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STATISTICAL STUDY OF PRIMER SERSITIVIIY

DROP-TESTS
) INTRODUCTION
. 1. B8ensitivity is an important characteristic of initiating
‘ elements and one which is frequeirtly determined during the

development of primers and detonators. During the develop-
ment work where sample sigze 18 limited and where high acecu-
racy of results is not essentlal, sensitivity is determined

the up-and-down (Bruceton) technique. Interval size 1s »
e :en arbitrarily as dictated by the experlence of the op- .
erator,

2. In the sensitivity testing of mechanically initiated
components, arithmetic intervals are used. In those cases
where the sensitivity pattern does not follow a normal dis-
tribution, it occasionally hippens that calculations of low
percentage firing heights give negative (impossible) values.
In the sensitivity testing of electric initiators logarith-
mically spaced intervals Yave been used extensively. One
advaniugs &2 +hia 13 the :limination of predicted negative
firing heights,

. 3. Where accuracy of a higher degree than that necessary
during the development work is required, such as in prelim-

b inary design and design proof tests, the rundown technique

b~ is used., Here agailn the experience of the operator dice

A tates the interval size,

4, The arithmetic interval has long been used in mechan-
ical primer and detonator testing, although there 1s no
known statistical evidence of its superiority over the log-
arithmic interval. It was decided, therefore, that a study
of sensitivity testing be made in order to increase the
quantity and quality of information which night be obtained
from the samples available for test.

5. Two types of primers were used in thils study, percussion
type and stad type. The percussion primer was the Mk 101
type containing an experimental priming mixture (NOL No. 17)
of the following composition:

Basic lead styphnate 204
Barium nitrate 35%
Tetracene 5%
‘ Antimony sulfide 20%
. RDX 204
' Two steb type primers were nsed in the study -- the Mk 102 1
. Mod O and a Mk 120 type primer, 8ince the two types of

e
§
s

primers exhibited somewhat different sensitivities, each

1
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type will be discussed individually.
The Mk 101 Type Primer (Percussion)
Test Procedure

6. A group of Mk 101 primers containing #17 explosive mix
and supposedly manufactured under constant conditions was
employed throughout the study. A serles of four tests of
the Bruceton or "up and down" type was first conducted,
The Bruceton test, now used extensively at NOL, is fully
described in reference 1. Each test consisted of 200
trials. Two of the tests were conducted at drop heights
equally spaced at 1/4 inch and 1/2 inch intervals, respec-
tively, on the arithmetle scale, The remaining two tests
were run at drop heights approximately equally spaced at
.05 and .10 intervals, respectively, on the logarithmie
scale, In this way ié was hoped that information could be
obtained relative to the effect of: (2) arithmetic vs,
logarithmiec intervals, and (b) variation in interval sige,
on the accuracy of the results obtained. Furthermore, by
breaking the 200 trial Bruceton tests down into smaller
samples, it was hoped that information could be obtained
on the effect of sample size on the precision of estimates
obtained by the Bruceton method.

7. Pollowing the running of the Bruceton tests deseribed
above, enough additional trials were conducted so as to
obtain a complete rundown with a minimum of 100 trials at
1/4 inch intervals. The great majority of the trials al-
ready run in the Bruceton tests were incorprorated into the
rundown. The Bruceton tests thus comprised sub-samples of
the large rundown sample of 1439 trials. Throughout the
tri2ls the selection of the primers was randomized so as

to minimize the effect of a possihle sequence of non-repre-
sentative primers,

8. The data from the complete rundown were analyzed by the
method of probits to be described below. This analysis
produced estimates of the 1%, 50% and 994 firing points
which were used as norms against which the Bruceton esti-
mates could be compared. The probit analysis also pro-
duced tests of the "goodness-of-fit" of the experimental
data to the theoretical normal distridution,

9. The validity of the Bruceton method of obtaining esti-
mates 18 bdased on the assumption that the explosion per=-
centages follow a cumulative normal distribution when
plotted against height or whatever function of height 1is
employed in equally spacing the intervals at which trials
are conducted. Hence the comparison c¢f the “"goodnessg of
£it" of the date as snalyzed on both the arithmetic and

2
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logarithmic seales was perhaps the most important aspect
of the probit analysis,

10. ‘the data of the various Bruceton tests and subtests
was then analyzed using the method described in reference
1. Estimates of the various percentage puints were ob=-
tained and the assumption of normality was further tested.

11. The statistical technigque known as Probit Analysis
is fully discussed in reference 2, in connection with the

problems of bilological assay. Howover} it 1s readily

seen t0 be adaptable to the analysis of the results of
sensitivity tests on explosives and in this connection 1t
1s further discussed in references 3 and 6, A drief de-

seription of the method follows.

12, A number of trials are first conducted at various
heights which need not be eoually spaced. The number of
explosions at each height is recorded and the correspond-
ing percentage is computed, These experimentally obtalned
percentages are then transformed to quantities called
probits by consulting a table., The provits are then plot-
ted against height or some function of the height on ord-
inary graph paper. These probits are ordinates of a cer-
tain normal distribution and are such that the points
plotted on the graph referr.d to above would lie in a
straight line i1f the explosion percentzges were truly nor-
mally distributed., If the conditions of normality are
reasonably well approximated by the experimental data the
plotted points will exhibit a marked linesr trend.

