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ABSTRACT

!(!heproblem of the effect of voids in wvst hiqh explosive upon

the configuration of the shock=wavo front wa~ investigated by photographing

the detonation of slab oastings with a void at one ends inrkiated at both

endso The exposure was stopped with a smoke shutter just @J&er the two

shaok wavef$nmto The distorting effeot of the void on ono saook wave

appeared in the

Voids

tested in Cocvp.

fluenced by all,

luminous interaction lines

of val*iousshapes, sizes~ orientation, and number were

B. The character and extent of the void e!’j~ectwas in-

those Variables. but oertain tendenoier$were generally

displayed= Most voids produced.a leading bulge ia the wEi:T03 f’rent,with

a maximum aberration of about one-third the average dimem.sion;the bulge

continued to be evident in the wave front until it had q.onsa distance

of three to four times the average dimension
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BFFECT OF VOIDS ON DXNXiJiTIONWLVES

1. 03JECTIVE..—

To determine the effect of various types of voids in cast ex-

plosives upon the configuration of tineshockwave front pasaing through and

beyond the void. .

11: FIMVIOUS WORK ON SAME PROBLEM

The only known previous work on the problem was

between August 3 and 26,19&0 This work was oonfined to

r3hot8similar to the one-in.oh=holeseries described below

-tiorkwas insufficient

,~quipmentand method,

Both the photographic

to provide more than a proof of

and a qualitative in&oation of

method described below -(pages5

the

done by Bradner

a small group of

[page6 ). The

photcgraphio

probable results.

-50 Figs. 1 and 2)

and the well.known technique of shockwave interaction traces on a so?t

metal plate in contaat with the charge were used. The latter method was

discarded because it was insufficiently sensitiva to reveal

effects of small voidaa

111. METHOD

The method employed is the technique of recording

the mall

photographically

the explosive flash of ~ shock waves created by initiating a high.explo.

sive slab at its two ends” A third luminous zone is oreated when the two

shock vmves meet. By stopping the exposure of the film a very short time

after this meeting occursO a thin lumincus line of interaction is Ie?%

in between the two individual wave flashes. Any departure of this line

from a nornml oiroular-aro or straight-line form is interpreted as a di%
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t-ortionof one of the wave fronts due to a void through which

or has passed at the time of interaction

Fig. 1 i8 a schematic diagram showing all essential

it is passing

features of

the method. The charge is a 1“ x ~w x IOW cast higbexplosive slab standing

upright on a in x 10n side and directly facing the surface=silveredmirroro

The oamera is fooussed upon the mirror image of the slab as seen through the

slot on the smoke-shutter plate. !!hetwo In by &w ends of the slab are

provided with tetryl boosters which are initiated by two primaoords of

oarefully fixed Iungth. A third long primacord loads to the smoke..shutter

plate. These three corde are initiated bya special junction (Figs. 5 and

6) inw’nich a single short primaoord from the detonator initiates a tom=

tetryl booster which

the same time within

The smoke shutter

tho explosion of primacord.

in turn initiates the three long primacords~

& error range of + 001 microseoondc

utilizes the dense black smoke resulting from

As the explosive shock wave proceeds along the

primacord, a trailing V pattern of smoke follows. Each side of the V

makes an angle

by wood blocks

the shock wave

of approximately 22° with the cordo The primacord is held

at the same angle with the 810t (see Fig. 2) such that aa

passes the far end of the slot a straight-fronted ourtain

of smoke crosses the slot along its shortest dimension. This orossing take8

place in approximately one-third microsecond. The effective length of’this

shutter primacord relative to the length of the twa primacords to the slab

determines the smoke-shutter timin.g~

The simple electrical firing circuit is shown in Fig. LA. Uhen the

safety and firing switches are closed, the solenoid trips the meohwioa~
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shutter. As the latter opens, its cooking lever swings baok to the unoooked

position, closing the detonator microswitch as 3.tpasses and Tiring tho

explosive Chaino Thus first the mechanical shutter opens~ then the expl-

Gives fire, the smoka shutter closes~

mechanical shutter closes~

,4ae%up pioture is taken to

and before the smoke disperses the

*

provide a check of details of the

charge and it8 placement and a dimensional

the shot picture. Figs. 3 and /.+aresetup

fdr Shot No. HIi-16for whioh the following

timing:

