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Approved by: \\ALAAJM     Vi\~ ^&lM 
Russell HcGill, Chief 
Explosives Properties Division 

ABSTRACT: The effect of e few of the various factors which Influence 
the apparent sensitivities of explosives to Mechanical Impact have 
been Investigated. These factors include variation in percent of 
kinetic energy available to the ssaple at various distances of fall 
and with various Machines. The apparent sensitivities vary with 
basis for deciding whether or not each fall of the weight caused 
an explosion. Explosion say be detected by sound or by measuring 
volume of gas evolved. The electronic noiseaeter is described 
in detail. The Method of preparing the sample end Its slse also 
affect apparent sensitivities. This Is discussed. Data from various 
sources is collected and Included in this report to present an 
Introduction to more recent work end to provide a collection of data 
in one source for reference purposes. 
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The result« of investigations of rectors tffectlng impact 
sensitivity results have been collected. The contribution« by 
Dr. 8. J. Jacobs of the discussion of the electronic noise indicator 
and of Appendix I, "The Electronic Boise Indicator for the Lspaet 
Machine", are acknowledged. Mrs. 8. F. Duck and Mr. 0. V. Reynolds, 
Physical Science Aides, operated the Impact aatthlnes during the 
course of this work. Their patience and attention to detail 

I       contributed much to the accomplishment of this investigation. 
This investigation was authorised by task assignment C2c-23-1-5%. 
The report Is issued for Information aal;? and is not intended 
as a basis for action. 

EDWARD L. WOCDIARD 
Captain, UBIi 
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FACTORS AFFEUTIHG THE BEHAVIOR OF EXPLOSIVES TO MECHANICAL SHOCK 

Introduction 

The investigation of the eeneitivity of explosiv«« to ignition 
by mechanical shock, a« produced by the drop of a hammer, has shown 
that these materials can be arranged in a general order of behavior, 
the so-called Impact sensitivities. This general order is thought 
to be of practical value in regard to handling of various explosives. 
The position of an explosive in this order is thought to reveal its 
military possibilities relative to safety inasfar as general handling 
is concerned. The method of testing is very important as slight 
variation in the construction of an Impact machine, its tools, 
strikers and anvils, may change the apparent order of sensitivity 
of explosives. Studies of the variations in tool designs are 
covered in reference (a) with reference to the following qualities 
sought in each design: 

(a) Ability to test all the military explosives 

(b) Simplicity and stability in operation 

(c) Reasonable sensitivity ordering (as related to other 
experience) 

Apparatus 

The major part of a drop test machine consists of the mechanism 
for ärcfppißg a weight through a chosen distance upon appropriate tools. 
The main requirements for a satisfactory design are: 

(a) Heavy bedding, that is unyielding tool support 

(b) Free fall of weight 

(c) Accurate weight release to introduce a minimal disturbance 
of free fall 

(d) Guides to control the motion of the weight on rebound 

The important parts of a drop test machine from the standpoint 
of the results it will produce are the firing tools. These are 
usually a hardened steel anvil held rigidly on the bed plate by some 
anvil holder and a hardened steel plunger moving in an appropriate 
plunger guide. The details of the tool holders are of no great 
importance. The design of the tools themselves is of utmost importance 

1 
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The HOL machine, received from the Explosives Research 
laboratory, Bruceton, Pa., has a 337 cm drop height and Is «quipped 
vlth "type 12" tools. Briefly reviewing the design of these tool«, 
the plvager is 1 l/V diameter and 3 1/2" high. The top of the plunger 
is slightly rounded vlth a radius of curvature of 2 l/2". The anvil 
on which the sample was tested was also 1 lA" disaster and 1 lA" high. 
The tools have been made from Estos oil hardening tool steel with a 
hardness between 55-60C, Rockwell.  The weight used with this design 
is 2 1/2 kg. In some preliminary tests 1/2 and 1 kg weights have 
been employed. 

Basic Test Procedure and Data Reduction 

The basic unit test employed in this work is the 50 trial 
Applied Mathematics Panel (iDfiC) "up and down" method using test 
heights equally spaced In the logarithm of the height at 0.1 log unit 
Intervals. (The log of a IX) cm drop is taken as 1.0.) The results 
have been analysed by the method of reference (b). The application 
of this experimental procedure and method of analysis to the BRL 
type 12 machine has been described In detail In reference (c). The 
nomenclature and significance of symbols employed in this report will 
conform with those of references {a) through (d) and are briefly 
as follows: 

m - the 50£ explosion height of the normalised (logarithmic) 

h - the 50Jl explosion height In centimeters 

0*- the estimated standard deviation of the parent population 
(in logarithmic units) 

Og - the estimated standard error of m 

6*0.- the estimated standard error of or 

Sample Preparation 

Those materials which are normally cast loaded are prepared 
for test by casting In a thin sheet, gently grinding in a mortar 
and screening. The test sample is a mixture of equal weights of the 
16-30 and 30'30 U.S. standard sieve cuts. This preparation gives a 
sample composed of small cast lumps, large enough so that each 
contained several crystals of all ingredients. Furthermore. 
the packing properties ( per cent voids in the loose sample) of 
all samples were similar, thus ensuring essentially constant -weight 
samples when volumetric loading is employed. In fact the sample 
weights were probably more nearly proportional to the 
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crystal densities of the various materials, which is even better than 
having constant weight samples). 

