UNCLASSIFIED

AD NUMBER

AD464450

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 13 APR
1965. Other requests shall be referred to
Bureau of Naval Weapons, Washington, DC
20350.

AUTHORITY

18 Apr 1967, ST-A per USNOL ltr

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

o 454450

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXAMDKIA. VIRGINIA

. @
1
N

UNCLASSIFIED




NOTICE: ‘When govermment or other dravings, speci-
tications or other data arc used for sny purpose
other than in connection with & definitely related
Jovermment precuradent cperatico, tbe U, S.
Government ihereby incurs no responsidility, nor any
obligaticn uhatsoever; and the fact that the Govemm-
ment may have formulated, furnished, or in any way
supplied the said drawings, specificatioas, or otber
data is not to be regarded by implication or cther-
vise as in any aanner licensing the holder cor sny
other person or corporation, or coaveying any rights
or permissior to manufacture, use or gell any
patented invention that may in any way be¢ related
thereto.




—
LD
-t
-t
o
-t

NOLTR 65-33

THE EFFECTS OF CORFIGURATION AND
CONFINEMENT ON BOOSTER
CHARACTERISTICS

N O l 13 APRIL 1965

UMTED STATES NAVAL ORDNANCE LABORATORY, WINTE OAK, MARYLAND ™

NOLTR 65-33




NOTICE

Requests for additional copies by Agencies of the Department of Defense,
their contractors, and other Government agencies should be directed to:

Defense Documentation Center (DDC)
Cameron Station
Alexandria, Virginia

Department of Defense cortractors who have established DDC services or
have their 'need-to-know' certified by the cognizant military agency of
their project or contract should also request copies from DDC,




NOLTR 65-33

The Effects of Configuration and Confinement
on Booster Characteristics

By
I, Jaffe and A, R, Clairmont

ABSTRACT: The purpose of this work was to examine the effect
of certain charnges in size, shape, and confinement on the
effectiveness of tetryl boosters, Effectiveness was judged in
two ways: by the booster's aporoximation to a plane-wave
generator and by its initiating strength, Consequently the
measurements made were of non-planarity (radius of curvature)
of the detonation front emerging from the booster and of the
shock velocity vs distance curves of the hydrodynamic disturbd-
ance it caused in Plexiglas,

The changes made in confinement and shape of two-inch-
diam boosters caused no significant change in either perfor-
mance property. Changes in booster length, however, had a
marked effect., Booster effectivensss increases with increasing
length and is still increasing at £/@ of 4 contrary to litera-
ture atatements that curvature of the detonation front is con-
stant at 4/d 2 3 and that booster strength becomes constant at
4/4 2 1,5, The validity of using truncated cones in place of
vylindrical boosters in large-ziale field tests of detonability
was confirmed, The variation of 507 gap thickness with booster
length (and corresponding invariance of critical initiating
preamr; ), for a given test material, was quantitatively
measured,
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The work of this rer ™ is one phase of a continuing
investigation of the sensit ..ty of propellante and explosives,
Observations were made on th2 effect of certain changes in size,
shape, and confinement on the effectiveness of tetryl boosters,
Several conclusions are made regarding the use of truncated
boosters in place of cylindrical boosters, the correlation
between length and shock planarity, and the relationship between
length and booster efficiency. The investigation was carried
out under Task RMMP-22 149/212 1/P009/06-11, Propellant and
Ingredient Sensitivity,
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The Effects of Conliguration and Confinement
on Booster Characteristics

By
I, Jaffe and A, R, Clairmont

INTRODUCTION

Por large scale, critical diamester tests, replacemen’, of
the cylindrical booster by a truncated cons has bsen recosesnded
(1); an equivalent stimulus delivered to the test material from
approximately 1/3 the amount of booster explosive was desired,
For the labtoratory scale, gap sensitivity test (2), strong
recommendations have veen made to replace the current booster of
length to diameter ratio, L/D = 1, with a cylinder of L/D 2 3,
There 13 general agreement that an L/D of 3 or more is desiratle
to assure a build-up to steady state from a minimal shock initia-
tion, but this does not seem relevant to the use of an adequatsly
detonated booster in measuring the shock sensitivity of an
acceptor .:st material (L/D = 3), In other words, if the booster
exhibits steady state detonation, the same value of critical
pressure necessary to initiate the acceptor should be measured,
regardless of booster length,

It was the intent of the present investigatior. to examine
the effects of changes in size, shape and confinement on the
booster effectiveness, The shape of the detonation wave front
smerging from the booster and the shock it set up in Plexiglas*®
were used for this purpose, In addition to meeting these objec-
tives, the data acquired serve to correct the following inexact
statements in the literature:

1. that the curvature of the detonation front becomes
constant after an L/. of about 3 (3);

2. that the 508 gap value for a bsoster of L/D = C,637
will differ from that with an L/D = 1,274 ty a constant thick-
ness (4); and

3., that increasing the booster length beyond L/D = 1.5
will have no further effect (4).