13. The next portion of the probit analysis consists of
fitting a line, known as a regression line, to the points
plotted on the graph. The method employed is an iterative
one, & line which seems to- best fit the data 1s first
drawn bg observation. If the points cluster very closely
about this line,no further refinement may be necessary and
the line thus drawn may be employed in the remainder of
the analysis. However, if this 1s not the case, a better-
fitting line can be ob%ained by an arithmetical procedurs
which involves welghting factors which depend upon both
the number of trials conducted at each level and the 41’ =~
tance of the level from the 504 point of the distridbution,
In determining the fitted line a point near the 50% point
carries considerably more weight than one near an extreme.
The weighting factors also increase with the number of
trials. This arithmotliecal procedure can be carried
through any number of cycles until what 1s for practical
purposee the "best-fitting™ line is obtained.

14. The criterion of best fit in the arithmetical proced-
ure deseribed above is the convergence, in the practical

3
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sense, of two successive cycles of computation. In other
words, when a line is obtained which is, for practical
purposes, identical with the line obtained from the preced-
ing eycle of computatinn, then the best fit is adjudged to
have besen attained,

15, The fact that a regression line has been obtained
which is for praetical rurposes the best-fitting line ror
the data does not, however, necessarily imply that it is

a good fit., The "gocdness of fit" of the best-fitting
1ine (or of any of the preceding lines) can be measured by
the well-known A*(chi~square) test. The test 1s thus a
criterion of the validity of the assumption of normality
in the distridbution of the firing percentages. If by this
standard the best fitting line shows a rearonably good fit,
then its equation may be used to estimate the point at
which any given percentage of the explcsive units will
fire. Confidence intervals for these estimates can also
be computed., If, by the/“criterion, 1t 1s impossible to
obtain a reasonaﬁly good fit for the plotted points, then
these confidence intervals must be increased by the appli-
cation of a heterogeneity factor. In other words, if the
normality assumption seems improbable, then a wider range
of possible variation must be allowed for in the estimates
obtained from the problt regression equation.

Results

16, The results of the complete rundown are shown in
Cols, 1, 2 and 3 of Data Sheet 1. All of the trials con-
ducted in the Bruceton tests were incorporated into this
rundown except for a few levels at which only a very small
number of trials were conducted. These could have only a
negligible effect on the probit line, while at the same
time they vould increase the labor involved in the arithe
metical process of fitting the line,

17. The calculations involved in the probit analysis of
the data are shown on Data Sheets 1, 2 and 3, and the
graphical picture is presented by Figures 1 and 2. The
probits corresponding to the empirical explosion percent-
ages are shown in column 5 of Data Sheet 1 and these prob-
its are plotted sgainst height in Figure 1 and against log
height in Flgure 2. The 80114 line on each of these
graphs is the line drawn by observation referred to in the
preceding desceription of the probit analysis. The various
cyclas of srithmetical calculations involved in obtaining
the best-fitting regression line are shown. The first
cycle of computations involved in the fitting of a line to
the empirical prohits rlotted in Figure 1 are shown in col-
umns 6 through 10 of Data Sheet 1, The corresponding eal-
eulations for Figure 2 sre shown in columns 11 through 16

4
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of Data Sheet 1, The succeeding cycles of ealeculation are
shown on Data Sheets 2 and 3, These calculations are de-
scribed in detail in reference 2, pages 199-208.

18, The final adjusted lines are the dashed lines shown
in FMgures 1 and 2, The goodness of fit of the adjusted
lines at each stage of the calculations is indicated by
the following values, which can be readily obtained from
the computations involved in the fitting of the line with
only slight additional labdor.

Height Log Helght
1st Cyele 8.222 10.410
2nd Cycle 2.065 g.211
3rd Cycle €.405 8.787

The subseript 11 on each of these}&z's indicates that 1t 2
has 11 degrees of freedom, The average value of such a
function is 11, Hence any value less than 11 indicates a
reasonably good fit and supports the hypothesis of normal-
ity. Conversely, a value considerably in execess of 11
would cast doubt on the normality hypothesis,

19. By this criterion the fit is a good one for bvoth
height and log height, with the former enjoying a very
slight advantgge. It will be noted that in the cas~ of
height the £ © velue for the final line is slightly higher
than for the preceding lines. This is due to the fact
alluded to in reference 2, page 54, that the process o} ob-

iine in tﬁe sense of cogvergence
is not precisely e Bivalent to minimizing the X © value
though the final 22 value will usually not differ by much
from the minimm,.

20. These figures would tend to the concluslon that good
results can be obtained in Bruceton cests run at bdoth
arithmetically and logarithmically spaced intervals., The
superiority enjoyed by the former seems too slight to en-
force the conclusion that it is definitely better, Hence
factors other than theoretical normality will influence
the choice of intervals, and this matter will be discussed
in ¢ later portion of this report.

21. Attention will next be focused on the equation of the

regression line which will be _used to estimate the various

percentage points. By tha»}:z eriterion the line whieh

best represcnts the experimental data 1s that which ex-

gresses the functional relationship between probit and
eight and vhose equation iss

l. Y = «,532 + 2,18X

or 2. X=Y+ .;32

5
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If the probit corresponding to any given percentage is
substituted for Y in eguation 2, then the Helght X corres-
ponding to that percentage can be readily obtained., 1In
this way the following estimates were obtailned:

14 Helghts 1.47 4inches
507 Height: 2,54 inches
99% Heights 3,60 inches

22, These would appear to be the best estimates of the
given percentage points, However, since log height alse
appears to be a 1easonably good normalizing function it
gseoms pertinent to record the corresponding percentage
heights as estimated from the best regression equation
connecting probii with log height, This eguation iss

1
Xt =Y + ,096
15.732
23. The various percentage heights gre obtained in the

same way as previously excent that X~ is now a logarithm
and must be transformed back to the original units of

height. In this way the following estimates are obtained. .