Other materials which cannot he cast, such as RDX, PETN, 
Explosive D, etc., are normally tested as received. 

Loading 

In routine testing, the sample of explosive, measured 
volumetrlcally by means of a small scoop, is placed on a one inch 
square of 5/0 Armour flint sandpaper which is in turn centered on 
the 1 lA" diameter anvil. For sensitivity comparisons, test 
weighings are first made and scoop sizes chosen so that samples of 
each explosive weighing 35 + 2 mg are delivered. Data taken from 
reference (c) show the dependence of the 505t point on sample weight 
and are given in Table 1. The selection of the Armour 5/0 flint 
paper was made, following investigations at ERL, on various grades 
of sandpaper. It was found that with coarser grades, the apparent 
sensitivity of PETV became lees a-j the particle size of the explosive 
decreased. It is believed that with the coarser grades, fine crystals 
were able to occupy interstitial cavities and were there partially 
protected from the effect of the blow. One factor introduced with 
the use of sandpaper was an apparent sensitizatlon of explosives 
containing large amounts of oxidising materials such as ammonium 
perchlorate and ammonium nitrate. It was shown that this apparent 
sensitization was introduced with any paper square as readily as with 
sandpaper, hence it was concluded that it was the paper - the organic 
material itself which permitted explosions with this oxidizing 
material. In most other cases, the ordering in sensitivity provided 
by these tests seem satisfactory. 

Evaluation 

A. Criteria 

Having dropped weight on a given sample, one must then 
decide whether the result was, or was not, an explosion. Various 
criteria are available, but because of the difference in reactions 
among the various types of tools; the methods of interpretation used 
with each have not been uniform. With certain tool types, a sharp 
crack is usually produced upon explosion to provide a relatively simple 
criterion In the noise developed. In other designs, many partial 
explosions occur and consistent decisions over a long period of time 
and based on the human ear are difficult to make. With cup designs, 
the damage to the cup is a helpful aid in classifying results. 
Signs of burning or decomposition of sample residues have also 
been criteria in many tests. 

3 
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Table 1 

Dependence of Fifty Percent Point on 
Segpl* Weight of Exploelve 

Explosive Sample Wt.  h(cm)   n      c    o», !323 m 

* 
CONFIDENTIAL 

 . 

PETN       20 8.60 0.93*3 0.1796 0.03*7 0.06l* 
30 11.15 1.0*71 0.1719 0.0327 O.O566 
*o 15.11 1.1791 0.0990 0.0199 0.0273 
60 17.66 1.2*71 0.0680 0.01*5 0.0173 
80 21.18 1.3259 O.1326 0.0263 0.0*07 

Tetryl     20 I8.OO 1.2551 0.0855 0.0179 0.0233 
30 21.2* 1.3271 O.I796 0.03*0 O.O602 
HO 23.9* I.379I 0.1766 0.0335 O.O588 
60 33.57 1.5259 0.1192 O.O239 0.035* 
80 38.40 1.58*3 0.06*7 0.01*3 0.0168 

Conp A-3    20 31.85 1.5031 0.0571 0.0127 0.01*8 
30 H5.20 1.6551 0.0822 O.OI7O 0.0218 
HO H9.27 I.6926 0.1237 0.02*7 0.0372 
60 63.23 I.8009 O.O57* O.OI3O 0.0152 
80 71.63 1.8551 0.1127 0.0227 O.O33O 

- 

20 62.03 I.7926 0.28*3 O.O536 0.117* 
30 62.26 1.79*2 0.**83 O.O85O 0.2307 
*0 IO3.IO 2.013* 0.1251 0.02*9 0.0377 
60 U6.85 2.0676 0.2910 0.05*8 0.1213 
80 199.11 2.2991 0.0703 0.0150 0.0180 

20 65.*6 1.8160 0.1559 0.0311 O.0516 
30 66.55 1.9231 O.II77 O.O23I 0.03*2 
*0 85.33 1.93U 0.1250 0.02** O.O369 
60 95.52 I.98OI 0.1*30 0.0281 0.0*51 
80 115.71 2.063* 0.0571 0.0129 o.oite 
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B. Bruceton Development 

The difficulties experienced at the Explosives Research 
Laboratory, Bruceton, Fa., in classifying results of individual 
shots into explosions, partial explosions, doubtful explosions, and 
non-explosions, by operators attempting subjective assessment of 
results of individual drop trials vere so great that only stability 
of results vere made with the type 12 machine rather than qualitative 
results. With an explosive so sensitive that there was no interpretation 
problem such as PETS, some work vas done at ERL, reference (a), which 
showed that even in the absence of Interpretational difficulties, a 
series of 505t heights did not, in general, show as small a variance as 
would be expected from the estimated standard error of m values 
calculated. Accordingly, a phase of study was begun to attempt to 
develop an objective method for evaluating the results of a single shot. 
Briefly stated, the output of a crystal microphone, placed at a fixed 
distance, watt amplified, rectified, and the rectified signal impressed 
on the input of a cathrode ray oscillograph with approximately a 
l/lO second sweep frequency applied to the x axis. The gain was 
adjusted to give about full scale deflections (roughly ID mm measured 
on the film record of the shot) for the bang from 30 mg of PETS, struck 
from 3OO cm. Under these circumstances a similar blow on a 20 ag sugar 
sample gave a "weight-seise" deflection of about 0.6 mm measured on the 
film. For convenience in making "up and down" tests, the rectified 
output from the amplifier was also Introduced into a trigger circuit 
which differentiated between an "explosion" and an "Inert". The pulse 
from the amplifier-rectifier was Introduced in such a fashion as to 
make the grid voltage of an 86V thyratron more positive. The fixed bias 
was set enough negative so that the pulse induced by the weight-noise 
alone would Just fail to fire the thyratron. When an explosion occurred 
the thyratron fired, and a neon tube lit up. This Indicating light could 
be turned off and the circuit reset with a reset switch. 