# Hanufactured by Rohm and Hzaas
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EXPERIMENTAL PROCEDURE

A. The Wave Shape

Tetryl pellets (po = 1,51 + 0,01 g/cc), 50,8 mm in
diameter and 25,4 mm long, were stacked and cemented together at
their periphery to form cylinders of various lengths, These
cylinders were used unconfined or confined in steel pipes (50,2
mn I.D,, 76.2 mm 0.D.), or they were machined down to the shape
of a truncated cone, The two bases of the truncated conec were
lkept corstant at 9,5 mm diameter and 50,8 mm respectively, The
angle of inclination of the cones varied with the lensth of the
COM.

Figure 1 1s a composite drawirg showins the generzil
arrancesent used to observe the wave planarity of the various
char-es, A lio, 7 tlasting cap® was used te initiate thz toaster,
The cap was 1ined up with the axic of the charge, and neld in
place by a cylindrical piece ¢f woos {5G.5 mm dla., =5 mn long),
cerented to the tace of the charre,

An aluminiced Plexi-iuc flasher, 50.> o1 in diaseter anag
2.2 = thick, uas cemented at its periphery te the ené of the
charge, The thin layer of air sandwiched between the charge and
the disc flashes when it fs hit b the shock wave, The intensity
of the flash increaces the illumination, facilitatinc the
recordin; of the wave chape by the omear carmera,. The caresz views
the shock front throush a small ifransparent area, .72 wn wide,
which divides the disc into feour equal parts (see Pi-., iZ).

To align the axis of the charre with the optical axis of
the camera, a bear of licht was projected back throuch the
camerza onto the alurinized surface of the fiasher, 7The assexmbly
was adjlusted until the team of light was reflectad baek on iis
incident path, placins the chasg? axis in iine vwitiz the optical
axis,

The procedure was chayyes to observe the shape ¢f the
shock wave at the end of a tizstisy cap ov detomavor, The cap
was alizned in the manner iescrited above, Lut siace the iliuntine
ation produced by the <ap ¥35 tec weak te obrain = positive smear
record, the wave shzpe was followed oy observine ths invevriupiion
of reflected licht off an aluminizad dir2 20,k r digs x O
thick at the end ¢ the detonater., The light scyree,

* Fanufactured t. Ciin-l'athisron
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wire, was arranged at an appropriate angle in front of the disc
which reflected the beam alonz the optical axis irto the camer:,
The writing speed of the smear came»z was 1,32 rm/iisec,

3, The Shock Velocity

Figure 2 is a schematic diagram ol the arrangcment
used to measure the shock veiocity in s Plexiglas rod, %he
Plexigias attonuators were sachined frox 50,6 mm flat stock to .
a cylinder approximately 52 mm 1. diameter, containinz two
parallel, opposing flats approximately 9-10 mm wide, The flats
provide zn undistorted optical path throush the Plexiglas.,

Thin lires perpendicular to the axis of the cylinders, were
*nscrited on the “lats to wmarik off known axial distances, A
chield, consistin- of rlexi las 20 cm square and 2.5 cm thiock,
was usec¢ To prevent the reaction products from obstucting the
view of The camera, The center portiorn of the shield was
machized to a thicinecs of 2,2 mm (see Pigure 2), This addi-
tiona. thickness of Plexirlas, carefully measures before each
test, wat contidered ac part of the total attenuation path,

a nirror, rinllar to the Tlacher used above, was fixed
terpurarils €0 a rlinder €lat, The mirror was placed concen-
tTic with the nidpelint talern alon the length of the cylinder,
The entire ascentrly wac alirned, with the aid of the mirror, so
that 1iz lonritulinal aiis wis perpendicular to the optical axis
at tae midoolint 2lon: the lea~th of the cylinder,

=ac bupe Zithted by an exploding turgsten
i O2C volt: were discharmed, The wire, 0,05
TT.odiameter ant T oo lorgt, was strunT in a2 2,5 mn capillary
*Jtc znet placed 2t the focal point of 2 15 en lens, The lens
was uced to ~ollirate the 1i-ht behind the cylinder, The
cyiinder was pocsitiones apnreoximately 1C ez in front of the
l2n.,

e
E5ULT

Firurez , ., 7 are reproductions of the smear camera
records matnlfied approxirately - times, These particular
records Tollow bt develonment of the uave terinnine 2t the end
of ~he det~=ator, ‘uzt prier to enteri,s the tetrvl charge, to
the end of an unconfined, 25,7 o lon~, cylindrical charce,

