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ABSTRACT
{’“\ Causes of the dispersiou in the tine of {lighi of powdef iraln
- fuzes are mentioned. It is shown that the dispersion of the A. A.

Fuze Mk III can be considercd to depend only uvpon the mean presgsure
along the trajectory. By the aid of this result, the dispersions
are calculated as a function of elevation and fuze setting.

Dispersion limits for specifications are recommended. No
recommendations are made concerning calibration requirements for the
fuze, since insufficiently complete data concerning the temperature
of the fuze, the pressure of the atmosvhere and the mean time of
flight have been obtained from past firings.

EY

¥

£



A knowledge of the magnitude of the time dispersions
obtained with powder train time fuzes under the various
conditions of use is needed for many purposes. This information
1s almost indispensable in the preparation of specifications
for the procurement of such fuzes and in the preparation of
firing tables for ammunition with which they are used. This
report is written chizfly for the purpose of analyzing the
exlsting data and applying them to the preparation of
specifications.

Information concerning the time dispersion obtained
with powder train fuzes, of a high degree of accuracy and in
extensive form, can be obtained only irom the statistical
analysis of the results of a large number of firings with
the fuzes in question under conditions of firing representing
the whole range of firing conditions under which the fire'is
to be used. Results of such firings are seldom, if ever, _
available in sufficlent quantity to permit relisble conclusions
to be drawn from the statisticsal analysis of these data elone.
The reliability of the conclusions dravn from such data can
be considerably 1mproved if in thelr analysis and in the
interpretation of the results due consideration is given to
the effects:of those factors which are known from previous
experience to influence the time dlspersion and to the manner
in which these factors exert their influence. It seems
anproariqtc,thercfore in this. atUdY first to consider briefly
these factors.

Fuzes when fired at zero time settings give a certain
amount of time dispersion. This dispersion 1s probably caused
by variations in . :

a the time required for the concussion mechanism

to function.

b the time required for the concussion primer to function.
¢ the time required to ignite the powder in the time train.
d the time required to communicate the flame from the first
ring to the second train.

e the time required for the base charge to be 1gnited and
to function. _

This dispersion 1s inherent in the fuze and will depend upon

its design. It will be present regardless of the other con-
ditions which affect dispersion, such as lack of uniformity

in the composition and loading of the material of the time

train, the speed of rotatlion during the flight of the projectile,
atmospheric pressure, etc. It may be considered to be a
characteristic of the fuze and practically independent of the
conditions of use. This dispersion will be called the "ignition
component" of the total dispersion.
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It 18 evident that the remaining portion of the total
dispersion will have a magnitude of zero when the fuze is set
for zero burning time. It will later become evident that the
magnitude of this portion will Increase as the time setting of
the fuze 1s 1ncreased. 1In other words 1ts magnitude will be
some function of the time setting. It wlll therefore be deslgnat-
ed as the "time setting component" of the total dispersion. There
are several cezuses which are known tc contribute to this compcnent.

It 1s known that the "time setting component" of the total
dispersion 1s a function of the following quantities:

Quantities Affecting Symbol
Time Setting Component

Time of flight ; o . t
Heterogenelty of materials . ‘ | h

and loading conditions
Spin of the projectile ' , ®

Pressures in various parts of
the trajectory*

Timee during which the pro- tis, tzy, B ooty
Jectile lies within the various -
parts of the trajectory#*

Of course there may be other unknown factors which con-
tribute thelr share to the "time setting component" of the time
dispersion. . v

Using the notation given above, the 'time setting componentt,
T, may therefore be expressed as follows:

= f(t,h,m,pl,pz . pn, t1t2 L2 N ] tn)

It 1s evident that thls must be an extremely complicated
function. The available data are too meager to permit an-
attempt to define the function even approximately. Although
it is impractical to give it & definite functional form, we
do know something about the functional relationships 1nvolved
when all of the independent variables except various ones are
kept constant.

® For convenience the trajectory is considered to be divided up into
n parts. )



Regarding the effect of spin, we know in a general way,
for instance, that as the spin is increased up to about
10,000 r.p.m. 1its effect 1s to reduce the time dispersion to
some extent. As the spin 1s increased above about 22,000 r.p.m.
its effect is in the opposite direction producing marked increases
in the time dispersions. The lcwest time dispersions are ob-
tained when the spin 1s between about 10,000 r.p.m. and about
22,000 r.p.m. ;

When the atmospheric pressure under which a powder train
time fuze burns is decrcased below a certain 1limit the burning
time and the time dispersion for any glven time setting are
increased. Past experience indicates in a genecral way that
this effect 1s negligibly small so long as the atmospheric
pressure along the trajectory 1s greater than sbout 0.70 to
0.80 atmosphere. As the pressure decreases below this value,
its effect on the time dispersion increases gradually and be-
comes much more nmarked when it falls below 0.5 to 0.6 atm.

