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Sub Some studies of the Propagetion of Detonation &+we.an ,‘ |
Small Confined Explosive Charg°s, [ =1 - .

Abst s G?A serles of measurements ‘ £L.; heye
conditions for propagation of detonation between s
confined charges in the size range of fuze explosive
train components. The point at which propagution
across a gap or other relative displacement should
occur for fifty percent of trials was determined by
varying the displacement in accordance with the so-
celled ¥Bruceton up and down method®” Critjcal axial

alr gaps were deternined as functions of column dismeter,
density, explosive material, and colunmn length and criti-

cal transverse displacement was measured as s function

of explosive material., Axial gap, as might be expscted,

varles directly with donor diameter., Tor any given |
donor diameter there is, apparently, an optimum acceptor !
dlameter which ls slightly swaller than the donor diauc-

ter. .The gap also increases with donor column length,

but/e 'glven increase in quantity of explosive is more -
. effeciive when added by increasing the diameter than by
‘é incressing the length.AThe sensitivity of various
>% explosives as indicat y the gap across which they can
B be initiated shows a reasonably good agreement with
= N9 impuct and minimum priming charge sensitivities of the
) e same explosives. The critical gap is related directly
‘Z_;ggg to donor density, in general, and inversely %o acceptor
ol  density, but the effect of acceptor density is much
w %l greater. The critical transverse displacement for
&1 @ & propagation between various explosives shows a similar
= 3| pattern to the axial gap but the relationship is not
@2 Al linesr because the more sensitive materials are initiated
,%fi by shock transmitted through the metal whlle the less
‘?3%:’ sensitive materials require an overlap of the two
\é L columns, 30 thab two different mechanism are invelvad, |I
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The above observations apply to the explosive materials,
confinements, charge dimensions, and densities used in
these experiments., DIxtreme cavtion is recommended in
their application tc other conditions.

'wrds The data and conclusilons presented here are not the
final Judgment of the Exploslives Reseiarch Department
or thls specific project. Additional reports will be
made as the data becomes available,

Ref: (a) OQrdnance Board Investigation No, 808 "The Fropsga-
tion of a Detonation Wave through Explosive Trzias
in Fuzes", ¢, Dodd (S~6300)

{b) OSRD Report #4040 "Statistical Analysis for a New
Procedure in Sensitivity Experiments®, fpplied
Mathematlics Panely, National Defense Research

Conmittee (5~5892)

(e) NOLM 8696 "A Method for the Fabrication of Low .
Energy Electric Initiators™

{d) NOLL 10336 "The Sensitivity of High Explosives
to Pure Shocks".

(e) NOLM 10765 "Density of a Pressed Explosive as a
Punction of Loadling Pressure®

(£) NavOrd Report #87-46 "Table of Military High Explo-
sives" Hercules Powder Co. (S-10982)

(g) NavOrd Report #57-46 “The Stability of Detonation”
Ho. Eyrlng et al.

Fncl: (1) Plates 1 through 18,
TNTRODUCTION

. Although successful explosive trailns have been designed
and built Tor years, maeny of the principles which should
govern such designs are imperfectly understood.

2., One fleld in which quantitative information is psrticularly
lacking is that of the propagation of detonation between sinall
confined charges such as detonstors and leads. Fesilure at this
point hes resulted in more then one serious delay late in the
development, of an urgently needed ordnance item. The cost of
such delays in war time cannot be reckoned. 3Most experimentel
work in this f41eld has been tests of spseifie itemse Vhere
fellure occurred seversl changes were frequently made simul=
taneously so that it became virtually 1mposslble to ascertain
the relative importance of the changes to any lmprovement whilch
may have resulted. Thus, although the designer gradually
acquired a "feel” for the art; he was usually unable to state
any rules wihich he followed: Among exceptlons to this general
rule is the work of C. Dodd, reference (&), who made systenatic
investigation of an exploslve system. Hls experimeats were
comprehensive enough to yleld informztlon of quite genexral
usefulness.
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Vith the olject of hreosdening tne scope of generally

e .
: applicable dats in this flecld, a serles of measurvements has been
undertcekern of the "critical” conditions for the transmission

of detonatlon between small charges. although some thousands of
firings have been made In chtalning the data recorded herelin,

! the effects of many Llmportant varlables hawve not been laves-

tlgated and nany of the mean values ¢uoted may have been
obtgined with samples which were smaller than wmight have been
deslred. I% ls hoped that the data will be useful to the
designer, It is belleved that the derivation of & few quell-
Latlive velatlicnshlips is Justifled. The Tormulation of varlous
mathenstinel relationsnips willl bhave to wait for more complete
aata.