The rric¢ 1linez, which are cupericposed upon the original
recLrds, are equivalent to 1.:. y'ce:/division alony the time
ai:, The horizontal streak, ir the ceater of the record, %5 a
referencs line which Cacillitaten roading the records, In most
instances, the dictance can be measured to - 5.1 rm ot the time




NOLTR 65 - 33

f~—PLEXIGLAS CYLINDER

~

~— CALIPMRATION LINES

FIGURE 2= EXPERIMENTAL ARRANGEMENT POR SHOCK ATTENUATION MEASUREMENTS
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to 0,03 psec, The results are listed in the Tables 1 - 7.

Figure O is a typical record obtained for the attenua-
tion of a shock wave in a plexiglas rod, The distance, in this
case, can be measured to . 0.2 mn and the time to : 0,03 usec,
The data have been recordeéd in the Tables & - 11,

DISCUSSION

The “ave Profile

Figures 5> = 5 show the prorress and development of the
wave front from 1ts inception at the e¢nd of the detonator cap,
to the end of a cylinder 50,8 mm in diameter and 20,22 cm long.
The incident wave front off the cap is quite irrepular and
spread over an interval equal to 0,5 usec (Fig, 3). The effect
of this 1s to initiate the tetryl charre over a region approxi-
mately described by a circle whose diameter ic somewhat greater
than the diameter of the detonator (6 rm). The influence of the
cap on the wave shape is quite apparent at the end of the 1,6 mm
of tetryl and 1s still evident at the end of 35,2 mm of tetryl
(Pig. 4). The irregularity in the front is completely lost,
however, at the end of 12,7 mm of tetryl,

As the wave continues dovwn the cylinder it flattens out,
The edges of the front draw forward, and in line with the
center, At the end of 20,3 cm of tetryl, there is a 0,2 usec
interval between the arrival of the center and the edges of the
shock wave, The curves for the rwost part appear smooth and
symmetrical about the center axis, and show no discontinuity at
the boundaries of the cylinder due to lateral rarefactions,

The development of a detonation wave 1n the :£olid,

tetryl cylinder, appears to b¢ analogous to the expansion of a
compression wave in a homogeneous medium such as water,* The
charge is initiated at numercus points over a circular area of
approximately 6 mm, KEach peint of initiation acts as a point
snurce activating the material around it, creating nminute areas
(centers) of reactive particles, The result is determined at
any given time by the envelope formed by the spheres expanding
from the reacting centers, Given e#nouch time and material, 1,c.,
long enough path of travel, any irregularity in the deteonation
front disappears, and the wave front appears in the cylindeyr as

a segment of a sphere which is expanding radially at conetant
velocity,

# Huyzen's principle of wave construction

6
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Assuming the shock wave is point initiated, spherical,
and moving radially at a constant detonation velocity, it can
be shown (5) that the following relationship holds:

2 2 2

R1 = Ro + Yi

(1)

(2)

a rectancular hyperbola where

radius of curvature of the detonation front at
time, to

the time that has elapsed from moment of initiation
to the moment the shock front reaches the surface
of the charge observed by the slit

radius of curvature of wave front at t1

distance front has traveled along the surface of
the charge at time ti

elapsed time as measured from the moment the shock
front reaches the surface observed by the slit,
i.e,, time as measured on the smear camera trace

[/

For a constant detonation velocity, equation (1) may be written
as &
2

(3)

e 2
(UDto + UDti) = (UDto) -+ Yi

UD = experimental detonation velocity

The value of detonation velocity used, U, = 7.2 mm/usec,
had been prev.ously measured (5). ihe data Y,, t, obtained from
the experimental records and the detonation velocity (Ug) were

supplied to the IBl! 7090 computer, The computer chose the best
equation, by a least squares mniethod, to represent the data as a
spherical front, Jince no experimental record (Fir, 3 - 5)

11
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showed any departure from the spherical shape at the lateral
boundaries (edge effects), data over the entire front were used
to obtal: the best representative sphere, The results are
presented in Table 12, In those instances where more than
three experiments were made, a standard deviation of + 3.2
(25,4 mm long bare cylinder) and + 3,3 (50,3 mm long bare
cylinder), were calculated, The mean value is given in all
other cases, In most instances the spread of the data from the
mean 1s about equal tec or less than 3.?5 with the exception of
the 203.2 mm long unconfined cylinder (%), This smaller
precision is probably due to the proportionately cmaller seg-
ment of the sphere used to calculate the radius of curvature in
this long¢ charge,