The "time setting comoonent" of the totzl time dispersion
which is obteined under the most favorable firing conditions,
namely, when the spin is between about 10,000 r.p.m. and about
22,000 r.p.m. and the pnrescure alongz the trsjectory to the point
of burst is always greater than about 0.8 atm., can then be con-
sidered to be due to the heterogenelty of materials and loading
conditions.

We shall shortly proceed to consider the dispersion results
obtained in recent (1935 and 1936) firings of the A. A. Time Fuze
Mk III. Before doing so, however, we mention the reascns why
we are Interested in the results obtained in these particular
firings. ;

When the war-time stocks of meal v»owder for lcading into
the time trains of time fuzes had been used upn, great difficulty
was experienced in procuring meal powder suitzble for this
purpose. After a considereble amount of experimentation it was
believed that the powder represented by the American Powder
Mills' lots 880, 881, and 282 wes the most sultable for the
purpose that could be had. It was then decided to adopt as
standard, powder having the characteristics- of these powders;
the sultability of the powders subsequently submitted to be
determined by performance tests which would insure as preclisely
as practicable that the powders zccepted would have burning
characteristics in every way equivalent to those of the lots
mentioned above. ©Such powders are to be loaded into time rings
according to the practice that has been developed at Picatinny
Arsenal.
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A considerable number of fuzes were loaded with powder
that is a blend of lots 280, 221, 882 referred to above and
sent to the Proving Ground for firing tests. The fuzes were
inserted into the 3" A. A, Shell Mk IX and fired at a velocity of
2800 ft/sec. from 3" guns having a twist of rifling of 1 in 40%,
Beceuse the fuzes were loaded with the standard powder composition,
we are especially interested in the results obtained. For con-
venlence, we call the fuzes so loaded the Standard Mk III Fuze.

The firings made with these standard fuzes consist of the
acceptance tests of lots 1355-11 to 1355-25 inclusive, lot 4264-1,
lots 52%6~1 to 6 inclusive, and the experimental Tlrings dirccted
by 00 £471.812/3616 (APG L71.221/172-¢

The results of the firings of the Standard A. A. Time Fuze
Mk III are given in table I on ». 16. This table gives for -
the various firings the mean time of flight, the standard
deviation, the mean deviation, ané the maximum dispersion or
bracket. While these different measurements of dlspersion are
given in Table I, for the remcinder of the report we shall concern
ourselves chiefly with the stendaerd deviation since, as is pointed
out in APG Ballistic Laboratory Report Ne. 63, the samnle
standard deviation affords the rnost reliable estimate of the
dispersion characteristics of the 'population' from which the
samples are taken. ' ‘ '

Analysis of Experimental Results.

The averages of the standard deviations are given in
Table II which is Table IV of Ranort No. 63 entitled "A Study
of the Statistics and Methods of Rating the Performance of
Time Fuzes'. ‘ -

As was stated on page 1, the object of the analysis of

these firings of the standard A. A. Mk III fuze is to provide =

basls for setting dilspersion limits in the specifications. To
permit firings under as wide a variation of cloud conditions as .
possible, the dispersion limits should be set not merely for a
few combinations of fuze settings and times of flight but rether
as a continuous functicn of the elevation for a number of fuze
settings. With this end in view, we seek to obtain the dis-
persion of the standard fuze as a function of the elevation at
various constant fuze settings. If the dispersion, D, is a
function of the fuze setting, s, and the elevation, 9, so that

D = f(s,0) we shall attempt to obtain D = £(0), at various
constant s's. The values of s for which we obtain these functions
will be 10, 15 and 20 sec. Thus, more exactly we wish to obtain
the following functions: -

* A few rounds were also fired from a gun with a 1/25 twist.
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As indicated by the subscripts, the functions fi,, f15 and
fo09 are in general different from each other.:

f10(0
f15(0

In obtaining the functions, f, we attempt to satisfy two
conditions: (1) the functions, f, must be consistent with the
general theoretlical results which are given in the precedling
pages and (2) the functions must be consistent with the
empnlirical results which are given in Table II.

Since, in the present lnstance, 1t may be plausibly
assumed that the spin 1s constant and also that the effect of
the heterogeneity of the materisls and loading conditions
should be practically the same for all elevations, the only
influence which should affect the form of the functions, f, is
the varying pressure on the fuze.

Since it appcars to be 1mpracticar to attempt to consider
the various pressures in the different perts of the trajectory,
as a first step in the enelysis, we proceed to obtaln the dis-
perslon as a function of the mesn atmospheric pressure on the
fuze*, The mean pressure, p, 1s defined by the following

equation: S
:-ﬁzv\‘.&%;t_,

where p 1s the pressure at any time, t, 2long the trajectory.

As a first step, we determine p as a function of the
elevation for the 10, 15, and 20 sec. fuze settings. By the
aid of the trajectories of the 3" Mk IX shell for the velocity
of 2800 f/s, p, has been computed. The results are shown in
Chart 1, on which p is plotted as a function of the elevation
for 10, 15, and 20 sec. fuze settings.

