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The Effects of Configuration and Confinement
on Booster Characteristics

I. Jaffe and A. R. Clairmont

ABSTRACT: The purpose of this work was to examine the effect
of certain changes In size, shape, and confinement on the
effectiveness of tetryl boosters. Effectiveness was judged in
two ways: by the booster's approximation to a plane-wave
generator and by its Initiating strength Consequently the
measurements made were of non-planarity jradius of curvature)
of the detonation front emerging from the booster and of the
shock velocity vs distance curves of the hydrodynamic disturb-
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 effectiveness increases with Increasing
length and is still increasing at A/d of 4 contrary to litera-
ture statements that curvature of the detonation front is con-
stant at ./d a 3 and that booster strength becomes constant at
£/d a 1.5. The validity of using truncated cones in place of
,ylindrical boosters in large-scale field tests of detonability

was confirmed. The variation of 5Wj gap thickness with booster
length (and corresponding invariance of critical Initiating
pressure), for a given test material, was quantitatively
measured.
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The work of this rM, is one phase of a continuing
investigation of the sensit .ty of propellants and explosives.
Observations were made on tha effect of certain chanees 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 planarit , and the relationship between
length and booster efficiency, The investigation was carried
out under Task RMWI-22 14 9 /212 1/F009/06-11, Propellant and
Irgredlent Sensitivity.

R, E. OENIM
Captain, USN
Comander
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The Effects Of ConiguVration. and Confinement
on Booster Characteristics

I. Jaffe and A. R. Clairmont

IMTO WCIOII

For lamce scale, critical dimter tests, replacement~ of
the cylindrical booster by a truncated con has been recowinded
(1); an equivalent stimulus delivered to the test material from~
approximately 113 the amount of booster explosive "as desired.
For the laboratory scale, gap sensitivity test (2), strong
recommendations hae been made to replace the current booster of
ler~th to diameter ratio, L/D - 1, with a cylinder of L/D ;t 3.
There i3 general agreement that an L/D of 3 or more Is desirable
to assure a build-up to steady state fres a minimal shock initia-
tion, but this does not seem relevant to the use of an adequatel.y
detonated booster in masuring the shock sensitivity of an
acceptor ..-t material (lID z 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 wae front
emerging from the booster and t,,*- shock it set up in ?lexiglas*
were used for this purpose. In addition to metilng these objec-
tives, the data acquired serve to correct the followine 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 50% gap value for a booster of L/D - 0.6r7
will differ from that with an L/D - 1,274 by a constant thick-
ness (14); and

3. that increasire the booster length beyond LIE) - .
will have no further effect (14).

SManufactured by Rohm, and ILaas
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El? ERIM?rkL PROCEDURE

A, The Wave Shape

Tetryl pellets (p0 = 1.51 + 0.01 g/cc), 50.8 mmi in
diameter and 25,4& = lon~e, were stacked and cemented together at
their periphery to form cylinders or various lengths. These
cylinders were used unconfined or confined In steel pipes (50.3
mmn 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 coniec were
ktept cordtarat at 9,5 mm diameter and 50.8 mm respectively, The
artle o! inclination of the cones varne with the lervgth of t ri

cone,

Figure 1 is a comiposite drawirM showize. the gen~eral
arrar~e-uwnt used to observe the wave planarity of the va'-los
cha-ecs, A I.o, r'1-l'stirc cap* was uzed to Initiate t". ?Kozzter,

The canp was lined up ith the axris ort t"e chare, and held ir.
place by a cylindrical piece of vood (50.6 cm dia., 25 ..n lorAF),
cemented to the bace of the cNharge,

An aluminized 1eilsflazher-, 7-. =- in 14azeter and
3. ar thick, uas cem~ented at its periphery to the end of ttw

charge. The thin layer of air- sarndwiched between the charge and
the disc flashes when It iz ht by, the zhock wwve. The intensity
of the flash increases the illumination, facilitat-InC the

reodinrcf tl.he wave shape by the smear exr , The carerzi Vievc
the shod.: fron- t'hrouch a srnall transparent area, -. 2 nr. *v-Ide,
which divides the disc into fcur eq'ial par'Vs4 (see FIC. l

To alienr the axis of the charg-,e with the optical axis ofr
the camera, a bear of liZht waz proj)ectee ba~ck lth'ou-,h the
camera onto the alum-ini.zed rurfaco of the flasher, rThe .3sseanby
was adjusted until the bean of lirht- was reflected back on its
incident path, placing_ the cha--r', axis in lr~e vith th.- optical