C. HOL Developments 

The Bruceton explosion indicator was never completely adapted as 
a routine indicating device for impact machine tests. When NOL inherited 
part of the high explosives operations of the ERL, the problem of a 
simple impact machine indicator to replace the human ear was reconsidered. 
Electronically the Bruceton indicator had an excess of circuit components. 
It also was not considered to be as free from sources of variation as 
might be desired. As a consequence a modified noise Indicator was 
developed for use here, reference (c), (see Appendix 1 of this report.) 

Advantage was taken of the wartime experience in the development 
of piezoelectric gages and circuits for measuring blast pressure in air 
and under water. As in air blast gages, the crystal microphone was 
treated as a pressure measuring device. It was coupled into an 
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amplifier followed by a thyratron without using a signal rectification 
circuit, (übe latter was a complication in the Bruceton detector which 
vas really unnecessary for the measurement of peak amplitude of an 
explosion. At Bruceton rectification vas used to arrive at the envelope 
of the complex frequency-time relation resulting from reflections of the 
initial sound pulse on the vails of the room.) The thyratron vas 
triggered when the positive signal resulting from a positive pressure 
pulse exceeded a given preset level. 

The HOL indicator has used another idea borrowed from air blast 
instrumentation. This is the Q-cal.* method of* establishing the reference 
loudness. By this method of presetting the noise indicator all circuit 
elements except the microphone are corrected to a desired signal level. 
Thus, the effect of changes in amplifiers are minimised and a given 
microphone located at a given position in a room with the Impact machine 
should give the seme results with any noise Indicator amplfier to which 
it might be connected. Two microphones can easily be calibrated relative 
to each other far the seme reason. The HOL noise indicator has proven 
its reliability and reproducibility over several years of use. About 
four years ago a barium titanate ceramic microphone vas substituted for 
the Rochelle salt crystal originally used. With the change In microphone, 
a study found In reference (d) vas undertaken to establish the necessary 
change In padding capacitance necessary to calibrate the system in such 
a manner that the results obtained in all subsequent work would be In 
agreement with previous data. 

With the grosser aspects, at any rate, of the interpretation 
problem solved by the electronic noise indicator it has seemed proper to 
review the selection of the "cut-off" separating results named "explosions 
and "Inerts" as given in reference (c). 

Five different explosives were tested in four successive group 
tests at four gains lover than one necessary to trigger the meter on 
inert materials of 35 mg from 320 cm drops. It will be noted in Table 2 

*Q-cal gets its name from the fact that the coulombs of charge, q 
equal to current times time, produced by the crystal microphone when 
subjected to a bang is calibrated by a capacitor network which can 
dump a comparable calibrating charge into the input circuit. A 
millivolt meter has been used to measure the charging voltage on the 
calibrating capacitor; q equals capacity times voltage on a capacitor. 
Since the capacity is fixed for a given set-up it has become habitual 
for workers using the noise Indicator to refer to this charging voltage 
rather than the number of coulombs of charge used in the calibration. 

CONFIDENTIAL 
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Table 2 

Dependence of Fifty Percent Point On 
Koise Indicator Gain  

Gain In Millivolt» (mv) 

20 mv       kO m dO wr 80 ar 
Explosive  a ~  ~ h    a ~  " h    a ~  ~h    »"   « 

PET* l.U>7 (1*.0) 1.119 (13.1) 1.079 (12.0) 1.105 (12.7) 

Tetryl l.*25 (26.6) I.367 (23-3) I.605 (H0.3) I.607 («»0.5) 

Cos« B I.69I (^9.1) I.703 (50.5) 1.815 (65.3) I.830 (67.6) 

HEX 1.855 (71.6) 1.911 (81.5) 2.023 (106) 2.08U (121) 

wr 1.965 (92.3) 2.068 (117) 2.255 (ißo) 2.319 (208) 
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that the PETH value is independent of the gain over this range 
vhile each of the other material« shows a rather considerable and 
fairly regular increase in 50$ height with decreasing gain 
(i.e. increasing in ailiivolts). The data illustrated in Table 2 
plus a desire to match roughly the ERL values affected our decision 
to set the gain so that the 50jt height for TUT would be about 179 ca 
A gain value of 50 mv produces this result and has therefore been 
uniformly employed In all work to date. 