VFY TR

CTTINERAL PROCEDURE AND APPARATUS ,

Eenexal

4. The object oi the experlments dlscussed hereln iz %o

deterpine the Yeritlesl!" relatlive positions for the initiation
ol detonation in one explosive element (The “acceptor™) by
meens of another {The "doncr™), (See Plate 1.) The "oritical®
rosition is dafined as the most remote of a series of related

7 poilnts ot woleh the donor will initlate detonation of the

’ acceptor. Such information, unfortunately, cannot be obtalned
Tor any one combination of a donor and an aceceptor., ALl that
cen ve learned from one shot is that the acceptor was or was

v not initlated., The first experiment which muggests ltself
ie that of "working up" to the critical point from esch sids
with n series of straddling shots using identical donors and
zuzgepbors,  However, 1t is impractical 1f not impossible to
melse counponents which are nearly enough identical Tor this
tyne of experiments., Thus, each set of doror and acceptor hes
a unigue criticzl point: The experiment pust be directed
towrard determlnlng the average critical peolnt which,; upan

a Little reflection, can be seen to be the point at which

ity percent of %the acceptors fire. Durlog the prast war a

nebhod {reference (9)) for determining suech statlstles was

Asvised by the Explosives Research Laboratory at Eruceton, Pa.

and wae analyzed and refined by the Applled Matnematics

Panel &t Princeton. This netood, which will be reflerred to

hereln es the "Bruceton Method", involves a serles of trials

Lo conditions for easeh of whilch 1s deternined by the regsult

of tng previous trial,

e Sevceton Method

£ he Brucseton Method (reference (b)), was originally
cevised Tor use ia imporev sensitlivity work with drop test
nachines, but is applicable to » veriety of other simllax
pxperiments., 43 appilled to the axlal gap tests the mebthed is
vo followss A serles of geps are chosen sueh %het the differ-
ancea hebuean Tha leparibhng of esach nazge of snecessive gans
ROLIS 10977
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are equal. A donor and acceptor are located so that their
axes colnclde and the distance between thelir closest faces
is equal to one of the chosen gaps (Plate 1), The donor

1s fired. If the accepotir detonates, the next trial is made
using the next larger gap, and if it fails, the next trilal
is made using the next smaller gap. 7This is repeated for
successive trials until the desired number of trials have
been made, The results, which are reccrded as shown on the
semple record (Plate 2), may be analyzed by procedures
outlined in reference (b) to obtain an estimate of the mean
(fifty percent point) snd standard deviation.

6. A4lthough reference (b) suggests 100 shots as a ressonable
semple size, the tests discussed herein vere generally limited
to samples sizes of 1% ic¢ 50 shots because of the considerable
expense and effort invo.ved in the preparation of specimens.
This resulte in a loss of accuracy in the estimate but it 1is
compensated to some extent by the rather small deviations
observed in these experiments compared with most impact

sensitivity data,
Criteria of Detonation

7. The Bruceton Method is applicable only where the result

of a single trial can be definitely placed in one of two
categories, in the case of propagation tests detonation or
fallure of the acceptor. In general this csn quite easily

he accomplished by direct visual observation of the deforma-
tion of the acceptor contalner. In the usual experiment, hov=
ever, a few acoeptors are found in which the deformation 1is
quite appreciable yet noticeably less than average., 4 standard
is necessary to classify these as "fires" or "misfires®. The
enlargement of the hole into which the acceptor charge was
loaded was used as such a criterion. The enlargement associa-
tion with complete full rate detonation was determined by
firing a few shots at zero gap. The hole size was measured
using the shenks of number size drills as plug gages. The
largest size drill shank which would enter each of threce
ecceptor bodies, which had been fired at zero gap, Was used

&s a criterion of detonation for that particular %ype of
acceptor., The measurements were made at the end opnosite to
that from which the acceptor had been fired sinece the other
end was distorted by the action of the donor. This standard
may be somewhat arbitrary, but experience indicates that the
choice of a standard should have relatively little influence
on the estimated critical points, since most acceptor bodles
show quite unmistakable evidence of elther failure or detona-
tion. In some of the 1larger sizes a conlical slug of metal

is spslled from the end of the acceptor body when detonation
occurs. In such cases, this type of fragmentation was used as

a criterion of detonatlicn,

A
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‘onexplosive Comphonents

8. The donor and acceptor charges are loaded into heavy walled
cylinders as shown on Plates 3 and 4. The donor is mercly s
¥ cylinder with s hole of the desired column dlemeter and z
counterbore to take the initiator {Plete 3). Brass was chosen
because of its mashining properties. The cuter contours of
the acceptor (Plute 4) werc so designed to facilltate nolding
| and locating. Copper was chosen beceuse its pronerties should
be more uniformn than those of glloys &s it is a pure metal.