Figure 7 15 a plot of the results 1isted in Table 12:
radius of curvature on the axis as a function »f the lergth of
the unconi'ined c¢rlinder., This curve is compared with a line
representing the growth from a point initiation, of a spheri~zal
wave vhose radius is equal to the length of the cylinde:*, For
any given lensth, the radiu- det¢rmined from the experimental
results appears larger than the georetric radius (radius =
lenzth), The initiation of the charce occurred over an area
approximately 6 mm in dia (Fig.4)and 1 rm from the beginning of
the charge (5) rather than at a point at the base of the charge,
This has the eflect of increasing the apparent length of the
charge, The eaperimentally derived radius 1s 1,00 times grecter
than charge length for the 25.i4 mm and 50.3 mm charges, and
1,07 and 1,14 tires larce» for the 161,50 rm and 20%,2 mn charges
respectively., If the initilation for all the charres were the
same, the largest deviation from the geometric radius would
occur for the smallect lencth charge, However, the initiation
front is dependent upon the detonator (Fiss. 3 and 4), As a
result the initial wave front in the tetryl is not planar, need
not te symmetricai, nor need it bte initiated over the same
cross-sectional area for each charge (See Fig, 4)., Thus the
mode of initiatlon will afiect the measurements, i conmbinaticn
of this experimental variation and the Jrecision of the
neasurenents can account for the apparent small departure of
%he det?nation front curvature from spnerical expansion

Fie. 7).

As the jength of the charre inereases, the vadll of
curvature continue to increase, A “steady state” vadius vhich

* Continuous sphertica. ¢zpancion ic to le expected if the
reaction zone of %h: exploslve has Zero tnickncss; In tals
case, 10 raretractions can cateh up to (and alffect) the
r2action :one,
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does not increase with an increase in charse length was not
obtained for the ranre of charres studied, Because no signifi-
cant departure :ronn the curve {or spherical expansion could be
ovserved up to (L/D) = 4, the existence of such a steady state
radius of curvature appears dublous, However, such a radius of
curvature {constant, at an 1/D greater than 2 to 3.5) has been
reported for a number oi "idcal™ explosiver (3).

The Effects of hooster Shape, S5ize, and Confinement or the
onation n

The phycical states of the three boosters are quitve
different: a bare cylinder, a cylinler confined by a 1/2 inch
thick steel wall, and a truncated cone whose mass is about 1/3
the mass of the crlinder, FPor a charge length of one radius
(25,4 mm), the curvature of the detonation front should be the
same for the crlindrical charges (confined and unconfined). It
is only after the front has traveled 25.4 mn or more that the
influence of the envioment, civine rise to rarvefactions for
the unconfined charce and shock reflections for the confired
charce, micht tecome effective, 1In the conical charge, the
detonation reaction is subjected to lateral rarefactions almost
from the instant of initiation., The effects of these parameters
on the shape of the detoaation fronv are compared in Pigure S,
which displays radius of curvature as a function of length for
aach of the different charres,

Consideringe the-larce differences in the boosters, the
resultant chances in the chape of the detonation front (Pis, 8)
are relatively small and are of the same size as the experinen-
tal error. The apparent differences at (L/D) > 2 are, however,
generally ‘n the direction to be expecied for cnall effec s of
greater lateral rarfaction in the cone and lesser lateral rare-
faction in the conlined cylinder as compared, in both cases, to
the unconfined cylinder,

Effect of Boaster Change:s on Exnlosive Loading

To ohserve the eflect: of a variation in booster configur-
ations on the pressure or impulse loads produced by boosters,
the attenuation:s of non-reactive chocks caused by the booster
loadiny: of Plexiclzs rosds (See Plr, 2) were measured and
compared, The eryperimental dats (Tables S-11) were numerically
curve fitted, The resulting distance-time equations were
differentiated with respest to time to obtain the shock velocity
in the rlexi~las, <Cwrrens procedures for the data reductioa ar:
raportad in ereater detail in reference o, App, II.