D. Closed Chamber Testing 

A frequent recommendation offered by many people is the 
use of a closed chamber design wherein the volume of gas produced 
by an explosion, rather than the noise, would be utilized as a 
measure of the violence or extent of reaction. Bather than enter a 
discussion of the general features of the chaiiber itself, let us 
observe the merits of such a system together with some of the 
difficulties encountered. 

In Table 3 are recorded the average volumes of gas 
produced In 10 shots at each height for the several explosives 
investigated. We note, first of. all, that the usual 50jt point for 
PETH (12 cm) corresponds to about k cc of gas. Since, normally, 
only half the shots at this height are considered explosions, on 
the average each explosion produces only 8 cc or about 25)1 of the 
calculated amount of gas which would be produced by the complete 
conversion of 35 mg of PETH to nitrogen, water vapor, carbon 
ssmoBÜB.carbon dioxide In the stoichiometric quantities. In the 
case of PETH, particularly, we have generally believed that a 
single test would result in an obvious inert or In a rather violent 
explosion. 

In the second place, one would expect that, expressed In 
percentage, the amount of gas produced would vary more rapidly 
with haight than would the percent explosions. That is, the percent 
explosions is a reasonably definite function of the height, but, in 
addition, one would expect that the amount of gas produced by each 
explosion would Increase with height or, at worst, be Invariant. 
Superposition of these two effects leads one to expect that the 
percent gas evolved would increase more rapidly than the percent 
explosions, ox*, at worst, the same rate. In Table 3 we presented 
data of the gas volume evolved vs. the height for each explosive 
tested. Using the largest observed volume, 23.8 cc, as the maximum 
available volume under the test, we can calculate the precent gas 
evolved for each height. If we plot the percentage of gas evolved 
vs. the drop height in log units on probability paper the curve 
described by the data does not appear unreasonable. But, when 
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Table 3 

VOIUM is of Gas In cc Produced vs 
Average of 10 Shots 

. Height 

TBT Explosive: PEW* RDX Camp B HEX Comp A 

Height (cm) 

8 1.12 0.k6 .... HH   1 

12.5 3.58 Q.k2 MHM o.6it Meeees 

20 6.63 2.26 O.56 0.1k 1.13   

32 11.55 8.23 1.8fc o.$k 2.15 
50.5 
80.5 

1^.79 
16.77 

11.16 
16.65 

k.te 
12,6k 

2.25 
^.91 

5.52 
10.08 

0.66 
1.16 

127.5 
202 

19 .*5 
21.53 

19.28 
21.28 

18.00 
20.00 

15.55 
16.99 

13.02 
16.58 

2.00 
8.11 

320 20.25 I9.7O 17.73 ifc.89 12.82 

«Subtract 1 cm from each height for PEW 

\' 
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ct  is calculated from this curve, a value of 0.5 log units is 
obtained which is four times the or obtained with the noiseneter. 

The Introduction of sens additional data provides a very 
staple explanation of these apparent difficulties. In Table K are 
given the volumes of gas produced by 25 shots of PETM at each of two 
heights, 11.5 and 31 can. These data are expressed in terms of 
frequency vs. volume, reduced to groups of 1 cc centered about the 
mean. The results are shown In Table 5« 

The data indicate very clearly that at 11.5 cm, the overwhelming 
probability is that the sample will fail to explode, with 1 cc or 
less gas being formed, or will explode with the formation of at 
least four (generally 5 or 6) cc of gas. At 31 cm, however, the 
probability of an explosion, as Judged by noisemeter or ear, exceeds 
0.999 whereas the average volume of gas produced depends only on 
the height and not on the probability of an explosion, which is 
essentially constant and equal to one. Thus these two distributions 
are not superposed except over a very short region. It appears from 
the data that a similar situation very likely exists in the case of 
RDX and may exist even far some of the less sensitive materials. 
Considering the greater time required per shot with the closed 
chamber, this procedure does not seem to offer any great advantage 
from the standpoint of precision in the case of PETS, at least, 
though further refinements in apparatus and technique could Improve 
the time factor considerably. The level of gas evolution to be used 
to compare explosives also is not easy to decide upon in the case of 
the closed chamber method as applied to the type 12 machine. Indeed, 
the basis on which to make the comparison is sot clear. 

Miscellaneous Studies 

A. Effect of Pressure on Impact Samples 

One of the factors frequently discussed in Impact testing 
is the sample presented for test. We have previously discussed the 
effect of sample weight and the question of conditioning of the 
sample was neglected. If the sample presented for test is consistent 
In surface area presented for Impact, through the use of pelleting 
(either cast or pressed depending on the use of the material), one 
might expect a greater reproducibillty from explosive to explosive 
and from one sample of the same explosive to another. To investigate 
this possibility a series of samples were prepared using 35 mg samples 
pressed in a 0.2"diameter mold using various pressures. The results 
in Table 6 show that although the variables of particle size, sample 
weight and sample shape were controlled, no real advantage in the 
use of these pellets is indicated. However, before auch a statement 

10 
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Tstole k 

Volumes of Gas Produced in Successive Tests et 11.5 end 31 cm 

FETH - 35 me. Samples 

U.5 cm 31 cm 
5.8 cc 0.6 10.1 ce 7.5 
k.5 5.5 12.7 10.lt 
6.6 1.0 10.9 12.8 
0.8 *.7 U.2 11.1 
1.0 0.2 11.0 9.5 
5.3 0.0 11.8 12.5 
6.1 0.1 10.0 15.1 
k.o 0.7 U.5 12.3 
0.7 5.7 U.l 10.0 
6.2 5.0 9.5 10.0 
0.5 5.9 IO.5 9.9 
0.2 0.0 U.8 12.7 
5.8 ■■• U.l ■■■■ 