- Bxplosive llzterlals, Preperction and Loading. [

S. llost of the exploslives werc used as recelved without

preparation or modification except for drying vhere necessary.
Relatively esrly in the lnvestigation, 1t was found thst the lv
sensitivity of tetryl wes strongly affected by particle sice
dilstribution and perhaps other factors. For this reason, all

of the tetryl used was from the same two lots {(whichwere compsred !
snd found indistinguishable). A through 3% on 45 U. S. Standard l
sieve cut of tnis tetryl was used. All explosives used for I
flasn chorges were ground in a small ball mill (reference (c¢)).

Y 10. Both donor and acceptor charges were loaded with the

mating faces dovn on flat znvils so that the charges came

flush with these ends. Thus, in the experiments, it could be

assumed that if the containers were in surface contesct the

charges were In simllar contact. Iixcept wiere the effects of

varylng density were under conslderaticn, all explosives In

aszceptors asnd the main columns of the cdonors were loaded at

10,000 pounds per sguare inch. The flash charges of the ;
initiators were loaded at 4,000 pounds per squsre inch.

1l. 1In some of the early experiments;, lead styphnate vias used
as a flash charge. It was observed that, when lead styphnate
flash charges vere used, enough time elaspsed between the firing
of the flash charge and the detonstion of the donor eharge for
the initistor plug to be forced out of place in some cases,

The resulting forward movement of the donor reduced the gap by
an undetermined movement., itwes determined that with lead
azlde flash charges this time was too short for apprecisble
movement to occur. For this reason lesd azide flash charges

were used in all experiments reported herein,

Apparatus

1 12, Tests of the kind described above required rather precise
location of the acceptor with respect to tine donor. The large
number of firings required puts a premium on convenlenca. A
screpped lathe was adapted for this purpose. In & typical test
the scceptor was mounted in the chuck and the donor in a fixture

© which wes mounted on the tool rest. The donor is brought to
& position such that it is concentric and in surface contact
CLONF TDRNT IAL 5 HoLM 20577
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with the acceptor. Its displacement from this position cen be
accurstely adjusted by mesns of the compounéd of the lathe.
Plate 5 shows the apparatus with donor and aceeptor containers
in place. (Note the cushioned chuck jaws and the rotatable
donor fixture.) The lathe is shielded with armor plate
(Plate 6), and the doors of the shield are fitted with safety
interlock switches which disconnect the firing line when the
doors gre open., The initietors sre fired by the discharge of
a Y0 microfsrad paver condenser charged to 135 volts,

RESULLS 4lD DISCUSSIONS

13. Yince it would be qulte impracticel to exactly duplicate
thie srrenpgements used in these experiments in an ordnance
explosive system, the results of these experiments ere interest-
ing in that they indicate trends rather then as absolute
nunmbers. For this reason the date are given, with a few
exceptions, ln the form of curves relating the variebles.

Most of the results are indicated on Plates 7 through 18.

Diameter Effects
14, On Plate ? are plotted data obtained with various diameters

of donors and acceptors. All donors in this test were approxi-

mately 1/2 inch long columns of lead azide loaded at 10,000 psi,
as might Ve expected, the most notable trend is the direct
relationship betueen donor dismeter snd gap. The relstionship
between acceptor dismeter and gap is more complicated. Un-
fortunastely, the range covered is too limited to give very
complete curves for eny of the donor diameters used, but it

is apparent that each curve reaches a maximum at a point where
the acceptor diameter i1s somewhat smaller then that of the
donor., This phenomenon can quite readily be expluined in terus
of radiasl losses. The radlsl losses of smpll column to the
surrounding materlal are larger in proportion to the chemical
potential energy avallable, so a smaller column must be more
vigourously initiated than a larger column. On the other hand,
if an impinging shock front strikes only a small fraction of
the face of an explosive coluun initiating detonation of the
affected area only, the radial losses to the surrounding
explosive will be greater than they would be to a denser
confining medium such as steel. As can be seen from Plate 12,
these relationships are affected by variations of other condi-
tions such as the loading density of both donor and acceptor.
An attempt was made to reduce the results of this particular
set of experiments to a useful analytical form. Plates 8, 9, -
and 10 are various non-dimensional and semi-nondimensional
plois from which it was hoped to obtain some hint of a
systematic relastionship. Plate 9 gives indication of such

a relationship. 4 slight modification of the coordinates

of Plate 9 gives Plate 10 on which 8ll of the experimental

CONFIDENTIAL 6 NOLM 10577
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points tall reacsonably cliose to & single curve. The curve
wideir best fits these polnts 1s, however, a cuble and the
substitul Lon of the coordinzte 11 the eyuation gives an
expressicn so coanlex that it is difficult to lmegine a use
e it