14 Height: 1,65 inches
50¢_Height: 2.51 inches
094 Helghts 3,81 inches

It will be noted that the estimates of the 504 height as
obtained by the arithmetic and logarithmic scales differ
only slightly, whereas in the case of estimates of the ex-
treme points the agreement is not so good.

24, A question nay arise as to the reason for as large a
discrepancy ss was shown in the estimation of the extrame2
point by the two scales when both were adjudged by the X
eriterion to give reasonably good fits to the normal re-
gression line,

25. The gwer to this question lies partly in the faet
that the criterion expresses the average goodness of
£it over the entire regression line, with valuas at the
extreme poigts of the line contribuling but 1little to the
computed X © value, Therefore, the major, central portion,
of bdoth regresséon lines may fit the experimental data
well and the X © values may be comparable, but the extremes
of at least one of the lines must deviate since both as-
sumptions of normality, i.e., with height or log height
cannot be correct, It shoul& be noted also that the na%ure
of the logarithmic function is such that it will always
give higher estimates of the extreme points (both the 1%
and 99¢ proints) no matter which assumption of normality 1s
correct. For when tho sensitivity is normal with regard
to height the logarithmic plot will have its extremes bend
)
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upward away from the regression line, and when the sensi-
tivity is normal with respect to log height, the experi-
mental values of the extremes plotted on the heizht basis
will bend downward away from the regression line. 1In
either case the extremes (both high and low) will be
higher on the Yog helght basis,

26, The statistics given adove are estimates of the pre-
e¢ise points at which given percentages of the primers
under consideration may be expected to fire. However,
1ike all statistical estimates of this kind, they may be

to vary from sample to sample. FHence they should
be surrounded by certain ranges of variagtion known as con-
fidence intervals., These are obtained by computing the
standard devistion of the estimate in question and multi-
plying it by an appropriate factor depending upon the
prodbability level at which one wishes to fix the confldence
range,

27. Por the estimates obtained from the probit-nsight re-
gression line which, as noted above, appear to be the
"hest" estimates obtainable from the data, the respective
99¢ confidence intervals ares

14 Height: '1.32 - 1.62
504 Helght: 2.49 - 2,59
994 Height: 3,46 - 3.74

28, The data obtained in the Bruceton tests wers analyzed
in the usyal manner as described in reference 1, Esti-
mates of X (504 PT.) and & (std. dev.) were first obtained
from each of the four Brucetons consisting of 200 trials
each, These tests were then broken down into groups of
100 and finally into groups of 50 and estimates of X and &
again computed, so that 28 sets of estimates were obtained
in all. These are tabulated below together with corres-
ponding estimates of the 17 and 9°¢ points, Since they
are relatively familiar, details of the calculstions are
not included in this report.

1/4 Inch Intervals

No. Trials X o 14 Pt. 99¢ Pt.
200 2.55 .32 1.81 3,29
100 2.54 .33 1.77 .31
50 2.54 «33 1.77 3.31
50 2.54 .33 1.77 3.31
100 2,56 32 1.82 3.30
50 2,58 24 2.02 3,14
50 2.53 «39 1,62 3.44
7
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1/2 Inch Intervals

. R T ATV AL

No. Trials X g 14 pt, 994 Pt.
200 2,60 A2 1,62 3.58
100 2.64 A8 1.52 3.76

50 2,71 .66 1.17 4,25
50 2,57 .27 1,94 3.20
.100 2.57 .34 1.78 3.36
50 2.63 .30 1.93 3.33
50 2.5 +35 1.70 3.32

In the tabulation of the results obtained using log-

arithmically spaced intervals

¢ will be given in logar-~

ithm units since it has signi%icance only when thus ex-
pressed.
0% Logarithm Intervals
No. Trials £ ¢ (log.) 14 pt. 99% Pt.
200 2.50 .087 1.57 3.97
100 2.50 .078 1,65 3.79
50 2.53 .090 1,56 4,09
50 2.47 —~068 1,72 3.56
100 2,47 .096 1.48 4,12
50 2043 127 1.23 4,80
50 2.4 061 1.79 3.44
10 Logarithm Intervals
No. Trials X G ( ].Og . ) 1% rt, 99’ Pt.
200 2.45 .084 1.57 3.85
100 2,42 104 1.39 4,2
50 2.39 .099 1,41 4.0
50 2.4% «107 1.38 4,36
100 2.49 .06 1.77 3.49
50 2.43 06 1.71 3.47
50 2.5% 057 1.68 3,46

29. A graphical picture of the distridbution of these esti-

mates and thelr degree of conformity with the correcspond-
ing estimates obtained by the probit analysis of the entire
data on the arithmstic scale 1s presented in Figures 3, 4
and 5, On these graphs drop-heights are measured along

the vertical axis gnd estimates obtained from the various
tests are regresented by horizontal lines drawn at the ap-
propriate helght, The so0lid line drawn across the entire
length of the graph represents the probit estimate of the
percentage point in question and the two broken lines

which bracket it indicate its confidence interval. The

8
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shorter horizontal lines represent Bruceton estimates in-
volving various numbers of trials as indicated by the leg-
end at the bottom of the graph, Fach graph has been
divided into four sections by vertical lines, each section
containing the estimates obtained from tests conducted
with a given interval size as specified on the 200=-trial
line in each case. The shorter lines in each section rep~
resent estimates obtained through the subtests into which
the 200-trial tests were broken as described previously.