Ave.   3.1 Ave.      11.1 

Table 5 

Volume 

Frequency vs. Volume (from Table k) 

U.5 cm 
No. of Occurrences Voli 

0.1 
1.1 
2.1 
3.1 
4.1 
5.1 
6.1 
7.1 

+ 0.5 

(mean) 

(-•n) 

6 1/2 7.1 + 0.5 
5 1/2 8.1 " 
0 9*1 
0 10.1 
2 U.l 
k 12.1 
6 1/2 13.1 

1/2 lfc.l 
15.1 

u 
COHFIDEHTlAL 

BO. of Occurrences 

1 
0 
2 
7 
7 
k 
3 
0 
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TsDle 6 

Effect of Pressure Ts. Sensitivity 

T 0 W S R # 1* T 0 W 1 R # 2» 

Losging 
Explosive Pressure ■ 501t Ht(c] I      O m 50* Ht(a») <r 

Tetryl Bulk 1.52 33 0.17 l.*9 31 0.11 
w 8,000# 1.1*3 27 0.08 1.6* *3 0.35 
n Ü>,üOO# ite 26 0.03 1.59 39 0.26 
m 32;000# l.*l 26 0.07 1.70 50 0.50 

Coap A-3 Bulle 1.95 88 O.O6 1.95 88 0.12 
1.76 58 0.07 1.96 90 0.10 
1.81 6* 0.18 2.09 123 0.11 

n 8,ooo# 1.9* 87 0.13 1.9* 86 0.08 
1.81 6* 0.25 2.06 U5 0.10 

n i6,ooo# 1.83 68 0.09 1.80 63 0.3* 
1.7* 56 0.13 2.08 119 0.13 

n 32,000* 1.9* 86 0.13 1.80 63 0.23 

TW Bulk# 
8,000# 

2.2* 175 0.29 2.23 170 0.19 
M 2.0* 109 0.50 2.21 163 0.10 
« l6,000# 

32,000# 
2.03 108 0.50 2.13 136 0.27 

« 2.10 126 0.25 2.1k 138 0.18 

«Tow» lnl2 T*tn to th. t«o i*?«t «chin.« «t M» 

I       l * 
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is made, a study of the effects of density, height to diameter ratio, 
and eauple weight on the pellet should be made, to better understand 
the behavior of each explosive in this new form. 

B. Replacement of Sandpaper by Glass Cloth 

One of the disadvantages in the present Impact machine is 
the effect of sandpaper on oxidizing materials. One possibility for 
replacing sandpaper is glass cloth. Immediately available were samples 
of glass cloth In rolls of 1/2" and 3/8" widths. A limited number of 
samples were tested using these two widths of glass cloth, and included 
both oxygen rich and oxygen deffficlent materials. The sensitivity of 
ammonium perchlorate given In Table 7 illustrates the advantage of the 
glass cloth. The sensitivity of ammonium perchlorate with sandpaper 
is kk cm. Tests of ammonium perchlorate without sandpaper give a 
sensitivity of 101 cm. Bo change in sensitivity is observed for the 
other explosives tested. However, the fine glass fibres which filled 
the air upon explosion, Irritated the skin of the operators to such en 
extent that the experiment was abandoned. 

C. Kinetic vs. Potential Bnergy 

If one is Interested In a drop weight test as a means for 
determining only the relative sensitivities of a group of explosives, 
then any machine which gives a so-called satisfactory order of 
sensitivity will suffice. We have seen that there are many machines 
that fulfill this requirement. However, when any attempt is made to 
compare the results of one machine with another, a lack of knowledge 
an our pert of the controlling factors makes correlation of these 
results almost impossible. This lack of understanding results from 
the use of different drop weights, tools, sample weights, etc. One 
of the considerations for a uniform method of reporting data is the 
use of energy. Certainly, a comparison of energy necessary to produce 
a given explosive efficiency would be a common denominator for all 

If one considers the use of energy in reporting data, he must 
further clarify the situation by considering the individual machine. 
As a step In this direction, we have undertaken a study to determine 
the amount of energy available for test purposes by considering the 
loss of energy in the particular system we employ, »B note first of 
all that the coefficient of restitution of the machine varies with 
the drop height. We have attempted to present In Table 8 one part 
of the reduction to a uniform method of reporting. 