By the aid of results given in Chart 1 and the mean standard

uk deviations given in Table_II, the mean standard deviation is
 plotted as a function of p. The results are given in Chart 2.

The circles represent all the dispersion results given in Tsble II.

* Tor this analysis to be complete, we should of course include the
dynamic as well as the static pressure but in view of the extra labor
which this would entall, we neglect the dynamic contribution to the
pressure on the fuze,



The centers of the circles represent the average standard
deviations for the glven fuze settings and elevations and the
radil of the circles are the estimated probable errors of

the average standard deviations.

The radii were computed as follows:

The mean population standard-deviations as estimated from

10 round groups for various fuze settings and elevatlons are
glven in Teble II. The ratio cof the standard devistion of the
estimated population standard deviation to the population stand- -
ard deviation for a single 10 round group as obtained from
Table ITI of report 63 is .239. This enables us to compute the
standard deviation of the estimated population stendard
deviation based on a single 10 round group. Let this be called

o Then if the standard deviatlon of the estimated
population standard deviztion bssed on the mean of k 10 round
groups 1is deslgnated byd} it can be showvn that '

0= = c&ﬂo
O =
YK

For a normal distribution*, the prcbable error, &, 1l.e..
an error which is as likely as not to be exceeded, 1s glven by

e = .675 x pop. stand. deviation,.

This enables .us to compute the probable error, &, of the estimated
populatlion standard deviation based on k 10 round grouos by the
elation.

_ 67497,

From chart 2, it apovears that on the whole, the correlztion
between the mean standard deviation and the mean pressure is ex-
cellent. In fact, the representstive curve drawn through the
plotted points comes, with one exception, as close to the centers
of these points, on the average, as one would exvect in view of
the probable errors of the points. The excepticn is the point
for L5° elevation and 15 second fuze setting. The center of

-the circle for the L5° elevation and 15 sec. fuze setting is

* The distribution of the standard deviations obtained from 10 round
groups is not exactly normel, but is nearly enough so that the factor
.675 i8 not greatly in error, especially when we deal with the average
of several groups. .



distant from the curve by about L probable errors. Such a dis-
crepancy would be expected to occur for one point in about 100,
and the total number of points 1s only 9. This.discrepancy seems
a serious one. An attempt will be made later to explain it.

While the curve on chart 2 represents all but one of the
observed dispersions as closely as might be expected, to test
further the adequacy of the assumption that for the firings of
the 3" gun with a twist of rifling of 1 in L0 and veloclity of
2800 f/s the mean standard deviation is a function of the mean
pressure only, the observed mean standard deviations were plotted
agalnst the mean time of flight in chart 3. On this chart were
also placed curves of constant elevation as deduced frcm charts 1
and 2. It wlll be noliced ihat the curves which sre bhased on
chart 2 represent the observed points in a very satisfactory
manner with the exception of the L5°, 15 sec. point which has
been previously referred to. It will also be noticed that the
forms of the eurves on plot 3 are consistent with the considera-
tions given in the discussion of the factors affecting the dis-
persion of time fuzes on pp-2,3. In the case of the 30° firings,
there 1s a very appreciable ignition component of the standard
deviation, about .053. Furthermore for the 30° firings, where
the mean pressure p is high, there is very little increegse in
the dispersion as the time of flight increases. On the other
hand as the elevation is increased, the rate of increase of dis-
persion with time of flight increases more and more rapidly. This
increase in the rate of increase in dispersion as the time of
flight increases is doubliess due Lo the reductlon in &ir presSsure
and the elevation is increased, with a given time of flight.

Anomalous Results Obtzined at L5° Elevation and 15 sec.
Fuze Setting. : ‘

As was pointed out on page 7 “the mean standard deviation
obtalned from the firings at .5° and 15 sec. fuze setting differs
so considerably from the standard deviation given by the curve
as drawn on chart 2 that i1t is rather unlikely that the discrepancy
is due to chance. An examination of chart 3 makes it even clearer
that the results obtained at L5° elevation and 15 sec. fuze setting
ere inconsistent with the other dispersion results. While there
1s of course a possibility that this anomalous result may be due
to chance, the likelihood 1s so smell that 1t seems expedient to
seek some other explanation of the discrepancy. There eppear to
be two possible ones:

Either the fuzes which were fired &t this elevation and
fuze setting differ distinctly in quality from the rest of the
fuzes or else the measurement of the times of flight of these
fuzes was inaccurate. Of these two explanations, the latter
seems to be the more plausible one. In the measurement of these
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~times of flight, the fuze chronograph was not used. While the

precision obtained with human operators of stop watches and
electric clocks has, on the whole, been satisfactory there is
always a possibility that due to unfavorable weather conditions
considerable inaccuracies may creep in to the time of flight
measurements.

The individual results obtained by the timers for all
firings at L5° elevation and 15 sec. fuze setting are given in
the attached Table III.