30. A glance at the graphs shows that the Bruceton esti-
mates are sudbjeect to a considerable dispersion and that
many of them fall outside the 99% confidence ranges for
the probit estimates. As would be expected, this varia-
tion is much less marked in the case of the 504 point than
for the extremes, Focusing attention on Figure 3, there
seems to be a definite tendency for estimates of the 50%
point obtained using arithmetic intervals to be above the
. "true” value and for those obtained using logarithmic in-
tervals to be below it. It may also be noted that on the
taeis of the number of estimates of the 504 point falling
within the probit range, the 1/4-inch interval was consid-
erably superior to any of the others, It should perhaps
be noted that had a similar comparison been made using the
logari‘nmic probit confidence range, the .05-log interval
would have placed the most estiwcces within that range,
with the 1/4-inch interval close behind,

31. The results of the above comparison seem to be in ac-
cord with theoretical considerations which indicate that
small interval sizes (about .%) are best for estimating
the 50% point.

32. Perhaps the most siriking fact indicated by the

graphs is that whereas ‘he 1/4-inch interval made the best
showing for the 504 point, placing all seven estimates
within the confidence range, 1t fared worse than any of the
other interval sizes in estimation of the 1% and 994 points,
failing to place a single estimate withir the confidence
intervals, Since estimates of extreme percentage proints
are obtained by adding or subtracting certain multipleg of
the standard déviaticn, 4~ , to the mean or 50% point, X
this c¢an only mean that this interval sige, while excellent
for estimating X, was very poor for estima%ingd‘. Tris 4s
again in accord with theoretical considerations,which indi-
cate that small interval sizes are inefficlent for estimat-

ingo. '

33. The practical fact which must therefore be faced in
sensitivity testing is that X and ¢~ canrct be estimated
vith optimun accuracy by a single test. In recognition of

9
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this faet the Bruceton test is classified under two sepa-
rate headings in reference 4, They are referred to as the
Up and Down-Small Interval Size and the Up and Down-Large
Interval Size. The former is recomriended for estimation
of only the 504 point, whereas the latter is recommended
for the simultaneous estimation of more than one of the

. 108, 50€ and 907 points,

34, 1t seems fairly evident, however, that an even better
procedure for the estimation of the 55% point and one or
more extreme points would be to resort to two tests, one
to estimate X and the other to estimate . This alterna-
tive 1s, of course; limited by the amount of experimental
material one can afford to expend, but 1t would seem to
merit serious consideration wherever the availability o?
expendable material permits.

35, For the data under present consideration the estimate
of &~ from the arithmetiec probit analysis is .46 inches,
Reference to the Bruceton estimates tabulated atove shows
that the estimates obtained in the 1/4 inch tests are uni-~
formly too low, Unfortunately the 1/2 ineh tests showed
a distressing randcmness in the estimation ofs" dbut two
rather good estimates were obtained, i.e., .42 for the en-
. tire 200-trial sequence and .48 for one of its 100=-trial
subsequence. In the case of the logarithmic Bruceton
tests the best estimates of ¢ (as compared with the log
probit estimates) were those obtained from 200 and 100-
trial tests. There seem to be experimental indications
that more trials are necessary for the accurate estimation
of 6 than for ¥. This would mean that if, as recommended
above, a prescribed number of trials are {o be divided
into %wo sets, one using small interval sizes to estimate
X, and the other using larger interval slzes to estimatec,
a greater proportion of the trials should he ineluded in
the latter test than in the former. The optimum ratio for
this proportion would seem to merit further study.

36, Taken as a whole the pleture of the Bruceton estimates
is not s particularly happy one. Figures 4 and 5 show an
alarming spread among the estimates of extreme percentage
points. Large sample size seems to give no guarantee of
suecess, Of the 200 trial tests only one of ths four esti-
mates fell within the probit confidence interval for the
994 point and two of the four for the 17 point., The use
of many of the estimates to specify extreme percentage fir.
ing points would have proved highly misleading. It might
be mentioned, however, thst if the confidence intervals of
the log problt analysis hgd been uvsed, each of the 200-
trial log Bruceton estimates would have fallen within the
required limits for both the 1% snd 994 points, although

10
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most of the estimates obtained from a lesser number of
trisls would have fallen outside the confidence interval.

37. 1f one looks for a psttern in the dispersion of the
Bruceton estimatzs it 1s seen from the graphs that for
arithmetic intervals the estimates tend to be too low in
the case of the 994 point and too high in the case of the
14 point. This state of affairs is undoubtedly due to a
consistent underestimation ofo”. In the case of the loga=
rithmically spaced tests the estimates tend to be high at
both extremes when compared with the arithmetic estimates.,
This state of affairs would rather be cxpected, as previ-
ously noted, and would not have prevailed 1if tﬁe logarith.
mic probit confildence interval had been eunloyed on the
graph,

38. It should, of course, be noted that confidence inter-
vals can be computed for %he Bruceton estimates as well as
for the probit estimates and that, if these were ineluded
on the graphs, the confidence intervals surrounding some
of the Bruceton estimates which lie outside the probit
range would overlap that range.