14
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Given the Hugoniot relationships for Plexiglus, which

relate particle velocity, shock velocity and shock pressure,
it 1 idle to compare the shock pressures obtained in the
Plexig cylinder as a function of the dooster used, However,
“he accuracy of the availlable experimental Hugoniois relating
shock velocity and particle velocity are questionable, More-
over, because of the calculation required to derive the ahack
prumu from the »22.k velocities, th® errors mede in reading

the experissntal data and obdtaining the shock velocities are
then megnified ty differing amounts throughout the pressure
range studied, Consequently, shock velocities rather than
pressures are compared here,

The experimer.tal shock velocities as a function of time
in Plexiglas ahocked by charges of different lengths nre ziven
in Tadle 13 and are plotted in Figures 9 - 12, The value at
zero time, 1.e,, at the tetryl-Plexiglas interface, 13 an
extrapolated value, The first oxperimental measurement in the
rmmmmaeMtsum-mxmrtm At this
’omt the precision of the velocity is bdslieved to be abcut

however, the error decreases with an increase in the
Imth of the rod, and 1s approximately + 0.1 - 0,28 al 100 mm

of Plexigias., The time-dependent shock Pressure amplitude in
the Plexiglas will depend upon ths impedance mismatch detween
the tetryl detonation products and Plexiglas and on the com-
plete pressure-time history bdehind the detonation freat, PFor a
given dooster in which the steady state has been achieved, the
pressure-time profile behind the detonation front may dbe divided
into two time intervals, The first ic a short period of less
than a microsecond in which the high shack pressure (von Neumann
spike) at the deconation front falls to the Jdetonatior pressurs
at the end of the reacticn zone (Chapman-Jouget point), In the
second interval, which is much longer than the first, the
pressure fulls from the C,J. pressure to an ambient »ressure,
Theoretically, the first interval is reproducidble, but the

sscond may noc be, as it depends upon size, shape, and/or con-
finerent of the boouster,

When the pressure-tires profile behind the detonation wave
is very steep, the welocity of the shock in the Plexiglas will
attenuate extremely fast within a short distance past the
interface, The initial and steepest nortion ~f the attenuation
curve will lie relatively close to the vertical axis nf
Figures g - 12; the most rapid .ctemuation occurs befeore the
first experimental observaticn at 5 mm, Thms ar extrapoiatior
back to zero length of Plexiglas wiil mnot follow the true
atter-ation curve and will yield a shock velozity wvhich is
lowe than the actual shock velocity at the interface, As the
pressure~distance profile in the dbooster decomes less steep,

16
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., the attenuation race of the shock
and the relative error in the extrap-
interfase 1s smaller. Of course it
presoure transmitted by the von Neumsnn
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travel greater than 5 s Plexi-
ttenmation are approxiuately the same for
all three booster lemgths. course, the
th 1is te or st
the pressure
initial preseure vhich is much lower than
the actua pressure.

Por the region 5 to 100 am Plexiglss, Pigs. 9 snd 10 show
velocity (and pressure) decreasing with path length watil

the curves from different length boosaters become experimentally
coincident at about 50 sm and above. In Pig. O, the three
curves do rot show as saooth 2 trend with veriation in dooster

h as would de expected; in icular, there seems to be
no lewelling off of the initial (extrapolated) values with
increasing bdooster lemgth, as would be expected. niddle

paralleling
and too ugn &t 50 mm and
moce. The calidration curve for the stamdard dooster (50.8 mm
greatest mmber of shots

3

produce too small a slope ir the
inttial part of the curve. Additiomel evidence of thic appears
in the comparison of amslogous curves for cones and cylinders,

Figure 11 compares the calidration curves for the three
toosters of 50.3 sm length. The three curves are, within
experimental error, coincident for the first 50 sm of shock
travel, Pigure 12 makes the corresponding coryarison for
101.6 om cones and cylinders. Although there appears o be 3
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a greacer difference than in Fig, 11, it 1s still within
experimental error. Moreover, the apparent difference (stronger
shock from cone than from cylinder) is, in this case, in the
wrong direction, Since the curve for the 101,6 mm cylinder is
already suspected to be in error by showing an insufficiently
steep, initial slope, it is a reasonable working assumption that
here, as well as in the case of the 50,8 mm boosters, the curves
should be coincident for the first 50 mm, and that the curve for
the cone hagpens to be closer to the true common curve than does
that for the cylinder., Substitution of the 101,6 mm curve from
the conical booster for that of the cylinder in Fig, 9 i a
change within the experimental error which aligns the data to give
smoother experimental trends. The validity of this substitution
is supported by the gap test results shown in Table 14,