It is clear from the considerable dispersions between
timers and from the number of rounds which are marked lost
that, during some of these firings, conditions must have
been unfavorable for accurate timing. The hypothesis is therefore
tentatively adonted that the anomalous results at L5° elevation
and 15 sec. fuze setting are due to inaccurate timing. The
results obtained at this elevation and fuze setting will therefore
be disregarded.

Recommended Dispersion Limits

As was stated on page 1, the chief object of this report is
to draw up dispersion limits to be used in the specifications of
the A. A. FTuze Mx III. TInasmuch as the A. A. Fuze Mk III, loaded
with powder lots 220, 231, 822 1s taken to be the standa rd fuze,
it follows that the limits should be set in such & way as to in-
sure with as great & precision as 1is practlcable, that the fuzes
accepted under the specificeations shall not be inferior in cuality
to the standard fuze. Inasmuch ss the most important quelity of
the fuze, the dispersion, cannot be accurately measured by a
small number of rounds, it follows, in setting disnpersion limits,
that we cannot hope with certainty to cause the rejection of fuzes
inferior to the standard fuze because if this were done, there
would be a very considerable probability of causing the rejection
of fuzes which are as good as or superior to the standard fuze.
Thus the adopted dispersion limits have to be a compromise.

They should discriminate as effectively as possible between

good and inferior fuzes without 1nvolving the expenditure of

too large a number of rounds. Before making concrete recommenda-
tions for the dispersion limits of the Mk III fuze, we consider
the limlits which have been used in the past for the combination
fuze Mod, 1907 and the A. A, Fuze Mk III.

The upper limits for the total dispersion of the powder
train fuzes as given in past specifications are as follows:



(]

-

¥

21 Sec. Combination Fuze Model 1907

Specifications of Apr. 6, 1917..0.2 sec. + 3.5% of time setting
" " Apr. 12, 1918..0.4 sec. + 1.0% of time setting

A. A, Time Fuze Mk IIT

Specifications up to Apr. 26, 1930 .. 0.3 sec. + 5 1/.% of mesn
. time of flight._

It may be seen that the specifications allowed for an
ignition component of the dispersion. It will be noted, however,
that in the specification requirenments just quoted the firing
conditions (oJLn and atmospheric pressure) are not specified,
nor are allowances made for the effects of variations in theoe
conditions.

When these requircments were established the 21 Sec.

“ Combination Fuze Model 21927 was used almost exclusively

on shrapnel fired from the 75 mm Gun Merdel 1997 against

targets on the ground. Under these conditions the spin is

about 17,2800 r.o.m., and the mean effectlve atmospheric pressure
along the trsjectory 1s always well above 0.9 atmospheres. The
firing conditions therefore were such that the possible variations
In them had little or no effect on the time dlspersions snd

the manmner in which the limits on the "time setting component"

was expressed seems to be logical.

The A. A, Time Fuze Mk III on the other hand was, at the time
the above 1limits were established, being fired from the 75 mm
Gun Model 1897 on A. A. Truck Mount and from the 3" A. A. Guns.
When fired from the former gun 1t was glven & spin of about
17,.00 r.p.m. and when fired from the latter 1t received 2 spin
of about 24,900 r.p.m. Furthermore these guns were fired at
such elevations that the mean effective atmospheric pressure
along the trajectory varied from more than 0.9 atm. to less
than 0.75 atm. It seems, therefore, that the manner in which
limits for the "time setting component" of the total time
dispersion of this fuze was exoressed was not logical. We -
believe that in setting the limlts for the time dispersions of.

‘powder train time fuzes which are to be fired from guns which e

give them different spins and at high angles of elevation the
effect of spin and the variation of the atmospheric pressure
along the trajectory should be duly recognized.

10
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From the results shown on plots 2 and 3, it appears that
we have succeeded in obtaining a satisfactory means cof
calculating the dispersion of the standard Mk III fuze when
fired at 2800 f/s from a 3" gun with a twist of rifling of
1/4,0, for fuze settings varying from 10 to 20 sec. and for
the elevations from 30° up to 75°. Since these fuzes which
are loaded with powder from lots 280, 881, 822, are considered
the standard fuze on the basls of which the specifications for
the fuzes which are to be manufactured, are to be written, it
follows that the limiting standard deviations which are allowed
in the specifications should be a certain ratio of the dispersions
given in plots 2 and 3. ‘

In Report No. 63, it was recommended that there be two
sizes of samples, a 20 round sample used for both test and
retest of the first lot of a contract and in retests of lots °
subsequent to the first lot, and a 10 round sample to be used

" for the first test of lots subseguent to the first lot. It

is recommended in Report N¥o. 63 that the dispersion limits be -
set in such a way that if a lot of fuzes has a quality equivalent
to that of the standard Mk III fuze, then the chance that a 20.
round sample of the lot will fzil to pass the test will be 1 in
50 and the limits should be so set that the chance of rejection
for a 10 round sanmple will be 1 in 20. If this recommendation
is followed, the ratio of the limiting standard deviation to

the mean standard deviation of the standard fuze should be set

at 1.1 botily for the 10 rouwd semple and the 20 rouna sample.
(See Report No. 63 p. 10). '

Chart 4 has been drawn showing the mean standard deviation
of the standard fuze azs a function of elevation for 10, 15 and
20 second fuze settings snd the recommended maximum permitted

‘standard deviations for the 10 and 20 round samples.