ilengthof
n W
n n

n II

Effective

Fig. ~

left primaoord
righti n

shutter “
n overlap

reference for measurements on

and shot pictures respectivdy

are figures pertinent to the

length of shu%er primaoord S3. K = 162;~ om

shows how shot photographs are interpreted. The entire

picture is considered in two

the circular v,uvefront from

the booster on the axis 9 mm

dimensions only. The geometric center of

either initiating point is taken to be in

from the surfaoe of the cast explosive. This

was determined from careful examination of~ and constructions upon~ shots

in the preliminary shot series$ run to prove the setup and decide upon types

placements and method of fixation of boosterso Circular arcs drawn from

Mese centers in the two boosters through two selected points~ A and ?5,On

the wave interaction trace represent the iwe shockwaves at a certain timeO

undisturbed by voids. If one wave is undisturbed the other may be found as

the locus of points at the same distanoe from the interaction trace as the
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other wave front but on the opposite side of the interaction from the other

rjavefront. Of oourse this method falls down’whem the interaction trace

passes through the void. because then both wave fronts are affected by the

voids and in the same seotionct

m, PROCEDURE

Using the methode of preparation, firirig,and interpretation

described in Part IIZ~ the following schedule (not chronological) was

followed to obtain the speoifio information listed at the head of eaah

secticn [A, B, C, eto.) of the sohedule. It should be kept in mind that

in this /andall subsequent ~rts of the report, the test explosive is

cast Compe B unless otherwise specii’iedo

SCHEWJ4 OF INVESTIGATION

Number of Shots:

Fired Interpretable—.—

A. Preliminary: To determine best type and
plcwement of boosters~ and timing
constantm l(i 3.6

‘B. Single Circular Hole: To study %n two
‘%=tions effeot of hole on shook

wave f’rontoand especially persistence
of @ffec%
Ii One-inch hole
2’0 One.half.inoh hole
~. One-quarter.inoh hole
4. One-eighth-inoh hole

C. Single Shaped Hole: Objeot as in~. and to
check reconvergenoe effectO
1. Square hol=g shock wave crossing

along Mag:mal 12
2. Square holes shock GUVO crossing

parallel to side 8
~. Triangular hole, shock wave crossing

along least height 11

0

5

7
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D. Multiple Circular Holes:
@#r~h ?.nchdiam.] To

7-

(3- one-
determine

if effeck of hole is additi~a or
individual
1-. Qusrter-inch vertical spaoing
2A Half-inch vertical spacing
30 Quarter.=inchhorizontal spaoing
h. Half-inch horizontal spacing

E. Natural Casting Znperfections: To deter-
mine if they alter wave front at slab
aurfkcea and in the same WRy aS

“ artificial voids
1. ‘Stress crMk6~r

F. Artificial Enolosed Spherical Voids: To
- serve 8.8a substitute for large oooling

voids, no% obtainable for Section EO

~J~er Of shots

Fired IMerpretable

G Wide Slots: Two-dimensional simulation of
cooling voidse
1. Horizontal slots~ long dimension

parallel to wave motion
20 Ve?rticalslot6, long dimension

perpendicular to mavo motion

EL Thin Slots: To check effect of open cracks
between blocks of explosive in
Duil&up ohargoO

Diagonal Slota sixteenth inohO
air filled
Diagonal Slot, eighth inch.
air filled
Diagonal S30t, eighth inch.

sixteenth inch,

eighth inchO

eighth inch,

one-inch circ. hole):

5
5
6
6

6

4

10

8

4

4

4

4

1&

4

2

4

5

6

3

3

3

?J

3
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The group of =hots which were not interpretablewere t30for a

number of reasons of v~ich the follotiingare most frequently ocourring:

1= Timing irregularities giving either no interaction line ox’

too broad an interaction line~

2. %ohanica~ failure in camera.

30 Failure of boosters to detonate slab.
.

l}. Badly placed interaoti.onIino.