The procedure was ched to observ';e the shape or thuw
shock. wave at the end of a hlaztin j cap o , detona--or. The cap
was ali~ned in the ranner descrbeij abov-e, Limt since the ilhin
ation produced by the cap wcas toG umak tr. oebtai4n pozzttire smea'
record, the wave rhzpe was folowed by olbservirZ tn;" inzerrpttor
of reflected lirght' off' an alliminlz, d 1Ic2 1.J :-_.~aj x ~
thick at the end or the detonator. lbe 14i'ht f'c~ .r explodiik

M anufactured 1. Ciin-Irathia:-on
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wire, was arrarced at an appropriate angle in front of the disc
which reflected the beam alonZ the optical axis irto the camera.
The writing speed of the smear came-a was 1.32 r.W/bsec.

. he Shock Velocity

FPiure 2 is a schematic diagram of the arrazvcment
used to reasure the shock veiocity in a Plexiglas rod, The
Plexiglas attenuators were A;achlned froL, 50.6 im flat stock to
a cylinuler approximately 52 mm la diameter, containing two
parallel, opposir flats approximately 9-10 mm wide. The flats
provide an utistorted optical path through the Plexiglas.
Thin lrles perpendicular to the axis of the cylinders, were4nscribed on the Plats to mirk off known axial dist _nces. A
shield, conzitin- of ilexi'laS 20e G p&M wA 2.& ce thik,
was used to prevent the reaction products from obst='ucting the
view of zhe cacra. The center portion of the shield was
machined to a tt-.Ic,:ne s of T.2 =n (see Figure 2). This addi-
tional thickness of 1 4-_.laz, carefully measurud before each
tes., ,.ac con:idered an part of the total attenuation path,

A an.rror, -i-dlar to ;he flasher used above, was fixed
te.-F ;-ar!l:- t. a :--linder flt. The mirror was placed concen-

:r -with the n-'.Jpe!nt ta1er. alo.r. the leith of the cylinder.
The entire assentily was align-ed, with the aid of the mirror, so
that It= lonritulinal a::= w.-i perpendicular to the optical axis
at :..e ridpolnt alorz- the le. -th of the cylinder.

-- ~"..- .;a= s-c.: :,-hv!cd by an exploding, tursten
.:ire. 2'oms which XiY) volt- were dischar -..ed, The wire, 0.05
.-z.' ter an' 7- r-. )r-, :as :mtru- in a 2.5 -m capillary

7zed -, ce3 .t the focal point of a 15 cm lens. The lens
was uhed to loiiL-a'te:ht bhind the cylinder. The

dr -.- pocitioe "4 m nro%.zate1y 10 c- in front of the
len..

REZU12TS
Fi. ure: , ., ar e._.roductions of the smear canera

record= r~x-nlfied .. rprc.i..te1.1 - tines. There particular
record: fotlo t.. .eveor.t of the :-ave becInn-ir at the end
of -.he dlet-^tor, .'uzt prior to enteri- the tetr*l charge, to
the endI of an unconfined, 2).3 . o !o-, cylindrical charge.
The rrid liner, whih are ..pelcpoed upon the oriCInal
rec-.rdz, are equivalent to 1.M. vccr:/dlvislon alornC the tie
a;.I: .-Te horizontal ntrea, .n th: center of the record, is a
refvrenc- 1!ne which facilltate: r..adI .nj the records, In most
instances, th-- 4i:tan.e :an be measutr ed to , 3.1 rn wvl. the time

/ ! " I-a
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to 0.03 Rsec. The results are listed in the Tables 1 - 7.

Figure 6 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 imm and the time to 0.03 iLsec.
The data have been recorded in the Tables C - 11.

DISCUSSION

The '"ivp Profile

Figures 3 - 5 show the progress and development of the
wave front from its inception at the end of the detonator cap,
to tht. end of a cylinder 50.3 mm in diameter and 20.32 cm long.
The incident wave front off the cap is quite irregular and
spread over an interval equal to 0.5 4.sec (Fir. 3). The effect
of this is to initiate the tetryl charge over a region approxi-
mately described by a circle whose diameter is somewhat greater
than the diameter of the detonator (6 =). The influence of the
cap on the wave shape is quite apparent at the end of the 1.6 mm
of tetryl and is still evident at the end of 3.2 mm of tetryl
(Fig. 4). The irregularity in the front is completely lost,
however, at the end of 12.7 mU of tetryl.