To put the recommended maximum permitted standard deviations
in a form more convenient for use in the specificatlions, Table
IV has been constructed by the aid of the curve in Chart 4.
Table IV on page 23 shows the recommended maximum permitted
standard deviations &s a function of the elevation for the 10,
15 and 20 second fuze settings.

No maximum permitted standard deviations much greater
than .2 of a sec. are given in the table for two reasons (1)
because it 1s believed that when the standard deviation is
greater than .2 of & sec. the effectiveness of the fuze 1s very
much reduced and (2) because ..~ o»ur knowledge of the standard
deviations of the fuzes for standard deviations greater than .2
of a second 1s relatively inaccurate.

It will be noted that the limiting standard devistions
are given in Table IV to thousandths of a second. This may
be considered surprising 1n view of the fact that in case the

- fuzes are timed by stop watches of the ordinary type the time

of flight cannot be measured more closely than to the nearest
hundredth of a second. The thousandths of a2 second are retained
because, although the individual times of flight for the fuze
may be expressed only to a hundredth of a second, to eliminate

11 A
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the thousandths place in computing the mean time of flight &nd
the standard deviation would involve an appreciable change in
the chance of a fuze's being rejected. Suppose for example
that In the maximum permitted standard deviation for 35°
elevation and 10 sec. fuze setting we round off .115% to .12;
then 1t can be shown that the chance of failure in a 10 round
group will be reduced from 1 in 20 to 1 in 23 and in a 20 round
group from 1 in 50 to 1 in 125 while the chance that a fuze
having twice the disversion of the stendard fuze will pass the
test of & 10 round sample will increase from 1 1n 10 to 1 in 7.5
end the chance that it will pass the test of a 20 round sample
will Incresse from 1 in 70 to 1 in LO.

These are the consideraticns by which the retention of

““the thousandths place in the maximum permitted standard deviation

1s Justified.

Dispersion Results Estimated using Msximum Dispersion or
Bracket instead of Standard Deviation. -

In view of the fact thet in the past the limiting dis-
persions have been stated in terms of nmaximum dispersion, total
dispersion, or bracket, it wee thought worthwhile to plot the
results obtalned with the stendard fuze when the dispersion
estimates are made by means of the bracket. This plot
constitutes chart 5. Chart 5 shows the bracket vs. the elevation
for various fuze settings s obtained from the tests of the
standard fuzes. There are also some other curves which are so
drawn that the chance that the bracket will be exceeded in a 10
round group of the standard fuze 1is cne 1n 20%. Thus in a certain

. sense these curves nmay be sald to correspond to the limiting

standard deviation curves which are drawn on plot 4. However,
as was pointed out in Report No. 63, the use of the standard
deviation will enable us to compute the dispersion of the fuzes
more accurately and therefore the use of the standard deviation
i5 much to be preferred to that of the bracket when the groups
have as many rounds as 10 or more.

+ When the report was first written the figure was ,115., During revision
it was chsnged to ,116, The alteration does not affect the force of

the argument.

* ThQ points for these curves should have been obtéined by multiplying the
corresponding points of the mean standard deviation curves by 4. 48 = 4,85,

oo

.923
By mistake, the factor 4.80 was used ihstead of 4.85. The difference is
hardly apprecieble,

12



Precision of time of flight measurements.

It 1s of course obvious that one can not expect the
fuzes tested for acceptance to meet the rather strict proposed
specifications unless the times of flight are accurately
measured.

At the Proving Ground,during the lsst few years, a great
deal of attention and care hes been centered upon obtaining
sccurate measurements when using electric clocks and stop
watches. In spite of this care, however, 1t appears, as
mentioned on page 9, that some of the measurements which
have been mode of the timeg of flights of the stendard fure
have not been reliable. As long zs great care is taken to
obtain accurate measurements of the time of flight, as is
normally done at the Proving Ground, it 1s probable that
sufficient precision for meesuring the dispersion of time fuzes
will be obtained even if the measurements are made in the day-
time with electric clocks or stop wetches. Of course greater
precision would be obtained 1f the timing were done on clear
nights or if 1t were done elther in the day-time or night time
by the photo-electric fuze chronograch. If the timing were to
be done during war time by stoo watches at some newly established
proving ground, it appears doubtful whether the day time
measurements would be of cufrliclent precision to prevent the
gcclidental rejection of goed fuzes. It therefore seems
cxpedient thot ot such estelliishments the timire should be done
either at night by step watches snd electric clocks or pre-
ferably by the photo-electric fuze chronograph.