39, Tris leads to the point that no estimate of any per-
centage point should be given without also specifying
either a confidence interval or the standard deviation of
the estimate from which a confidence interval can dbe com-
puted. Without this additional information the person to
whom “he estimate is furnished has no idea of how much re-
liance may be placed upon it. The calculations involved
in eomputing the confidence intervals for the Bruceton
estimates are described in reference 1, pgs. 20-22, and in
reference 3, pg. 97. As an illustration, the estimates
with their corresponding 994 confidence intervals obtained
from the 200-trial 1/2 in, Bruceton test conducted as part
of the present study are as follows:

1 1nt 1.62 & 7
502 ggint 2,60 & .gl
994 point 3.58 & .37

Nots that although the estimate of the 50¢ point is consid-
erably stove the probit estimate of 2.53, 1ts confidence
interval includes that value, extending from 2.49 to 2.71.

40, It has been shown theoretically that the reliability
,of tne Bruceton method decreases rather raridly with the
distance of the point estimated from the 504 point. For
exanple, i1t has been shown (reference 4, page 91) that the
method Is only about half sa accurate for estimating the
104 point as for estimating the 25¢ point. In this connec-
tion it should be noted that in reference 4 the Bruceton

11
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uethod is not recommended under any conditions for estimat-
ing points outside the 10%-90% range. For precise estimates
of more extreme points other methods should be resorted to.

41. The question of arithmetic vs, logarithg intervals was
further investigated by application of the - {est to the
separate 200-trial Bruceton tests as suggested in reference
1, pages 29-33., The calculations are shown on Data Sheet 4
and the results are as follows: ,

Interval Chi-Square Value Probability Level

1/4 inch ﬂ;?z 1.40 50
1/2 ineh Xy = .68 .43
.05 (log) A= 2.86 42
.10 (10g) = .95 .34

42, The subscript on cach of these A2's represents its
numbe§ of degrees of freedom, and since this number varies
the X< values cannot be ccmpared directly. 2For this rea-
son the probability of odbteining a larger’X< value has
been given in each case, Since high prodbsbility indicates
ggod rit, the evidence agaln points, as in the czse of the
X° analysis of the entire set of data, to the fact that
arithmetically spaced intervals are at least as good as

if not somewhat better than, logarithmic intervals for the
Bruceton test.

43, It might be well to point out that, entirely aside
from theorotlcsl considerations of normality, logarithmic
intervals suffer a practicsl limitation which restricts
their usefulness. To elucidate this point let it be re=-
called that in calculating the mean for a set of Bruceton
data the test helghts are coded to the integers O, 1, ...
ete. Thus if the %testing helghts are denoted by i s the
lowest testing height by X , and the interval size by 4,
then the coded heights, hif are given bys

e X4 = X
" h1 =24 .

so that h, = 0, hy = 1, etc, A welghted mean, H, 1s then

computed 8nd %’1s obtalned, using the relationship

X =X, +ah

It 1s from this coding that the simplicity of the Bruceton
analysis 1s derived and for arithmetlically speced inter-
vals it is beyond critieism. In the case of logsrithmie

12
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intervals the situaticn is complicated by the faet that in
attempting to space the intervals equally on & logarithmic
scale one is limited by the accuracy with which the drop
testing device is calibrated. Thils means that, having
chosen a certain logarithmic interval which ons wishes to
use in spacing the testing heights, one is forcei in each
case to choose the callbrated testlng height whish is
nearest to the correct height and consequently the testing
heights are not really equallg spaced. The mathratical
consequencz of thls is that the coded heights, 0, 1, 2, ..
do not correspond to the sctual heights and an adaificfsl
error 1s therefore introduced into the Bruceton caleuls-
tions, Por example, in the 200-irial Bruceton tast at.
logarithmic intervals of .05, the lowest actual %esting
height was 1,80 inches and the highast was 3,55 inches,
This actual logarithm of these helghts 1s to three declmal
places, ,.255 and ,550. Using these values we haves

hg = 22255222 = 5.9

whereas the integral value, hy = 6, was sctually used in
the Bruceton calculations, THe error introduced in this
way could have been avoided by using the zctual testing
helghts 1n calculating m and &, but in so doing one of the
principal virtues of the Bruceton analysis, namely simplie-
ity of caleculation, would have been lost, It should of
course be emrphasizad that the limitation just described is
rot intrinsic to the logarithmic method itself dut, rather,
that it arises in connection with 1ts use with a particu-
lar drop-testing apparatus.

44, Before concluding the disecussion of srithmetic vs,
logarithmic droyp heights one more point which has been
raised in that connection will be considered. This is
that in using arithmetic heights a negative drop height is
occasional’y estimated to correspond to a low explosion
percentage.

a5, It is of course evident at the outset that vwhenever
the normal function is used to predict the height corres-
onding to a glven explosion percentage this height will
e negative if the given percentage 1s small enough. Thils
1s a conseguence of the faet that the cumulative normal
curve or oglve is, at its lower tall, asymptotlc to the
horizontel axis iying entirely above it, and therefere
the extreme por%ions of this section of the curve would
redict positive exglosion percentages for zero helght or
or any negative height, As a matter of fact the same
difficulty is mot at the other end of the distribution
where the curve is asymptotic to a line parallel to the
horizontal axis and one unit above it. Here sz positive
percentage of misfires will be predicted for any drop
height however large. All of this simply means that

13
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wheress the normal curve may be an excellent approximation
to the trve explosion curve over the central portion of
its range, corresponding roughly to m#3 s 1t cannot be
used outside that range and this will cause no difficulty
in most practical situations.