‘Me first listed ~iifficultyamounts for the majority of the

106s0s0

V. RESULTS

The length of the timing primacords are so calculated as to give,

for a oertain void casee e.series of interaction traoes at varying distances

from the void. These, after interpretation may be transferred to a

single plot to represent the okqracter of the shook-wave front from the ‘

time ii first display8 ooncluaively the diatov?;ingeffect of the void until

it is restored to normal oircular arc ooniiguration. Fig. 8 ie an example

of suoiza plot$ and Figs. 9 through 14 arc the 8ho% pictures from which the

plot vua8made- Any interpreted wave front on the p3.otoanbe matched with

the corresponding shot picture by means of the shot m.unber~ The informa-

tion yielded by any 8erie8 of shots is deduced primarily i’romthe shock

-Waveplots and to 8cm,e&xtont from the shot pictures themsolvese Resul.tsO ~

by seotione (see Fart IV, Schedule of Investigation).are as follovm:

B. Single Circular Hole Fig. 8 shows that a one.inoh round-hole void——— —

produce8 a leading bulge in tho wave front. Tn.isbulge is practically a

ciroular arc and persists through a spaoe of between three i.afour inches
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paatthe void.

“9”

The result is proportionally much the same in the

holg example, also shown in Fig. 16$ tho void effoot is

in absolute extent es with a quarter-inch hole, and thi8

e.oparenydydif3proportion&t@b~havi@r occur8 again in the multiple hole

eases~ Fig~. 20 and 21, in which three one-eighwinch ho3.eswere usedo

It as desired to further investigate

and persistence of distortion to ‘hole

sidered not immediately essential and

vita3 queationso

this chafigein relation of magnitude

sizes but th~ information w~s con-

the work was transferred to more

C. Single Shaped Hole. In the oblique square-hole cases Fig. 1’?Othe

~e~d~ng bulge is still essentially circulars especially in the brighter

traces cl.oaeto the void. Persistence here is somewhat Iem than in the

one..inch-holecase, although a grsater section of the wave front is ‘“y’

distorted. When the sides of the square are parallel to tineshock-wave

motion. a quite different form of distortion”results~ as shown in Fig. 18.3

This plot, along with Figs. 1~, 22, and 23 demonstrate that the shock-wave

distortion is not simply a rotter of discontinuity in medium. The shape of

the air spoe definitely affects the distort$on~ suggesting that the

orientation of the boundaries at which the wave front enters the air and

then reenters the ezplosive determines the nature of the wave front

Zibwrtktion0 The persistence in the parallel square-hole case is similar

to that of the oblique square hole. ‘l?netriangular hole demonstratc8

two Caaeaa both shown in Fig. 19$one of which oould not be carried

to completion for the same time-limiting reason stated befora. Tv@
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fieoidedlydifferent aberra’tionpare displayed. Persistence ~m the one

completed case is 8imilar to that Gf the square holes~

!)s Multiple Circular Eolesa The two oases of multiple holes in line-..

pcx’pend.icularto the wave motion are shown in E’ig~.20~ The hole effect

is apparently not truly additive; that is~ no increase of’extent or

persiste~oe o: aberration i8 diaplay~d~ although with cprteroindz waoing

there is a sort of’intarfcrenm effsct yielaing more numerous bulgese With

multiple holes in line with the shook wave motion and quarter-inch

cpkcing, Fig. 21, some addition of ef’i’eotis notedG

i?:,Natural Casting Imperi’eotionsoWhen slabs with so-called “stress cracks’{,.—

rev~l.ed by x-ray examination ta occw qui%c+frequently~ V:erefired~ nO

evidmce of any effeot of the cracks could be noted either in the interaction

tirwceor irithe explosive flash.

siz.:.,or location of the crackso

It %mS hoped that slabs

This was so regardless ot’tho number,

oo@a ‘0scast with natural oooling

voids~ that is$ large ais spaces occurring inside the charge due to uneven

ooc0.ing3 aridfully encloseci~ It wm ngmessary that they be enclosed all

around so that initiation would be normal at bcth”ends of the slab. lkl

suoh charges were madee

F. Artificial Enclosed S~herical Voids. These voids were in the form @f.....,=-.=—— —.-—

.xthi.n-mqled, air.fil~ed glass spheres one-half’inch in diametem~ held

~laco by a glass cagil?.ary. No effect whatever could be observed.