Although as has been said, under favorable circumstances,
the precision obtained with the stop watches is sufficlently
good for the purpose of measuring the dispersion in the time
of flight of fuzes, 1t appears to be insufficlent for accurate
callibration measurements. I1f accurate calibraticn measurements
are to be made, 1t appears that the photo-electric fuze
" chronograph (or some other automatic apparatus) will have to be
used for that purpose.

We may regard the error, E, mede by a given operator of
a stop watch as composed of two terms; the first Eg, the
determinate error, 1is approximately constant at least for given
conditions of firing and the weather, and 1s mainly due to the
reaction and response time of the operator. Added to thils
there 1s an accidental error, Ez, which may be positive or
negative, which is due to the unavoldable and unpredictable
variations in the reaction and the response time of the observer.

13
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As has been polnted out in the preceding pages, the accidentel
part of the error, E;, 1s small enough, at least under favorable
conditions, when the greatest care is used, to permit fairly
accurate measurements of dispersion in the time of flight of
powder train fuzes. On the other hand the determinate error

Eq 1s so large and so variable from day to dey and from observer
to observer that it renders the accureste determination of the
mean time of flight impossible from stop watch measurements.

As the result of comparative tests with the fuze chronograph,
1t apvears that Eg may vsry from -.0/ to +.12 prcducing a totel
time of flight variation of .2 cf & sec. It thus appears that 1if
the times of flight are measured by human operators, the mean
time of flight may have an error as great as +.1 sec. To provide
accurate calibration measurements of the fuzes a more accurate
Instrument than the stop watch, such as the photo-electric
chronograph or motion picture camera 1s required.

A report, No. 69, is being written discussing the precision
of the time of flight mezsurcments by stop watches and electric
clocks.

Calibretlon of the Fuzes

In this report there heve been proposed no calibration
requirements for the specificestions. VWhile 1t is highly desir-
able that the specificzticns contain such requirements, it
appears to be impracticsble to draw them uo at the vresent
time because during the past tests of the standard fuze no
account has been taken of the varistions in air pressure from
normal nor of the temperature of the fuze before firing &nd
while moving along the trajectory.

: Furthermore the mean time of flight measurements obtained
with electric clocks and stop watches seem tc be insufficiently
precise. In the future, consideration of these previously
omitted factors should be taken into account. If this is done
then data will accumulzte on the basis of which celibration
requirements may be written for the specifications.

]
Resume

1. The factors influencing the dispersion of powder train fuzes
are discussed. It 1s pointed out that, among other factors,
dispersion is influenced by the heterogeneity of the powder and
loading conditions, by spin, and by the alr pressure on the
fuzes. .

2. The empirical results obtazined with the standard A. A. Fuze

Mk III are analyzed. It 1is shown that the assumption that the
dispersion depends only on the mean pressure appears to account

14



satisfactorily for most of the observed results and allows
calculation of the dispersion at any desired elevation and fuze
setting within the elevation - fuze setting domain of the firings
of the standard fuze. :

3. On the basis of the observed dispersion of the standard fuze
maximum permitted standard deviations for the specifications
are set down.

L. It 1s pointed out that unless great care 1s tzken, or the
photo-electric chronograph 1s used, the time of flight measure-
ments will be unsatisfactory s far es dispersion mecasurements
are concerned. For accurate callbration mesasurements, the
photo-electric fuze chronograph or some other automatic apparatus
is required. ‘

5. It is pointed out that there are insufficient data for
setting up calibration requirements. Further firings under
carefully measured conditions are reguired.

The authors of this report are indebted to Mr. Ruckman
and Miss Mark for assistance in the computations. »

;L’”’/
- H. Hy Zornig 7 )

Approved:

e

Lt. Co}l{, Ord. Depnt.,
Chief Research Division

- Wenk

H. Xent

= 2R
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Table I i DATA

Tabulated Results of Tests of 3 Inch A. A. Time Fuzes Merk IITI A2 made with Bléends of Powder
Lots 880, 881, and 882. Fuzes Armed the 12.7 Pound Mark IX Shell Fired at 2800 f/s.

No. Rounds Average Mean Standard Method
Lot No. in Group Burning Time Bracket Deviation Deviation of Timing
10 Second Setting, 30° Elevation, 1/40 Twist Gun:
5286-5 13 8.67 0.22 0.05 0.056 Fuze
-6 10 g.72 0.31 0.08 . 0.08 Chronogranh
-6 9 8.76 0.21 0.03 0.08 n
10 Second Setting, 60° Elevation, 1/40 Twist Gun:
1355-11 10 9.51 0.67 0.18 0.20 Stop Watch
-12 10 9.73 0.48 0.11 0.13 n
-13 10 9.54 0.8 0.10 0.13 n
-1 10 9.09 0.30 0.07 0.09 "
~-15 10 9.97 0.53 0.11 0.14 - "
-16 9 9.56 0.23 0.09 0.11 n
-17 10 9.66 0.40 0.10 0.12 |
-18 10 9.70 0.51 0.13 0.15 n
~-19 ‘ 10 9.66 0.64 0.11 0.16 n
Retest(" 10 9.63 0.41 0.12 E 0.14 n
n 10 9.56 0.44 0.10 0.13 n
-20 10 9.67 0.36 0.11 0.12 ‘ "
-21 10 9.67 0.32 0.09 0.10 , n
C =22 10 9.54 0.33 0.08 0.10 "
-23 . 10 9.56 0.324 0.10 0.11 n
=24 10 9.49 0.40 0.09 0.11 n
-25 10 9.66 0.12 0.04 0.05 "
4264-1 10 9.97 0.37 0.12 0.13 n
5286-1 10 9.74 0.66 0.16 0.19 n
-2 10 9.61 0.36 0.09 0.11 n
-3 10 9.81 0.33 0.10 0.12 n
-4 9 9.73 0.30 0.07 0.08 Fuze Chron.
-5 9 9.6 0.49 0.14 0.16 1
-6 6 9.78 0.11 0.03 0.04 n