13 
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Table 7 

Glass Cloth as a Replacement for Sandpape 

WER TOWER #1 T 0 #2 

5036 Ht 50*. Ht 
fiW }•<?!?■ve m (cm) • A (ca) or 

BTKEN (1/2" glass cloth) O.89 8 0.11 0.86 7 O.lß 
BTNEN (3/8" glass cloth) 0.95 9 0,22 0.92 8 0.07 
TNETB (l/2" glass cloth) 1.31 20 0.07 LIB 15 0.09 
TKETB v3/8" glass cloth) 1.31 20 0.10 1.18 15 0.09 
R%ClC%(thru 20 mesh) 
HKfcC10iAl/2" glass cloth) 1.97 9W 0.09 2.02 105 0.12 
MHaC10k(3/8" glass cloth) 
RDX (1/2" glass cloth) 
RDX (3/8" glass cloth) 

1.89 78 0.12 1.89 79 0.07 
1.37 23 0.22 1.28 19 O.lU 
1.37 23 0.09 1.31 21 O.lß 

TRT (1/2" glass cloth) 
TUT (3/8" glass cloth) 

2.^2 209 0.03 2.38 2*0 0.09 
2.39 2U6 0.08 2.1*7 296 0.10 

Table 8 

Comparison of Potential and Kinetic Energies Available on Impact 

Drop  Rebound              (Potential)     (Kinetic) 
Height  Height $ Energy Lost Initial Energy Available Energy 
(cm) (cm)   to Machine (kg cm)       (leg cm) 

320 21ß 32 800.0 5W1.O 
202 133 

38 
505.0 326.2 

127.5 82 318.7 197.6 
80.5 *7 k2 201.2 116.7 
50.5 28 *5 126.2 69.lv 

32 16 50 80.0 uo.o 
20 8 60 50.0 20.0 

12.5 3 76 31.2 7.5 
6 2 75 20.0 5.0 
5 1 80 12.5 2.5 

1* 
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Conclusion 

The data presented la this report have served as a basis for 
making decisions applying to the method of testing employed at MOL. 
In view of tte Increasing number of drop weight Impact Machines 
which are duplicates of the HOL machine, the data in this report 
may serve as a guide for other activities In determining sources 
of variation in data. Certainly if there is any thought of 
duplicating values obtained by HOL, we must consider a standardization 
of technique. This in Itself is not sufficient for duplication of 
data. For example, in the "electronic noise Indicator", the 
millivolt setting depends on the padding capacity, microphone output 
and microphone placement. Since the sensitivities of various 
explosives at various millivolt settings are known, it is possible 
to obtain duplicate drop heights by changing the millivolt settings 
in one machine to correspond with sensitivities of a second machine 
at a different millivolt setting. 

One additional source of variation which can be easily checked 
is the polarity of the microphone itself. Since in the amplification 
of the signal, the phase is changed twice, a positive voltage must 
come from the microphone through the phase changes and invo the 
thyratron to trigger the neon light. If the voltage from the 
microphone is negative a system of reduced sensitivity would probably 
result or else the thyratron would never be triggered. 

15 
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APPEHDIX 1* 

The Electronic Boise Indicator for the Impact Machine 

8. J. Jacobs 

The noise Indicator or "noisemeter", as this device Is 
usually called, Is a device which gives a visual signal to 
Indicate whether a given noise from the lac-act test Is above 
or below a given reference level. The instrument uses a 
piezoelectric microphone (Roche 11« salt type) essentially as 
a peak pressure device. The pressure signal incident on the 
microphone produces a charge on the microphone which, within 
the frequency limits of the microphone, is proportional to the 
pressure. This charge produces a voltage which is proportional 
to the charge across the capacitance of the microphone, a p***ing 
capacitor used for calibration, and the associated input circuit 
capacitance. The voltage is amplified so that an output of about 
kO volts is obtained to correspond to the voltage produced by the 
microphone at the desired reference level. The amplified voltage 
is used to trigger a small thyratron biased to about HO volts 
below the triggering voltage. Triggering the thyratron cause« a 
neon glow lamp to light, thus indicating that the peak 
sound level actuating the microphone exceeded the reference Level 
selected. A sound level below the reference level fails to 
trigger the thyratron and so falls to light the neon indicator 
lamp. The circuit is arranged so that the only variable not under 
the control of the operator is the response of the microphone. 
This response may be a function of the ambient temperature.(1) 
Operational control is achieved by introducing the calibrating 
signal at the Input of the amplifier. The calibrating signal is 
introduced as a Q calibration!2) (Q - quantity of charge) which 
then calibrates the Instrument for microphone output independent 
of capacity in the microphone circuit. Triggering at the desired 
level is accomplished by adjusting the amplifier gain. The method 

^ • Recently two types of crystal mikes having low temperature 
coefficients have been commercially introduced. One uses 
ammonium dihydrogen phosphate, the other a ceramic of barium 
titanate. Either type in this application might need an additional 
amplification state. 

(2) For more details of the vi calibration see page 6. 

«Reprinted from NOLM 10,003 
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APPEHDIX 1 

of calibrating is described in reference (c). The schematic of 
the Instrument and the list of parts is shown In Figure 1. The 
microphone used was an Astatic, Model H-30. The leads to the 
crystal had to be reversed to supply the proper signal polarity 
for operating the thyratron through the three stage amplifier. 
It might have been more desirable to have added an additional 
phase inverter stage preceding the thyratron. This could be 
easily accomplished as a cathode-follower, plate follower so that 
either polarity of input signal could be handled. If that were 
done provision would also have to be made to invert the voltage 
of the calibrator signal. Almost any other type of crystal 
microphone could be used in place of the H-30. It would be most 
desirable to use a microphone with as large an upper frequency 
limit as possible; 10 to 15 KE is now commercially available. 
The frequency Unit of the H-30 microphone is probably about 6 KC. 
It was thought that this limit was still superior to the effective 
response limit of the human ear. 