As the wave continues down 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 tetryjl, there is a 0.2 I.sec
interval between the arrival of the center and the edgees of the
shock wave. The curves for the most 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 in the solid,
tetryl cylinder, appears to be analogous to the expansion of a
compression wave in a homogeneous medium such as water.* The
charge is initiated at numerous points over a circular area of
approximately 6 mm. Each point of inittation acts as a point
source activating the material around it, creatine, minute 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 enough time and material, I.e.,
long enough path of travel, any Irregularity in the detonation
front disappears, and the wave front appears in the cylinder as
a segment of a sphere which is expandine, radially at constant
velocity.

Huygen'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:

22 2R I R0 2 + Yi (1)

or
R2 Y2
R - = 1 

(2)
Ro Ro

a rectangeular hyperbola where

Ro = radius of curvature of the detonation front at
time, to

t o = the time that has elapsed fror. moment of initiation
to the moment the shock front reaches the surface
of the charge observed by the slit

R, = radius of curvature of wave front at t

Yi - distance front has traveled along the surface of
the charCe at time t i

t I - 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 cawera trace

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

(UDto + UDti)2 = (UDto) 2 + Yi 2  (3)

where

UD = experimental detonation velocity

The value of detonation velocity used, UD = 7.2 mm/4sec,
had been prev.,ously measured (5). The data Y,, t obtained from
the experimental records and the detonation velocity (U ) were
supplied to the IM!1 7090 computer. The computer chose ?he best
equation, by a leact squareo method, to rcpre,,ent the data as a
spherical front. Since no experimental record (Fitr. 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 obtai't the best representative sphere. The results are
presented In Table 12. In those instances where more thanthree experiments were made a standard deviation of + 3.2,
(25.4 mm lorc. bare cylinder) and + 3.CQ (50.8 mm lone-bare
cylinder), were calculated. The iean value is eiven in allother cases. In most instances the spread of the data from the
mean Is about equal to or less than 3.5 with the exception ofthe 203.2 mm lor urconfined cylinder (&), This smaller
precision is probably (lue to the proportionately smaller seg-ment of the sphere used to calculate the radius of curvature In
this long charge.

Figure 7 Is a plot of the results listed in Table 12:radius of curvature on the axis as a function of the lergth of
the unconfined cylinder. This curve is compared with a linerepresenting the grot:th from a point initiation, of a spherlialwave whose radius is equal to the length of the cylinde - . For
any given letwth, the radiu -: detqrmined from the experimental
results appears larger than the geormetric radius (radius =lerrth). The initiation of the charge occurred over an area
approximately 6 m. in dia (FPg.4)anId 1 ra from the beginning ofthe charge (5) rather than Pt a point at the base of the charge.
This has the effect of increasire the apparent length of thecharge. The experimentally derived radius Is 1.09 times greter
than charge length for the 25.4 =m and 50.3 mm charges, and1.07 and 1.14 times larger for the 101.6 mm and 20.2 mr, charges
respectively. If the initiation for all the charger were the
same, the !agest deviation from the geom.etric radius would
occur for the -malle-t length charge. However, the initiation
front is dependent upon the detonator (Firs. 3 and 4). As aresult the Initial wave front In the tetryl is not planar, neednot be synmetrical, nor need it be initiated over ths same
cross-sectional area for each charge (See Fig. 4). Thus themode of initiation will. affect the measurements. A conbinaticn
of this experimental variation and the )recision of the
measurements can account for the apparent small departure ofthe detonation front curvature from spnerical expansion
(FIE. 7).

As the 0n-th o'f the chrr.e Increases, the radii o!
curvature continue to Increase. A 'steady state" rd's which

* Continuous sphertc:}- erpanion Is to Le expeoted if the
reaction zone of tht; explosive hat :;ero 'Uilcknesz In til.case, no rarc'actionn enn catch up to (and at:'e(t) t.c
roaction ::one.

12
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does not Increase witl an increase In chare ler.th was not
obtained for the rarm.e of ;haret studied. because no signif
cant departure ra.i the curve for spherical expansion could be
observed uip to (L/D) - 4, the ezi.tence of such a rteady state
radius or curvature appears dub-ous. However, such a radius of
curvature (constant, at an L/D q.reater than 2 to 3.5) has been
reported for a number of "ideal" explosiver (3).