46, If one uses a logarithric scale the difficulties en-
countered at the lower end of the distribution seem to be
avoided since a height predicted from the fitted normal
curve will slways be expressed in logarithmie unite and
hence the corresponding arithmetic height must always be
posizive. The difficulties at the other end of the range
remain,

47. The device of using the logarithmic scale simply to
avold the occasional estimation of a negative drop height
seems, however, to be an artificial mode of escape and its
choice on this ground alone seems hardly justified., The
main consideration would seer to be the choice of z func-
tion, whether height, log height, or possibly some other
one, which best approximates the normal distribution.
Having chosen the function which best meets this criterion,
an occasional encounter with a negative height should be
looked upon simply as a consequence of the use of the nor-
mel distribution and should cause no undue alarm.

48, It might be noted at this noint that sinee the logar-
ithmic scale has been by no means proved not to be the
true distribu*ion, its use in certain situstions for esti-
mating percentage firing points at the upper extreme mer-
its consideration in view of the previously noted tendency
for logarithmiec estimates to be righer than the arithmetic
ones, For this reason a logarithmic estimate of a high
percentage point might be sald to be somewhat safer than
an arithmetic one since the -probadility of underestimation
is smaller., For the same reason an arithmetic estimate
might be regarded as safer gt the lower extreme since at
that end of the range overestimation of a percentage fir-
ing point 1e¢ to be avoilded for reascns of safety.

The Mk 120 Type Primer and the Primer Mk 102
(Stab Initlated Primers)

Test Procedure

49, The statistical procedure used in the study of sensi-
tivity tests of the Mk 120 type primer was identical with
that used in the case of the Mk 101, The results obtained
from these tests will be detailed and interpreted below,

14
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Results

50. Since only 800 primers were available for testing

purposes, the scope of the testing program wes necessar-

ily reduced as compared with the Mk 101 primer, but the

same scheme was followed. In thls case only two Bruceton

. tests were conducted, each consisting of 200 ¢riale and
at intervals of 1/2 1nch and ,04 (log) respectively.
After the completion of these two Bruceton tezts the re-
mainder of the primers was expended at various levels in
order to obtain as complete a rundown as poscible, As
will be seen from column 4 of Data Sheet 5, & 1004 experi~
mental point was reached with 40 trials at 8,50 inehes,
but the lowest eripirical percentage odbtalned was 2¢ in 50
trials at 1,50 inches,

§1. The probit analysis of the entire se%t of data did
not produce results which were nearly as reassuring as

far as the criterion of rormality was concerned, as was
the case with the Mk 101 primer., The plotted probits are
shown for height on Figure 6 and for log hsight on Pigure
7. In both cases, although a general linear trend is evi~

denced, there i1s also considerable scatter,

52, The probit analysis was carriezd through two cycles
in both cases. The graphs show the orlginal line fitted
by observation and the two adjusted lines. The line pro-

. duced by the second cycle in the case of log helght was
practically indistinguishable from the previcus line and
hence has rnot been shown on ths graph,

53. The calculations involved in the probit aralysis are
shown on Data Sheets 5 and 6, The velues for both
stages of the adjusted line are shown below:

Arithmetic Logsrithmic
1st cycle 7¢§4 = 32.163 X2, = 34,290
ond cyele X3, = 26.747 X8, = 31.209

54, These values are well above the expected chance
levels and hence the hypothesis of normality 1is definite~
1y under suspicion in both cases, As in the case of the
Mk 101 type primer, some superiority for the arithmetle
scale was 1ndicate5.

- A 3 & .. ..

5%. In some cases a large 2 value may be misleading in
view of the fact that it contains uvnusually large contri-
butions from the ends of the range where the probabili-
ties sre very high or very low, and in such a case the
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fit may be actually better than theX2 value would indi-
este. In these case= a more accurate picture may some-
times be obtalned by grocping several levels together st
sach end of the range. This was carried out for the
arlttmetic scale, the calculatlons being shown on Data
Sheet 7, ang a slight lmprovement was shown. However,
the value’®§ = 15.21 1s still a rather improbable one
under the hypotheslis of normality and this hypothesis,
while not to be relected, 1s Certainly not 2trongly sup-
ported.

56, In the probit anal%zés, departurcs from normality

as indlcated by a large value are allowed for by apply-
ing a heterogeneity factor to the variances of the esti-
mates, This factor has the effect of increasing the size
of the confidence interval for each estimate., In other
words, the net effect of consideratle departures from
normaiity is to decrease the precisior with which esti-
mates of the variocus percentage firing points can be
specified. The use of the heterogencity factor will be
11lustrated presently.