1Y. Curve nunover {1) on Plate 11 siovs the reletiorsihin
petveen colwm length end criticel sxial sir gap. 1t wiil
te-nnteu thet even wiben the length dlumeter rstio is as
levge as O, sdditioncl inerements of column length ore zocom-
penied 1y incresses in critical gsp. Curve number {2)
Ledicaves thet, in the runse covered, a given increase¢ in
axrlosive velght is nore ef.ective when It is aduved by ia-
creecdny, fue digmeter than vhen it ig added by inereosing
the lengti. Jo put it snother vay, the optinum lengtne
dlapmeter rairle fron the point cf view of initieting efficiency
is apparently considersbly below the ¢ to 4 whicn 1s the most
aonnoh peactice in Navy detonators. This tyre of efficiency,
however, .s nolt necesgsarily the convroiilng fector in explosive
train desiga. For example, where s shutter uechaniss is to
used we iz salely device, less rnovement lIs probsbly necessary
for a gaven dogree ol safety wita o long, slender detonotor
tnan with a sacrter, stouter detonater of the same Initiating
effectiveness. The cwrves on i'late 11, as noted, sre for lead
azide douors end tetryl acceptors. Tt is quite probable thet
the optluum length-dizmeter ratlo for other primary explegives,
such a8 mercury fulminete, uihiich are nct as quickly detonated
as lead azlde 1s somewnat levger than thet for lezad uzida,

o

Dgasity &rfects.

16, Dae sensitivity of exrlosives might be expected Lo lacrease
.L

.
with percenlege volds for two reasons:

{a) .5 the velds in an exclosive increase, a snoek of &
i:1vein vressure con do nore vork per unlt maes in
corvwessing the eterisl, t hus ralsing it Lo & nigher
LTeTagE temnerature.

{h) The increcsing lchomo enelty of the materials tends

10 iIncrease vhe nonuailornity of heat alsiribution

Vit the result That the hottest areas mny lbe well

vobove Lhe average temperatuare.

17, Wals latter effect has two opposliag resudts; the nigher

tenerature {n sone spols iwproves the probability of Ialtisz-

tion, walls the lover temperzture at other points lizreazes

the time raecuired for couplete reaclion lengthneniny the resction

aonel, alloving wore time for rudial losses. The first effect,

wille quite oppllcable when the initlasing siock Llsg fransmitted
to the explosive through alr or some olaey gus; becuies duen

more com licated when the shock s traazmitted 1o tie explovive
from ¢ Loca cenmnrassivle materl 1y In wiich wase (e Inlensity

CORP IV T Al NORIS ALETY
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¢l the trensmitted snock depends upon tne matehing of acoustic
lwpedonces of the trensnitting medivm end the explosive, With
so many veriables involved, the relation betveen acneptor
density and tiae probepility of transmission of detonation is
quite complex. Unforvunctcly, experimental data are avalilsble
for only a feov of the many possible combinetions of the
variables invelved., 02 Plates 12 and 13 sre pletted critical
geps obtalned with verlous combinatlons of two donor diauweters,
two scceptor diameters and Tour densities of each charge. It
will be noted tinast tihe gaps tend to increase with Incressging
donor density end to decresse with Increasing acceprtor density.

18. The experiment discussed in reference (a) indicates thst

the mexloum gensitivity as rersured hy the thickness of &

stcel barrier through which a tetryl lead could be initicted

by mesns of » certaln British type of detonator reachned a

maximum when the density of the tetryl was ahout 1.35 grams per
cuble centimeter. %“hen copper was subgtlituted for the steel or
when eair gap vas introduced between the detonstor and the
degrading dises, this optimum density apperently increased,

i nony testoy to the highest density used (1.69).