Three sets of explosive charges covering a range in shock
sensitivity were prepared, Each was tested for gap sensitivity
with the cylindrical tetryl boosters of 50,8 mm and of 101.6 mm
length., PFor the 50.8 mm long boosters, the corresponding shock
velocity at the end of the gap was taken from the standard
calibration curve because, as argued above, this curve should
be the more accurate., With this assumption, the 50% gap values
obtained by use of the 101,6 mm long boosters then give three
points on a calibration curve, shock velocity vs, zap thickness,
for these longer boosters, Comparison can now be made of the
curve indicated by the gap test values (columns 2 and 3 of
Table 14) with those already obtained for the 101.6 mm long
cone (column 4) and the 101,6 mm long cylinder (column 5), It
is evident that the curve from the gap test values lies closer
to that for the cone than to that for the cylinder,

Irrespective of the extent of the error in one of the
curves, Figs, © to 2 supply much of the information sought in
the study. Figs. G and 10 show that there will not generally
be a simple relationship between the 505 gaps measzured with
different length donors, The trend i1s longer gap with longer
booster, but the difference 1is greatest for insensitive materials
(small gaps) and decreases to zero for the more sensitive accept-
ors, Substitution of one tooster for another in a gap test
requires a calibration for both boosters to explain the tw. sets
of results, for they can be correlated only in terms of initiat-
ing pressures (or shock velocities), not by measured 507 gap
thicknesses,

Figures 9 and 10 show the calibration curver for different
booster lengths converging, and this 1s the expected trend, It
1s easy to see, however, that for small changes in L/D (0,037 to
1.274), tests over a limited range of gap might give 0 gap

22
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values which differ by what appears to be a constant thickness,
within experimental error,

Pigure 9 shows that the boostering effectivensss increases
with charge length, and that it 1s still increasing at
(I/D) = 4, 1If the suggested correction is made to the middle
curve, i.e,, substitution of the curve obtained with the
%g}.? mm“cone, the rate of increase is beginning to fall off at
D) = 4,

Figures 11 and 12 show that the shock waves produced by
the cylindrical and conical tetryl boosters of equal L/D are,
within experimental error, the same for path lengths of up to
50 mm in Plexiglas, After longer paths through the attenuator,
the curves show apparent differences according to the booster
type. The maximum differences at high attenuation are in a
region where conversion of shock velocity (U) to pressure by use
of Hugoniot data is inadequate (6), DMoreover, the greatest
difference in U 1is 0,2 wsec which is the order of magnitude
of experimental error. More precise measurements of U accom-
panied by careful measurements of free surface velocity in the
high attenuation region might establish whether the apparent
difference is a true one; no further work has been done on it
because this particular point is irrelevant to the purpose of
the present investigation,

No experimentally significant differences were detected
between the conical and cylindrical boosters of the same length
either in the rhape of their detonation front or in the shock
pressures their detonation caused in thin layers of Plexiglas,
Thus it would appear that in a practical test of explosives and
propellants at zero gap a cylindrical booster may be replaced
by a conical booster as long as the same L/D ratio is maintained.
In the case of the truncated cone, the diameter of the larger
base is used to compute L/D,

CONCLUSIONS

Several observations have been made, These are:

1., There 1s no significant difference between tetryl
boostercs, in the form of truncated cones or cylinders of the
same length, in either curvature of the emerging detonation
front or axial stimulus delivered to the acceptor at zero gap.
Hence for large scale shock tests it 1s preferable to use a
cone rather than a cylinder to reduce the weight of the
required explosive charge,
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2. DBoosters of the same length but different geometry
show similar shock attenuation in Plexiglas up to about 50 mm
thickness of the attenuator,

3., There is no simple way to correlate gap test results
obtained with boosters of different lengths without calibrating
the booster-attenuator systems,

4, Although increasing booster length increases the
measured 507 gap, the same initiating pressure for a given
acceptor is measured in either cace in the range L/D > 1.

5. The booster effectiveness definitely increases with
length. It is still increasing at an L/D = 4,

6. The curvature of the detonation front in a finite,
approximately point initiated charge shows no sign of attaining
a constant value up to L/D = 4, Indeed, it 1s still following,
within experimental precision, a spherical expansion,
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TABLE 2 - Shock Front Profile - Unconfined Tetryl Cyli ‘Aers
(50 mm long)

usec

EE. t A-124

psec

usec

—

'mgﬁ'ﬁc‘?%r‘nr%%a%‘%%

usec

25.0
23.6
21.6
9.4
16.6
13.8
11,
9.3
6.8
L4
1.5
0
1.4
3.0
5.0
7.9
10.3
12,8
15.3
17.6
19,8
22,5
5.7

0.70
.64
53
Al
33
23
.16
.09
0%
<03
.01

)
.01
.01
05
.09
.14
.21
.30
40
.48
.63
77

25,0
22,5
20,0
17.5
15.0
12,5
10,0
7.5
0
7.5
10.0
12,5
15.0
1705
20,9
22,5
25.0

0.76
.64
.51
.38
.30
.22
.16
.09

0

.08
o15
.21 !