7. The equation of the fitted prcbit regression line as
obtained from the second cycle of calculations on the
arithmetic scale is

- Y = 2,34 + 59X

where, as before, X represents the drop height and Y the
corresponding probit. Using this equation the following
heizhts were estimateds

14 Height : .56 inches
50% Helght : 4.51 inches
999, Height s 8.46 inches

The variances of the thres estimstes listed above are
.0838, ,0084, and ,0765, respectively. However, because
of poor fit %hese quantities must be corraected by the:
heterogeneity factor as atated above. This factor is ob-
tained by dividing theL“ v-lue gbtained by its number of
degrees of freedom. Using the X° value which was obtained
by grouping several levels together we haves

x§§_=__i‘§'_2}_=1.69

If the variances listed above are multiplied by the factor
they become .1416, ,0142, and .1293, respecctively. The
respective stancdard errors are obtained by extracting the
square roots ol these numbders, and these standard errors
are then multiplied by a factor obtained from a table of

1
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Student's "t" to obtain the following confidence inter- i
valss {

* 14 Height ¢ 0 -~ 1.80
50% Height H 4 [ 12 - 4 ] 90
99% Height $ 7029 - 9063

58, The confidence interval for the 1% height actually
includes negative heights but only the positive portion
of the range has been tabulated,

59, The first and most obvious remark to be made about
these confidence intervals is that they are very wide.

x This becomes even more evident if they are compared with
the corresponding intervals obtained in the tests of the
3 Mk 101 type primer and listed on page 6 of this report.

i The upshot of this is that the experimental materlal used
in the study of the Mk 120 type primer behaved in such s
way that 1t 1s impossible to confine estimates of its
percentage firing points to reasonably small confidence
intervals even through the use of the relatively elabor-
ate problt analysis.

60. The results of the various Bruceton tests and sub-

. tests are tabulated bhelow:
= 1/2 inch intervals
b ] No. trials ¢ o 1% Pt. - 99% Pt.
= 200 4.86  1.51 1.3 8.37
ki 100 4,60 1,47 1.1 8,02
. 50 4,42 .95 2,21 6.63
r S 50 4,79 1.7 .70 8.8
i 50 5.10 373 3040 6980
o 50 5,12 1.59 1.42 8.02
-/ .04 (log) intervals
?4‘ No. trials X O (log) 1% Pt.  99% Pt,
- 200 4.48  ,220  1.38 14,55
100 4,81 .18 1.75 18'24
50 5,18 .09 3,06 .75
R 50 4,52 .227 1.27 16,07
100 4,16 .165 1,72 10,07
50 4,06 113 2,22 7.4
50 4,30 .205 1.43 12,8
17
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61, As would be expected from experimental material of
this kind, sn extremely wide range of variation was exhib-
ited. For instance, it will be noted that estimates of
the 14 point as obtained from the 1/2 in, Bruceton tests
vary from .70 inches to 3.40 inches, whereas estimates of
the 994 pt. as ohtained from the .ol log test vary from
7.45 to 14,55 inches. Needless to say, little relilance
could be placed on any single Bruceton estimate obiained
for primers of this sort,

62. The confidence ranges of the prohit estimates were
g0 wide and the variation of the Bruceton estimates so
extreme that there seemed little point in illustrating
that variation graphically as was done with the test re-
sults of the 101 primer. If the same scale was used as
in the previous graphs even the confidence intervals of
14 and 99% probit estimates could not be contained on a
single sheet and to compress the scale would only be mis-
lead 1ng °

63. The X2 tests for the two individual 200-trial
Brucetons were run as was done in the case of the Mk 101,
The calculations are shown on Data Sheet 8 and the re=-
sults are shown belows

Interval Chi-square value Probability Level
1/2 inech  XKg = 4.96 -43
.04 (log)  X& = 13.50 .10

64, The valve obtained for the arithmetic intervals seems
to contradict the poor fit indicated by the probit analy-
sis of the entire rundown., However, since this value 1is
derived from one-fourth of the total number of trials and
concentrated in the neighborhood of the 50% point, it is
not adjudged to be as re}}able an indicator of the true
atuation as the probit7 < value, Comparison of the two
)% values listed above again indicates superiority for
arithmetically spaced intervals for the Bruceton test.

65. Before concluding the remarks on the Itk 120 type
primer the results of a set of calculations carried out
prior to the initiation of the present study should per-
haps be mentioned. There was available for snalysis a
set of data obtained from a rundown test of Mk 102 prim-
ers which had been conducted in September 1944, The
priming mixture contained in the primers was mercury ful-
minate Pom Pom No. 74. The rundown was complete, con-
sisting of 100 trials at each of 16 levels spaee5'1/4
inch apart.

18
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66. The data were analyzed by the probit method. The
probit curves are shown on Figures ¢ and 9 and the calecu-
latione on Data Sheets 9, 10 and 11. A glance at the ex-
plosion percentages shown in Column 3 of Data Sheet 9
shows a curious slowness of tailing off at the upper end
of the range. Nearly half of the total range of test
helghts is inecluded in the 90%£-1007 explosion pereentage
interval. This factor undoubtedly affected the statisti-
cal results, as will be seen,

67. The 'Ka values obtained after a single cycle of caicne
lations were as followss

Helght Log Helight
2 = 2 = 4,
Y13 = 35.347 ?613 14,951

68, The caleulations for height were carried through a

second cycle but the fit was even.poorer, a possibllity

previously alluded to, A third’X“ value for height was

calculated by grouping extreme intervals but no improve-
ment in fit was noted.