The Effects of Dooster Shape. Sze.and Confinement or the
Detonation Front

The ptkyical states of the three boosters are quive
different: a bare cylinder, a cylinier confined by a 1/2 Inich
thic: steel wall, and a truncated cone whose mass is about 1/3
the mass of the c:linder. For a charee length of one radius
(25.4 r£..), the curvature of the detonation front should be t"e
same for the c::lindrical charges (confined and unconfined). It
is only after the front has traveled 25 ,4 mn or more that the
influence of the envi,%nment, giving rise to rarefactions for
the unconfined charg-,e and shock reflections for the confired
charCge, birht become effective. In zhe conical charge, the
detonation reaction Is zubjected to lateral rarefactions almost
from the inztant of Irtiation. The effects of these parameters
on the shape of the detonation fronu are compared in Figure 8,
which displays radius of curvature as a function of length for
each of the different charges.

Considerin the.large differences in the boosters, the
resultant chazEez in the chape of the detonation front .Pin.. 8)
are relatively small and are of the same size as the experimen-
tal error. The apparent differences at (L/D) , 2 are, however,
generally 'n the direction to be expec ed for rmall effectz of
grcatcr lateral rar'-faction in the cone and lesser lateral rare-
faction In the confOlned cylinder an compared, In both cases, to
the unconfined cylinder.

iffect of Boonter Chaniez on Exnlo-ive LoadiW,

2o observe the effect:; of a variation in booster configur-
ations on the pressnure or Ir.ipu. .e loads produced by boosters,
the attenuations of non-zeactive shocks caused by the booster
!oadiir of ?lexiglas rcy!. (See P '. 2) were -measured and
compared. The eype-.Wental date (Tab~es 5-1l) were numerically
curve fitted, The renult.itne distance-time equations were
differentiated with respect to time to obtain tPe shock velocity
in the Plexi-laz. Cor.ent procedures far te data reductioa ar
reported in .reater detail In reference ., App. UI.

I II I II I I II I I I I I14
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Olven taw Nigoniot relationships for Plexiglas, which
relat particle velocity,, shock Velocity and shocik pressure,
it is possible to compar'e the shock pressures obtai~d in the
'leoxftlao cylline as a function of the booster used. JSwever,
the accuracy of the available *Verlmental M~onioto relating
shock velocity and particle velocity am' questionable. More-
over, because of the caculation required to derive the ahv~*
pr'essur'es from the velocities, the errors usA. In readirM
the experimiental data sand obtalnift the shock velocities are
then wagalfied by diffewlz iwnts; throughout the pressure
raaW studied, Corsequently, shock velocities rather than
pressunes a&e coand here.

The experlsor-tal. shock volooitler as a (unction of tim
In Pieziglas shocked by charges of different lengths sumr given
In Table 13 said are plotted In FIgures 9 1 2. 2he value at
zero time, i.e. at the tetryl-Plexiglas Interfaces in an
extrapolated value. Mw first epewliontol aeasuement in the
P2@lxglas was nod* at sbout 5 no from the interface. At this
point Ow precision of the velocity Is believed to be &Icu
+ %; however, the error decreases with an Increase In the
'Tei'Wth of the rodj, and Is soroxuftely + 0.1 -0,2% W. 100-
of Plexiglas. The tloo-dependent shock pressure nWitude In
the Plexiglas will depend upon the ispedanee mloitch betuwen
the tetryl detonation products and Plexiglas and on the cow
plete pressre *time history behind the detonation froat, For a
given booster in which the steady state has been achieved, the
pressure. tim profle* behind the detonation front may be divided
into two time Intervals, The first it a short period of less
than a microsecond in whch the high shi)ck pressure (von Nournn
splike) at the de;onation front falls to the letonatior pressure
at the end of the reacticn zone (ChapmanJouget point), In the
second Interval, which is much longer than the first, the
pressure falls from! the C,3. pressure to an ambient pressure.
Theortically,p the first Interval is reproducible,, but the
second may not be, as It depends upon six*, shae and/or con-
f ttnet of the bouster,