.29

.39 |
.50 °
.61
.76 .

25.0
22,5
20,0
17.5
15.0
12,5
10,0

7.5

0
T.5
10,0
12,5
15,0
17.5
20,0
22,5
5.0

0.7
.01
«50
<39
«29
.21
e13
.08

0
.07

25.0
22.5
20,0
17.5
15,0
12,5
10,0
7.5
0
7.5
10.0
12.5
5.0
17.5
20,0
22,5
25.0

|
{

et s s e e
v

C.76
.64
51
.38
«30
.22
.16/
09

o
.08
.15
.21,
.29

.39’

«50;




NOLTR 65-33

TAHLE 3 - Shock Front Profile - Unconfined Tetryl Cylinders
(101.6 wa long)

Expt A-22 Expt A-23 Expt A-24
‘D!I!Il!"?‘T!!Z“‘"‘DII!IHB!‘T‘r!l!“““‘Dll!tﬂEt’T‘T!ﬂl‘
L

"R usec L usec usec

25,0 | 0.36 25.2 | 0,4 24,6 | 0,35
21,0 25 22,0 34 22,0 29
18,8 .20 20,0 .27 19,1 22
16,0 .13 17,2 .19 17.0 .16
13.6 .08 15.1 .14 14,4 13
11.1 .05 12,2 .10 12,1 .08
0 0 9.8 .05 8.3 .06
8.4 05 | 1.3 .04 5.1
10.8 .09 3.4 .01 0 0
1.2 0 0 4,6 .02
15.7 5.7 .01 7.4 .05
18.1 .27 8.5 .03 10,6 .08
20,7 12,2 .07 13.5
23.0 14,8 .11 15,4
25.4 17.1 .16 17.4
19.7 .25 19,7
21.9 29 22,4
25.1 .37 25.1
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TABLE 4 - Shock Pront Profile - Unconfined Tetryl Cylinders
(203.2 mm long)

| Expt. No, A-47 A-48 A-52

Distance Time Time Time
mm usec usec usec

25.4 0.20 .19
24,1 .18
22.9 .15
22,0 L4
20.3 .13
18,0 , .11
17.6 ’ .11
16,5 .09
15,2 : .08
14,0 : .06
12,7 .05
11,4 ' .ol
10.2

0 0
10.2 .03
11,4 : ‘ .05
12.7 . ‘ .06
14,0 ‘ .08
15,2 ' ‘
16,5
17.8
19,0
20,3
22,0
22,9
24,1
25,0
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TABLE 5 - 3Shock Front Profile - Confined Tetryl Cylindercs
(25.4 mm long and 50.% rm long)

|
| Length 25,4 mm_ I O P28 - S
Expt lo, A-125 | A-1373 z Expt lo.

- sy G oo o o ot
ren et s a it w2

Distance Time Time Distance| Time
mn asec | usgec it isec

- - el ——— -t - fr b as = e > w o arn e e @ bar 2 ar - - - 4§

1.77 1.5 : 25,4 0,56 2.71
1.13 ! 1.10 22,9 a4l oee ] 53
0.9 5e 2C. 5 iz 44
G 17,2 .23 7
15,2 L2k .22

12,7 17 .17

.11

L 3 L
[ IR A2 1]

[SA WA VYR S BN { I

L)
Yl g ity
VO

[T I A
- g

* [
=N

.

10,C
1.2
15,0

TeZ

20,90 T
i
22,5 1,11 ; 1,15 |

it llj I

i
L]
1
§
1
i
i
!

* ConTinement consistc of steel tube i2,7 rm thieck
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TABLE 6 - Shock Front Profile - Confined Tetryl Cylinders
(76.2 sm and 101.6 mm long)

.01

.02
.04
.08
.24
.19
»25
32

- - — k0 e

-

prvsmsvamnnmnnes ot pane « mar in

S04 |
.08 :
.12

-y
oy

2k
o>

.30

- - o v

- e

.03
T
.05
.12
.20
.26

3

L g

e 16,2 mm e _101,6 mm_
[Empt No. | A-370 |A-171 [a-172 | Expt No. [a-127 [5-129
Distsnce | Time | Time | Time | Distance | Time | Time
- usec | usec | psec mm_ | usec | usec_
25.4 0.55 | 0.54 | 0.5 | 25,0 | o.40]| 0.39
22,9 | 44| 5] .36 22.5 33| .32
20,3 : 4| ,36] .261 20.0 26 .26
1.8 | 26| .21l 20! 1755 | .2l .20
1.2 i a8} .20! 4! 1s.0 15, .15
12.7 A3 L5 .05 12,5 107,09
102 ' .8! .0; .! 100 ' Lor| .07
7.6 O 06! 021 7.5 03| .02
5.1 02| .03 .01 0 - .