Table I (cont'd)
10 Second Setting, 75° Elevation, 1/40 Twist Gun

No. Rounds Average Mean Standard Method
Lot No. in Group Burning Time Bracket Deviation Deviation of Timing
1355-11 10 9.69 0.61 - 0.13 0.17 Stop Watch
-1/ 9 10.23 : 0.2 0.09 0.11 LI
-17 10 9.68 0.45 0.11 0.13 n
-20 10 9.98 0.64 0.13 0.18 "
-23 10 9.70 , 0.23 0.08 0.09 n
L264-1 10 _ 10.18 : 0.26 - 0.07 0.08 "
5286-1 10 9.94 0.30 0.05 ~ 0.06 n
o -4 - 8 9.96 0.51 0.14 0.16 Fuze Chron.
3
. 15 Second Setting, 30° Elevation, 1/40 Twist Gun
£5286-5 10 13.72 0.2 0.08 0.10 Fuze
~5 11 13.82 0.41 0.11 0.12 Chronograph
-6 10 13,78 0.27 0.06 0.07 "
15 Second Setting, 45° Elevation, 1/40 Twist Gun
1355-12 10 15.14 0.73 0.18 0.21 Stop Watch
-15 8 15.43 0.62 0.19 0.21 "
-18 10 15.11 0.58 0.15 0.18 n
-22 10 14.82 0.49 0.16 0.15 "
~24 10 14.67 0.72 0.14 0.20 n
5286-2 10 15.18 0.57 0.17 0.18 n
=5 10 14.97 0.31 0.06 0.08 Fuze Chron.
15 Second Setting, 70° Elevation, 1/40 Twist Cun
5286-5 12 16.57 0.79 0.16 0.21 Fuze
-6 10 16.42 0.62 0.17 0.21 Chronograph
"

-6 9 16.40 0.24% 0.07 0.10
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TABLE II

Summary of 21 second A.A. Mark III A2 Fuze
Firings from Jan. 1, 1935 to Oct. 1, 1936

Gun Flev. Fuze No. =~ Mean Aver~ Est. Metheod

Twist deg. Setting of Time age Popu- of
sec. 10 of Stand- lation Timing

R4. Flight ard Stand-
Groups sec. Dev. ard
sec. Dev.

sec.

1/40 30 10 3 8.712 0.07. 0.020 Fuze chronograph
n 30 15 3 13.777 0.097 0.105 " "
" 30 20 A 18.983 0.090 0.097 n "
" L5 15 7 15,06 0.173 0.187 Stop watch
n L5 20 9 21.20 0.17.% 0.189 LI "
n 60 10 23-1/2 9.62 0.122 0.1322 ", n

" 70 15 3 16..70 0.171 0.18%6 Fuze chronograph
" 70 20 3-1/2 25.189 0.253 0.27. n "
n 75 10 8 9.92 0.122 0.132 Stop watch
19 10.45 0.475 0.515 " .om

1/25 60 10

# Average of elght groups. First test of lot 1355-19 was
eliminated because of poor timing of timers.



TABLE IITI

Time of Flight Measurements at 45° Elevation and
15 Sec. Fuze Setting

Lot No. Rd. No.
1355-12 2198

R Rete)
LT

2200
2201
2202
2203
2204
2205
2206
2207

Lot No. Rd4d. No.

1355-15 2276

2277
2278
2279
2280
2281
2282
2283

Lot No. R4. No.

1355-18 2340
2341
2342
2343
R3LL
2345
236
2347
2348
2349

Results of Individual Timers
(Stop Watch)

Thompson Barr

15054
15.14
15006
15.16
15.01
1..96
15.00
14.98
14.73
15.00

Barr

16.26%
15.72
15,42
15,11
15.15
15.13
15,20
15.24%

15 QL7
15..2
15.61
1..95
14-93
14.96
15.06
14.73
14.97

Atkinson

- 17.12b
15.59
16.01"
15.1/
15.33
15 037
15.2/
15.68

Pe
15.

r
S

15.
15.
15.
15.
15.
15,
1L.
15.