The functional parts of the instrument are indicated in 
the following block diagram: 

Calibration 
Circuit 

Variable 
gain 
Amp. 

Trigger 
and 

Indicator 

Functional Parts of Electronic Noise Indicator 
Figure 2. 

17 
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APPEHDIX 1 

The q Calibration: 

The equivalent circuit for the microphone and input 
calibration is shown in Figure 3* 

-m L* 

E 

-Be 

Ä. 

Rg 

Figure 3* Equivalent Input Circuit 

In this diagram: 

C » microphone capacitance 

Ci ■ line and stray circuit capacitance 

Cc ■ calibration capacitance (* C^ + Ci) 

Rc ■ resistor across which calibration voltage Ec is developed 

Rg » grid resistor 

Iß 
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APPENDIX 1 

Eg ■ voltage input to anplif ier 

Ee ■ calibration voltage 

Q - charge developed by microphone for a given acting 
pressure, p 

The microphone may be considered as a charge generator in parallel 
vith a capacitance, Cm« When a pressure acts on the microphone the 
charge developed is: 

Q - K Ap 

If p» p(tlme) then Q (t) is a linear function of p(t) within the 
limits of the linear response range of the microphone. K is the 
piezoelectric constant and A is the gage area. K is a function of 
temperature but in this application the temperature coefficient 
seems small enough to be neglected for the ambient range normally 
encountered*. 

The voltage, Eg, developed by the sound pressure p is: 

E   -   KAp 
*«*»  Ca 4- Bf* Cc 

(in this equation Ec is zero and the effect of Re and Rg may be 
neglected because Re is very small and Rg is very large.) 

For calibration; a voltage, Ec, is applied as a square step 
by switching a constant current through Rc. Then: 

E,_ ■ E c 
Cm + Ci 

gc 1 
Cc 

+    1 
Cm + Cl 

* in this connection it might be stated that Ronhelle salt is far 
from an ideal material for the microphone because it has a Curie 
point at 2k C. If more precision were desired it would be well 
to investigate other P.E. materials such as ADP or tourmaline. 
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 Cc 
E6C - Ec Oa - Ci + Cc 

In operation a standard capacitance Cc is plugged into the 
calibrator, Ec is selected and the gain is set so the instrument 
Just triggers when Ec is switched in. This then establishes a 
minimum level for triggering by the microphone given by: 

Egm " Egc 

Then: 

'trigger " 

In this equation all circuit variables have been eliminated except 
the calibrating voltage and capacity. It is thus possible to 
reproduce trigger settings Independent of variation of microphone 
cable length or variation of microphone capacitance.* 

«There is some evidence that the change of capacitance of a 
Rochelle salt crystal somewhat parallels its change of piezoelectric 
constant. This would make a Q calibration less satisfactory than 
a voltage calibration for this type of microphone. Actual tests 
with the impact machine over a rather wide range of ambient 
temperature have indicated satisfactory agreement of 50jt points 
however. An idea of the probable magnitude of the temperature 
effect on the Rochelle salt microphone may be gained from some 
data in HOIM 5125 on a Brush Hydrophone. This showed the following 
response (approximately), at 30 and 150 cycles as a function of T. 

T, °P Response, microvolts/bar 
(dyne/cm2) 

50 100 
70 130 
7W 155 (MX) 
90 125 
100 
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AFFEHDIX 1 

Rotes on Operation: 

1. It should be noted that the calibrated level for 
triggering is proportional to ECCC and not Just Ec. However, 
after selecting a given value of Cc> Ec then naturally is a 
measure of the trigger level. 

2. The meter narked M.V. on the schematic is fundamentally 
an 0-1 milliampere meter. It is used vlth a 3 position switch, 
Sw2. In switch position 1 it shows Ec across a 10 ohm resistor 
and therefore gives a range of Ec fron 0 to 10 millivolts. In 
switch position 2, Ec is across a 100 ohm resistor and the meter 
then reads a range of Ec from 0 to 100 millivolts. In switch 
position 3 the meter is a 0 to 100 voltmeter used to measure the 
voltage on the cathode of VH for adjusting the thyratron bias. 

Acknowledgement: 

The assistance of J. X. Counihan in constructing and testing 
of the noise meter is greatfully acknowledged. 

21 
COHFIDSSTIAL 

1 



CONFIDENTIAL 
NAVORD RE PORT 3592 

n^„© 

^ 
5>   i + 

Hhr 

**   ri*;   *:*:      Hit 

iHsStlüiiBÜ f   *  * *0 O f f   IOO 
*A «Ort *> « «O 

«*   .d   -   -<r •*   -  .«««« 
P «« V« »4 «UV. 