- - s i o

137 |

.~ @ w -

Time
e 1

s
0.42
4
.28
.22
15
.11

- —— - —t

.15

.07
.0l
.03
07
.10
15
.20
.26
o33
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TABLE 7 - Shock Pront Profile - Unconfined Corsss
(25.4 mn, 50.8 =m and 101.6 mm long)

250" nix 5008 R 101.6 "

Expt ¥o, A-ﬁl&-ﬂ [A;60 |A-53 -22.5-22 A-66 A-6jli:§é
Time | Tize |[Time {Time |Time | Time | Time | Time | Tize
usec | usec ULSeC jusec )jusec 13€C | 18€C | usec

1.33 | 1.50 0.76 10.77 | 0.76 }0.39 | 0.47 | 0.6
1.06 1,16 £l Bh] 68 31 381 .2
Bhy o4y 95 a9l 50 s1) 28] .30| .20
ORI TR S8 291 .39 .18 .14
R 27T | 29 .30 14
35 v 1 A3 E 18| L19 .08 .08
.23 { J1 .12 .06
01“6 .20 ,08 008 .W -
W37 A%} 08 | 08| .08 -
30 22 | 18| 28| 18! ,09
.42 ; JJ2 ] W21 | 23 23] a2
S8 o84 1 L3C 1 33 ,32
TS5 | o7 50 | JB2 | 42 a5 | 22
951 B3| .76 .53 | .58 .56 | .20
1.18 {107 | .98 .67 | .68 ] .69 | .38
1.40 11.20 §1.26 | .82 | .80 | .83

® Apex 9.5 ma diameter - Beae 50.8 mm diameter
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TABLE 9 - Shock Attenuation in Plexiglas - Tetryl Cylinders -
Unconfired (101,6 mm and 203.2 mm long)

-t

50,8 mm ('1a x 101,6 mm long 50.8 mm dia x 203.4 mm long

- -—— e o

Expt A-169 Expt A-140 Expt A-177 Lxpt A-180

Time Distance Time Distance Time Distance Time Diatance
usec mn usec rm nsec mn psec run

0.86 360 0,60 3.4 0,55 2 0.55 3.2
1.79 10,0 1,83 9.7  1,i2 1.11 6.
2.77 15,0 3,06 16,0 | 1,457 1.67 ¢.5
3.82 . 20,0 4,36 22,4 2,28 ! | 2,26 12.7
4,96 25,0 5.T4 28,8 2.90 2,37
€.10 30,0 7.28 35.1 3.51 PR
T34 35,0 2,01 41,4 - z . 8,10
i 8,66 40,0 10,76 4,72
, 10,09 £5,6 12,71

11.50 50,0 14,60

'13,01 55,0 22.61

114,53 0.0 4.

16,04 65.0 238,85

'17.55 70.0

119,12 75,0

20,74 §0.G

22,39 8,0

24,02 90,0

25,63 95,0

27,27 100,0
28,75 104,5
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TRBLE 10 - Shock Attenuation in Plexiglas - Tetryl Cylinders -
Confined (50,8 mm long)

50,8 ma dia x 50,8 mm long in 12.7 mm thick steel

Expt A-173 Expt A-174

Time Distance Time Distance
Lsec mm usec mn

- -

0,92 5.0 0.91 5.0
1,94 10.0 1,95 10,0
2,97 15.0 2,97 15,0
4,11 20,0 4,12 20,C
5,30  25.0 5,30 25.0
6.56 30,0 6.55 30.0
7.78 : 35.0 7.79 35.0
9.12 ' 40.0 9.16 40,0
10.55 |, 45,0 10,52 45,0
11,95 50.0 1,02 5C.0
13.45 55.0 13,51 55,0
14,92 60,0 14,92 50,0
16,86 | 65,0 16,48 €5.,0
17.95 | 70.C 17,96 70.0
19,53 . 75.0 19,52 75.0
21.02 80.0 21,07 80,0
22,57 85,0 ‘ 22,60 85,0
24,13 90,0 24,14 90,0
25.71 95.0 25,72 65,0
27.32 16C,0 27,24 100.0
28.93 105,0 28,83 105,0

- ke e e
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