Burns
15,

15.
15 . 1.&’4»

10
15

15.

15

15.

15

ck

70%

/
iy

L8
32
10
02
03
25
20
03

61
50

.23
56%
«25
52
.61

Sentman Atkinson Stahl

1..87
15.17
15.32
15.19
15.10
15.36
1..85
15.02
15.17

14,.98
15.05
15.2%
15.16
15.35
14.99
15.40
14.75
14.96
15.16

# not used in figuring average.
marked late by observer and not used in figuring average.

20

1
1
1

L.98
5.07
5.24

15.14

1
1
1
1
1
1

5.40
5.07
5.50
4.83
5.00
5.17

Stahl

15.
15,
15.
15.
15.
15,
15.
15.
14,
15.

L7
Za
LR
26

09

07
12
17
79
00

 Stanl

16.
15.
15.
15,

04
54

Average

15UL9
15037
15.39
15.20
15.04
15.00
15.03
15.12
14.76
15.00

Average

15.83
15059
15.21
15,26
15026
15.32
15063

Average

1..91 (hang fire
15.07
15.25
15.13
15.38
150010
15.38
1..20
14.98
15.16



" TABLE III (CONT'D.)

‘Time of Flight Measurements at L5° Elevation and
15 Sec. Fuze Setting

Results of Individual Timers
(Stop Watch)

Lot No. Rd. No. ©8entman Atkinson ©Stahl Burns Average

'1355-22 2570 14.79 1.76 14..61 1.L.61 1..69
' 2571 15.05 15.18 15.17 15.03 15.11
2572 1/..62 14.72 1L.72 1L.60 12.67
2573 1L.75 1.72 1L.72 1L.55 1..69
257L 14.95 1..86 14.90 1..81 1..88
2575 15.00 15.01 15.09 14.86 14.99
2576 14.92 14.96 14.97 1.4.86 1/.93
2577 14.72 14.76 14.77 14.70 1L.74
2578 14.87 14.82 14.87 14.58*% 1L.85
2579 14.63 14.58 14.6L 14.35% 14.62

Lot No. Rd. No. Barr Stahl Thompson Sentman Average

1355-24 2702 14.57 14.55 14.54 14 .78% 1L.55
2703 14.59 14.60 1L.57 14.67 1..61
2704 14.26 14.27 14..26 = 1L.36 14.29
2705 1.82 1.9 1L.79 14.92 14.26
2706 -14.54 1L.64 1L.6L 1..69 14.63
2707 14.84 14.90 14.85 14.93 1/.88
2708 14.55 1..56 14.55 14.65 1..5%
2709  15.01 15.00 15.01  15.03 -15.01
2710 14.L7 1L.54 14.53 14.70 1L.56
2711 14.70 14.73 14.71 14.87 1L.75

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

5286-2 318 15.52 15.20 15.80L Lost 15.36
319 15.26 Lost 15.36 15.36 15.33
320 1/.9% 1.92 15.00 15.07 1..99
321 14.99 15,01 14.96 15.11 15,02
322 15.32 15,28 15.18 15.32 15,28
323 15.33 ° 15.15 15.21 15.21 15.23
324 15.50 15..8 Lost 15.60 15.53
325 14.93 15.00 14.98 1.,.93 1..96
326 14.96 15.02 1..91 15.09 15.00
327 15.06 15.05 15.16 15.11 15.10

* not used 1in figuring average.
marked late by observer and not used in figuring average.
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TABLE III (CONT'D.)

Time of Flight Measurements at 45° Elevation and
15 Sec. Fuze Setting

Results of Individuval Timers

(Electric Clock) Stop Watch
Lot No. Rd4d. No. 8Stahl Durham TWombly Peck Average Barr
5286-5 125  15.09  14.8, 15, 03 15.11F  12.99 1..82
126 ©.14.79 14.69 15.1.L 15.20L  12.72 14.85
127 1..91 15,02 - 15,200 17,29 1/..9/. 1/.93
128 15.12L 1.4.95 15.69L 15.00 14.99 15.03
129 Lost 1..90 15.08L 14.96 14.93 15.09
130 15,00 15.1.L 15.53L 15,05  15.03 1/.98
131 1..99 1..99 15.31L»;15.05 + 15.01 15,00
132 14.99 14.95 15.13L 15,01 1..98 1Z.95
133 15.01 15.05 15. 13L 15.12L 15,05 15.01
134 15.02 14.97 15.03L 15.05 = 15.01 1.91

* not used in figuring average. : _
L marked late by observer and not used in figuring average.
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TABLE IV

Recommended Maximum Permitted Standard Deviation

Angle of Maximum permitted standard deviation
Elevation Fuze Setting Fuze Setting Fuze Setting
degrees 10 sec. . 15 sec. 20 sec.
30 104 - 125 140
35 16 ' 144 165
L0 .128 16/ .193
.5 11 .125 223
50 154 .206 -
55 .168 227 -
60 .180 - -
65 .192 . - ' -
70 .202 - -
75 .209 - -
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