•"• »13     -33     --33--. 
(J  O  *4  tft      1*4     I       1*4*4     I      1*4*4*4 
5;JflNH;HH9 3*1 - J D -J 
0,0 1 ■ . 1 . . | | , . t | | 
<    'OOOOCOOOOOOO« 
O O «ft «ft — -. *> ~* r-* 

UUÜUUOUUUUUUU 

M «0 

is 
dtttftf   fc ssttsc s 

< «    S I- 

8HE E 

KSK 
I  I 

ISS 
ÜJ 
Q. 
CL 
< 

II 
nADIÄrt 88 

in 

to 

■ 
CQ 

35 

O 
or 

Lü 

I 

1 

er 

1 o 
o z 
ÜJ 

ö 
Sfcj* 

JJ-NH    »H    ••-< »^ rt IM M ^ u-^ 
ass. -a §  

!2Ö2S £22'ft222. onioittiiiiAoo 
^•o    mmo«    »-.        *_    _ -i        ~»i- ■ 

B8 - . 
OIMM 

«NoroiDsiooi 
«•4HHHHM 

IM« MMMMMM M 
O» P ^ t?« W f Ift • I* 

saaaaaaaa 
22 

CONFIDENTIAL 



CONFIDENTIAL 
NAVORD Report 3592 

References 

(a) OSRD 57^*-, Physical Testing of Explosi^e8 Part I3- 
27 December I9U5, E.H. Eyster, R.P. DaWg'     " ' 

(b) AMP Report Mo. 101.1R, Statistical Anai™^ tor a New 
Procedure in Sensitivity Experiments 

(c) HOLM 10,003, Studies of the ERL Type D^  Weitflt j^^ 
Machine at HOL, 25 January I9U9, E.H. tester, L.cTsmith 

(d) HavOrd Report 1589, Impact Sensitivity Determinations of 
Explosive Compounds Tested During the ^^^ froia 
1 January 1950 to 1 November 1950, N.D, nffKBOn 

23 
CONFIDENTIAL 



Böja*"-^ 

- 

Distribution 

:;„..,*•»»-.. ~-. 

Chief, Bureau of Ordnance, (Re2b), Wash., D.C. 2 copies 
Chief, Bureau of Ordnance, (RB2C), Wash., D.C. 6 copies 
Chief, Bureau of Ordnance, Ad8, for distribution as follows: 

British Joint Services Mission 5 copies 
Defense Research Member Canadian Joint Staff, 
Ussh., D.C. 2 copies 
U.S. Baval Attache, London, England 3 cople 

Chief, Bureau of Aeronautics, Wash., D.C. 2 copies 
Chief, Baval Operations, Wash., D.C. 2 copies 
Chief of Ordnance, Department of the Army, Research 

and Development Division, Wash., D.C, Attention 
OHDTQ k  copies 

Office, Chief of Ordnance, Department of the Army, 
Wash., D.C. 
Attention OBDTA - Dr. L. R. Littleton 1 

Chief, Bureau of Ships, Wash., D.C. 1 
Chief, Baval Research, levy Department, Wash., D.C. 

Attention Code k6S 3 
Commanding Officer, Baval Mine Depot, Yorktovn, Va.      3 
Commanding, Officer, Baval Mine Depot, Yorktovn, Va., 

Attention RSD Division 1 
Commander, Baval Proving Ground, Dahlgren, Va. 2 

Baval Ordnance Test Station, Inyokern, Calif.  3 
, Baval Ordnance Test Station, 1 oksrn, Calif., 

Attention Dr. R.W. Van Dolah 1 
Commanding Officer, Baval Powder Factory, Indian Bead, Md. I* 
Commanding General, Air Material Test Center, Eglin 

Air force Base, Fla. 1 copy 
Commanding Officer, HorfoUc Baval Shipyard, Portsmouth, 

Va. 1 copy 
Commanding Officer, Picatinny Arsenal, Dover, B.J.      3 copies 
Commanding Officer, U.S. Army, Redstone Arsenal, 

Runtsvllle, Ala. 2 copies 
Commanding General, Ordnance Ammunition Center, 

U.S. Army, Attention ORDLY-R, Jollet, 111. 1 
Director, Ballistic Research Laboratories, Aberdeen, Md.  2 
Director, Baval Research Laboratory, Wash., 25, D.C. 

Attention Dr. Zlsman 1 
Attention Dr. Fox 1 

A.D. Little Inc., Cambridge k2,  Mass., via InsMat 
Attention Dr. W.C. Lothrop 1 copy 

Armour Research Foundation, Research Center, Chicago, 
IU., via InsMat 
Attention Dr. W.C. McCrone 1 copy 

copy 
copy 

copies 
copies 

copy 
copies 
copies 

copy 
copies 

copy 
copies 

copy 
copy 

3S$fiJ. 



\ 

IA¥QHD Report 3g|2 

Distribution 

Los Alaaos Scientific Laboratory, Los Alamos, U.M., via 
MM 
Attention Dr. P.P. MacDougall 1 copy 
Attention Dr. L. C. 8nith 1 copy 

Hercule« Fonder Co., Wilmington 99» Delaware via InsMat 
Attention Dr. Juliua Roth 1 copy 

Solid Propellent Xnforaation Agency, Applied Physics 
Laboratory, Johns Hopkins University, Silvar Spring, 
N&., via InsOrd 2 copies 

Quality Evaluation Laboratory, Any Aanmitlen Depot, 
Oahu, T.E. c/o Postaaster, 8an Frenolsco, levy #66    1 copy 

quality Evaluation Laboratory, U.S. levy Aanunition 
Depot, Crane, Indiana 
Attention Mr. J.C. DeVault 1 copy 
Attention Mr. D.J. Hale 1 copy 