Wide slots. The case of the wide slot withits long dimension parallel—..—

the wave mo*ion9 ??ig~220 showG considerably greater effect than the

h~.lf-i.nchhole~ and along with the perpendicular slot of the same sizoa
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nooessary to turn to more pr13s6ingproblemsO

Iio Thin Slots. Thin diagonal slots (of one-sixteenth and one-eighth inch.—

thickness) at a mean angle of 63<]with the shockaave motion have the effect

angle of from 1.1/2 *O 3 degrees.

effect tends to aisappear= No

slots are in line with the wave

itlckion* a much greater effect io no%edo The disturbance is not a clear-out

distortion of a continuous wave ikont~ but rather a large zone of apparent.

Wabulcnces showing in the chot picture, Fig. 240 as a broad area of

luminosity rather than a thin line: The extent of ~hia disturbance is

prP.ctica13.ytho same for the two oasee (a) one-sixteenth-inch air.d’illed,

and [b) one-eighth-inch air.filled~ The effect is about half as intense

in the one-eighth-inch felt-filled case8 Fig” 25C

X. Other lhcpl~sivea= Of the other explosives tested to compare their void.—.-—

ei’feetwith thst of Gomp. i3$Pentolite and ‘forpexshenvsimilar behavior .

to that of Comp. B, In ‘fN’l’and Barona2~ hovnwer$ the shook waves have a

quite different character. ‘Me TNT shook wave, FigO 268 is very irregulars

end twc of them colliding will not produce a geometric

in J%aronalscomparatively slow burning of the aluminum

sowewhat indistinct interaction zone, ‘#ige 270 with an

resulting f’romthe void in the castingo Again In this

f3x#osive6, tkm work done was not sufficient to permit

trace as ‘inCompO BG

results in a broad,

almost completo gap

uase of other

firmly grounded-co-
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Fig. 28 is a combined plot of extent of distortion in all Comp. B

‘ti~stsexcept the thin-slot and eighth-inch-hole caseso The p10t6 for in-

dividual cases me cmravic, no one of them closely follows the combined

curve over all its length. and departures from the comb~ned curve of afi

much as eixty per cent are noted. However~ the plot was very carefully

pi-epared,and it is believed t.h.atit will provide a reliable means of

~sti~ting kh~ l~gnitudg of the extent and persistence of effect of large

voi.dain CompC !30

VI. CONCLUSIONS.—

The results described in Part V lead to the following conclusions:

la S5.r.@evoidu of average dimension greater than ~ mm produce a

leading bulge. that iS~ a section ahead of the remainder~ in the shock wave

front0

20 Spherioal voids prcduoe spherioe.1bulges, as do some non-

spherically shaped voidsc lknvever,some oddly shaped voidtiresult in more

oomplieated forms of aberration in the wave front~ and tith sdd void shapes

the aberration is not independent of void orientation Thus it i8 believed

that the profile and orientation of’the surfaces between air and high ex-

plosive are the prinmry determinants of void sk.apeo

5. 3WS leading bulge in the mave front will disappear when the

i~avefront has traveled three to four times the void average dimension past

the iroido The average disnmsion is defined as the diameter of a circle of

area c+q=l to the cross seotion area of the void. (Thus the cross sec-tion

area might be used a8 the criterions but a one.dimensional concept is more



corwenient.)

& The maximum distortion of the wave front (see I’ig~28) gen.

waily will be f’rom20 to 45 per cent of the void average dimension and will

c~ccurin the range of’from Mwe-fourths to two times the average dimension

p3.~kthe voido

5G Long tliinslots have two decidedZ.ydifferent effects:

(a) H’ th~>wave strikes them obliquely~ it will be turned as

whole t.h.rougha small angle of the order of two degrees~

(b) N it mover parallel to the 810t0 it will acquire a zone

M turbu3.enaein the wave front at and near the slot,

60 Pentolite and Torpex ‘oshavesimilarly to Comp. B with

reaped to void effeot~ but TNT and Baronal have

characteristicsand no conclusion on the effect

different shock wave

of voids in them has been
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Fig. 11. 333-6
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