69. Thus the two]ﬁa values shown above seem to contradict

the evidence obtained in the main body of this study in
that the logarithmié scale seems to be definitely superior
to the arithmetic as far as goodness-of-fit to the normal
distribution is concerned. However, s study of the graphs
strongly indicates that the poor fi% indicated for height
is in the main caused by the last few points at the top of
the probit graph; that is, the points corresponding to the
probits determined by the unusually long tall of the dis-
tribution. Use of the logarithmic scale brings about a
contraction of the horizontel height scale at its upper
end, thus bringing the points plotted at the tail closer
to £he 1line determined by the remaining points.

70. The result obtained in this case 1s therefore not
thought to contradict the conelusions previously stated
concerning the relative value of arithmetiec vs. logarith-
mie intervals for the testing of primers in general., In
this case the unusually long tail at the upper end of the
distribution was thought to refleet inferior quality in
the primers under test. Logarithmic tests would therefore
seem to merit serious consideration whenever material of
this kind 1s under test.

Conclusions

71, The following general eonclusions appesr aprlicable

19
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to the tests which have been described and discussed in
this report: '

a. The probit analysis should replace the Bruceton
whenever the exact specification of extreme percentage
points is required. Attention is again invited to refer-
ences 3 and 6 in this connection.

b, Whenever possible, when using the Bruceton method,

separate tests using different interval sizes should be
used to estimate and

¢. In any case, Bruceton tests should not be used
to estimate points outside the 10%4-904 range.

d. No marked superiority for elther arithmetie or
logarithmic intervals has been disclosed. Either may be
used as seems appronriate.

e, Appropriate confidence intervals should be com-
puted and furnished with all estimates.

72, Some qualification should be gpplied to the above
conelusions, however, in those cases where primers exhibit
the erratic performance noted for the ¥k 102 and Mk 120
type deseribed above., The use of the Bruceton test in
evaluating primers which show erratic behavior would seem
to bs open to serious question. The probit analysis with
appropriately stated confidence intervals would seem to

be a reasonable alternative,

Suggestions for Further Study

73. In view of the seeming unreliability of the Mk 120
and Mk 102 types of primers tested in the course of this
study, further tests along the lines suggested in this
reporﬁ using a lerge group of Mk 102 and Mk 120 types of
primers manufactured under carefully supervised conditions
to insure uniformity would be of value,

74, Experimental testing of other "staircase" methods
diseussed in reference 4 would throw further light on
tests for srell samples that might be used to supplant
the Bruceton., In must casas the alternative methods are
considerably more complex in both testing procedure and
subsequent analysis than 1s the case with the Bruceton
and they are less flexible, allowing the estimation of
only one percentage point for each test. Whether these
disadvantages are offset by greater accuracy would de
worth investigation.

20
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75. Finally, in an attempt to disgnose the cause of sp-
parent inconsistencies of primer firing under drop-test
conditions, a ceritical review of the entire drop~-test
procedure would seem to be in order. A step in that di-~
rection has been made in reference 7, in whizh the vprob-
lems connected with the transfer of energy from ball to
primer through the medium of the firing pin are dis-
cussed from a theoretical point of view. It is pointed
out in this connection that the maintenance of stabdle
conditions with regard to this transfer of energy in the
course of the test would require that the trials during

a drop test be conducted from a constant height while the
weights of both the ball and the firing pin were varied
from trial to trial., Whether an even greater improvement
eould be effected by abandonment of drop-testing methods
entirely in favor of testing devices of the peadulum type
or timing devices in which the time interval hetween in-
pulse and explosion 1s measured would seem to b= a sube
Jeet for fruitful research in the future,

21 ]
URCLASSIFIED )




We

__.._,

TSN e o o YO O

i

S L, 8 .-
oo wbic g

Iy

$

UNCLASSIFI D
NAVORD HKeport 2226

Appendix A
Note on Computation of Confidence Intervals

In computing the confidence interval for a given esiimate
the standard deviation of the estimate 1s multiplied by a
factor vhich depends upon the desired probability levsel,
In this commection it is to be noted that these factors
are not the same as those which are used in obtaining the
estimates themselves, which are listed in reference 1,
page 19. For example, che factor used to determine the
estimates of the 99% firing point 1s 2.326, whereas the
factor to be used in determining the 99% confidence inter-
val of that catimate is 2,58, The correct factors ic be
used in computing confidsence intervals at eny yr» obability
level can be read from any table of normal area’ and ord-
inates and is found in the column headed "t" opposite the
entry in the column headed " ", which {s half of
the desired probability. For exemple, to determine the
correct factor for a 95% confldence interval, the value
1,96 1s located in the column headed "t" opposite the

value .47500 (half of .98) in the column headed " LY

The values used for estimating any percentage firing point
may be obtained from the sume table, though the values
listed in reference 1 are adequate for most purposes, 1o
obtain these values from a table of normal areas, .50 is
subtracted from the required percentage, expressed as
decimal, the result is located in the " " column and
the correct factor appears opposite it in the "t" column.
“hus the value 2,326 used to estimate the 994 point is
found by interpolatling betreen the values 2.32 and 2.33
which appear in the "t" column cppocite the values 48953
and .49010 respectively in the " " column,

# In the protit analysis where a heterogeneity factor is
applicable a table of "student's t" must be used instead
of the %able of normal areas and ordinates., See reference
2, page &0,
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