 A.2 Fuze 
F i r i n g s  from Jan .  1, 1935 t o  Oct. 1, 1936 

Gun Elev.  Fuze No. ' Mean Aver- E s t .  Method 
T w i s t  deg. S e t t i n g  of Time a g e  Pbpu- of 

sec .  1 0  of Stand- l a t i o n  Timing - 
Rd . F l i g h t  a r d  Stand- 
Groups s e c .  Dev. a r d  

s e c .  Dev. 

Fuze chronograph 
n II 

I 1  I1  

Stop  watch 
I 1  11 

11 , I 1  

Fuze chronograph 
11 I ?  

S t o p  match 
11 . n 

* Average of e i g h t  grou2s.  F i r s t  t e s t  of l o t  1355-19 was 
e l imina ted  because of poor t iming  of t imer s .  



TABLE I11 

Time of Flight Measurements at L5O Elevation and 
15 Sec. Fuze Setting 

Lot No, Rd, No. 

Results of Individual Timers 
(stop watch) 

Thompson 

15.54 
15.x" 
15.06 
15 .l6 
15.01 
1L. 96 
15.00 
14.9g 
11,. 73 
15.00 

Barr Peck Stahl 

15.L7 
15.52 
15.4.2 
15.26 
15.09 
15.07 
15.12 
15 -17 
1L.79 
15.00 

Average 

15.L9 
15.3'7 
15.39 
15.20 
15.0L 
15.00 
15-03 
15.12 
11.. 76 
15.00 

Lot No. Rd. No. Barr Atkinson Burns Stahl Average 

Lot NO. Rd. No. Sentman Atkinson Stahl Burns Average 

1L.87 14.98 1L.98 14.80 1L.91 (hang fire 
15-17 15-05 15.07 U.99 15.07 
15-32 15.29 15-24 15.17 15.25 
15.19 15 .1.6 15.U 0 15.13 
15 *LO 15-35 15.40 15.35 15.38 
15.10 1L. 99 15.07 15.01 15.0L 
15.36 15-40 15.50 15.2L 15.38 
1L.85 1L. 75 14-83 1L.75 1L.50 
15.02 14.96 15.00 1L.92 1L.98 
15.17 15.16 15.17 15.12 15.16 

* not used in figuring average. 
L marked late by observer and not used in figuring average. 



TABLE I11 (CONT'D.) 

Time of F l i g h t  Measurements a t  L5O Elevat ion  and 
15  Sec. Fuze S e t t i n g  

Resu l t s  of Ind iv idua l  Timers 
( s t o p  watch) 

Lot No. 

'1355-22 

Lot No. 

1355-24 

Lot No. 

5286-2 

Rd. No. 

25 70 
2571 
2572 
2573 
25 71, 
2575 
2576 
2577 
2578 
2579 

Rd. No. 

2702 
2703 
2 7OL 
2705 
2706 
2707 
2708 
2709 
2710 
2711 

Rd. No* 

318 
319 
320 
321 
322 
323 
3 2.4 
325 
326 
327 

Sentman 

14. 79 
15*05 
l.!,. . 6 3 
14  75 
14.95 
15.00 
14.92 
11,. 72 
14.87 
14.63 

Rarr 

14.57 
14-59 
14.26 
lL.92 
U * 5 L  
1L. EL 
14-55 
15.01 
14.4.7 
11,. 70 

Atkinson S t a h l  Burns Average 

S t a h l  Thompson Sentman Average 

Barr  

15 52 
15.26 
14.98 
14.99 
15.32 
15.33 
15-50 
1 L .  93 
1L.96 
15.06 

Thompson 

15.20 
Lost 

14.  92 
15.01 
15.28 
15.15 
15  .L8 
1 5  .OO 
15.02 
15.05 

Burns S t a h l  Average 

1 5 . 8 0 ~  Lost 15.36 
15.36 15.36 15.33 
15.00 15.07 14.99 
1L.96 15.11 15.02 
15.18 15.32 15.28 
15.21 15.21 15.23 

Lost 15.60 15.53 
1L.98 14.93 14.96 
14.91 15.09 15.00 
15.16 15.11 15.10 

* no t  used i n  f i g u r i n g  cverage.  
* L marked l a t e  by observer and n o t  used i n  f i g u r i n g  average.  



TABLE I11 ( C O N T ~ D .  ) 

Time of F l i g h t  Measurements a t  L 5 O  E levat ion  and 
1 5  Sec. Fuze S e t t i n g  , 

Resul ts  of Indiv idual  Timers 
( ~ l e c t r i c  clock)  Stop Watch 

Lot No. Rd. No. S t a h l  Durham Twonibly Peck Avercge Barr 

5286-5 125 15.09 
126 . .+1L.79 
3-27 I/+. 91 
128 15.12L 
129 Lost 
130 15.00 
131 11.99 
132 14.99 
133 15.01 
134 15.02 

* no t  used i n  f i gu r ing  average .  
L marked l a t e  by observer and not  used i n  f i gu r ing  average. 



i 

TABLE IV 

Recommended Mzximuin Permitted Standard Deviation 

Angle of Maximum permitted standard deviation 
Elevation Fuze Setting Fuze Setting Fuze Setting 
degrees 10  sec. 15 sec.  20 sec. 
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