19. Figure 14, whien is teken from reference 7d), shows tne
effect of denglty on the inltlation sensitivity of several
exp..osives as neusured by the booster sensitivity tests described
in reference (d4). It will be noted that sltiough the sensitivity
of tetryl and THNY incresses with percentage volds, that of
Pentolive snd Composition A is nearly iadependent of density.
This mzy be beczuse each of the last two explosives {3 & ndxture
of ¢ sensitive high melting point material with a lower melling,
less sensitive meteriel. The most probeble form that they vould
take would be particles with sensitive cores ¢nd insensgitive
surfeees. - Thus the high temperature areas resulting from the
inhonogenelty of thne less dense chsarges are at the less sensitive
parts of the erxplosive grains,

Confining Mediae

20. Experiments with verylng confining wmedla have been limited
in score up to now. One serles wes run using OY100 diameter
denors end acceptors of lesd azlde and tetryl, respectively,
both losded at 10,000 psi. The donor contalner, as ususl,

was of brass but the secceptor charges were losded into copperg
lead, aluminum and steel. The results are given below:

Confining Medium Critical (50%) gap Acoustic (Shoeck)
{scceptor) {inches) Inpedance (yillions of
: Jduded
Steel 160 43,
Copper 84 47.7
jead 79 3 = 34,1
Aluninum 43 19.3 = 212

CONPIDENTLAL 8 NOLM 30577
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The acoustic lmpedsnces given were obtained from deta (as yet
unpublished) from measurements of shocic velocities in metals
close to detonsting explosives. In genersl, the velocities
are hlgher than sound velocities in the seme materisls. It
will be noted that the gaps fall in the scme general order
as the lmpedunces except in the cese of steel. It might be
postulated that the eriticul shock pressures lies within the
strength of the steel yet vell beyond that of the other
materieis so thet the confining action of the steel is by

a different mechenism than the other meterizls which confine
the detonution only by virtue of their inerties.

2l. On Plete 15, critical gaps obtained using various high
exploslves as acceptors are. plotted agsinst the drop sensitivi-
Tty of the same explosives. It will be noted tnat the initiation
sensitivity of the various explosives is in as good agreement
with the Impact sensitivity as cen be expected with sensitivity
tests. It would seem that the dream of discovering an explosive
which is sensitive to initiation by means of enother explosive
yet mechanically insensitive will perobably remaln a dream, .8n
Plate 15 the larger gans obtezined with mereury fulminate donors
then witih lead szide is mainldy due to the higher loading density
of the fulminate (both meterials were pressed at 10,000 psi
which glves o density of the order of 3 grams per cubic centimeter
for lesd szide and a density of the order of 3.6 gra=ms per cubie
centimeter for mercury fulminate) {(reference {(e)).

Trensverse Displacement

22. i series of experiments was msde in which the critical
transverse displocement was determined for propagation between
lesd azlde and mercury fulminate donors and acceptors of various
high explosives. Plete 16 is a diagram of the test arrangement.
On Plste 17 these data ere plotted against the axisl gaps
obteined with the same combinctions of explosives. The "s"
shape of the curves is quite apperently related to the point

at which the expended hole in. which the donor charge hed been
loaded is tengent to the unexploded acceptor, szs shown on the
skketch at the bottom of Plate 17. Evidently the initiation of
some explosives, including tetryl, is quite probable when the
holes overlap &nd quite improbesble when they do not. This
suggests that the initiation of these snd less sensitive explo-
sives is accomplished primarily by the not highly compressed
gases, For more sensitive muterisls such s RDX end PETN the
metul borne shock is apparently an importont mechanism. Sone

of the PETH and RDX acceptors were initisted in the interior

as evldenced by the way in which the contalner was deformed,
Plate 18. These data all were obtained using explosives losded
at 10,000 rsi in Y150 dizmeter holes. Experiments with other

sizes and loading pressures are projected,

CONFIDENTIAL 9 NOLM 10577
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23, The specific conclusions which ¢en be drawn from these

nxperuments are discussed above snd suinmerlzed {n the abstract.
In general 1t can be coneluded thot the rield covered by these
»"ocrxmcntg g gulte complex not oaly becsuse ol the number

‘of variable AHVOlVLd but becoue the relationshlip between

soine of”ﬁh se va?Lquloc and the vrobdh;lity of trensmission 1is

‘not simple. On the other hond, token individually the trends

indicated are in general ¢ulte ressonsble. -Noeny oucstlnns
repnsin which may well be ansevered by *urther experinents, of a

sinilqr nature,
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GAP AS A FUNCTION OF COLUMN DIAMETER FOR THE CRITICAL PROPAGATION EETWEEN

HIGHLY CONFINED LEAD AZIDE DONORS AND.HIGHLY CONFIMED TETRYL ACCEPTORS.
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50% POINT vs % VOIDS
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