When the pressure-tire profileo behind the detonation wave
is very st*", the velocity of the shock In the Plexiglas will
attenuate extremely fast within a short distance past the
Interface, The Initial and steepest portion ^f the atteniuation
curve will le relatively close to the vertical axis of
Figura9 - 12; the most rapid Attenuation occurs before the
first experimental observation at 5 m, Thus azr extrapolation
back to zero length of Plexiglas will not follow the true
atter-asion curve and will Yield a shock velo~ity uhich Is
low, than the actual shock velocity at the Interface. As the
pressure-distance profile In the booster becomes less steep,

16
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i.e, tON booster Is 1me.the attematon rate of the shock
in the Pilgft s is rebedamd the relative error in the eztmsp-
slee dok W3laety at Wis ft ee is smaller. of course It
never wrll0010100 tIN P2e6s~6 treaMM5tted 1W the Von sNOMMO

an.-, but It my apposh that camosi by the C-JT pressure In
tieoMater.

U ech of Flaw**s 9 3ie 10, the attenuation camue ame
.~edfor booer having s p try bet 6ifftt

leat"s. Ia bowh cases, cylinder Wg.9 aed oe (ig. 10),
the sMca velocity at 5 M a oFlga Incresed witsh an
ImereeSe In cMWa lasso. th curves an shinm 22 dashed. lines
In M I laerval 0 to 5 m Ploxlglas. Sw dashes lafioste that
this portion of the crvem remilts from extrapolation into a
rqiAM WWI* .340r2sita rmits could not be obtaime. ve
know that this Portion of Us cume is fIcttious bdicause the

IbR r V.uesur@ trammats6 ftem the tetW.i boosur mest, In
evewy case, be theNme. am** the attenutionim n W

W tf Sv"l follow t1W qualitative pattern 1016108,106 O
booster lenth of the steepness of the Tayor

folow1eing the deteMUOtl: greatest attenution for the
skutest booster.

Vithin the reglos of shock travel greater thena 5 -m IP152-
glae, the rates of tt ationan approw.iztel, the sow for
an1 thee booster loa~ths. Of course, t tneg average
attesuation over 5 to 70 sm path ise "ete . M oqesI t
bhooster. but this results fro o w l the pressure do
fire thee Initial pressure vbich is much iowr then
the actualU m proesre.

Mr the asgion 5 to 100 M Plexiglas, Pigs. 9 sam 10 show
shock volocity (and pressure) decreasing with path length util
the @=ars from different lsuwth boosters becom svermstally
coincident at about 50 m and above. In Pig. 9, the tirwe
curves do not ohmw as smooth a tred wi1th variation in booster
leOth as would be Oepefted; In particular, there seems to be
no levelling off of the Initial (extrapolated) values With

Inceasngbooster loath, as would be seted. lfw middle
Curve (parallelin the lower cuve) bosis to be slightly tipped
so that it Is too low at the bomaisry sad too -.A- at 50 M amd
mosSO. Us calibration curve for the standard booster (50.8 me
left. 0-10) a 1) a" derived from the greatest ismetr of shots;
(five), and has beef checked by Liddlardts wor (7). Nee* the

Moret parallelism between this curve and that for the 101.6
sfbooster PrIbably arises from errors In the latter curve; the

affet of the erroro Is to produce too mll a slop. In the
initial Part of the curve.* Additional evidence or teismapears
in the comparison of aalogous curves for cones and cylinders.

Fgure 11 compares the calibration curves for the three
boosters of 50.2 = leungth. The three curve: are, within
experimental error, coincident for the first 50 = or ah'ock
travel. Plguro 12 makes the corresp o -Aia cor~mr1 eon~ for
101.6 am come anyt cylinders. Although there appeara to be a
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a gree'ter difference than In Fig. 11, it is still within
expe:vimental 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 m 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 m boosters, the curves
should be coincident for the first 50 mm, and that the curve for
the cone hapPens to be closer to the true common curve than does
that for the cylinder. Substitution of the 101.6 nmn 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
suoother 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 =.
length. For the 50.8 nun 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 nm long boosters then give three
points on a calibration curve, shock velocity vs. gap 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 m 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. 9 to 12 supply much of the information sought In
the study. Figs. 9 and 10 show that there will not generally
be a simple relationship between the 5005 gaps measured with
different length donors, The trend is longer gap with longer
booster, but the difference is greatest for insensitive materials
(small gaps) and decreases to zero for the more .iensitive accept-
ors. Substitution of one booster for another in a gap test
requires a calibration for both boosters to explain the twV sets
of results, for they can be correlated only in termo of initiat-
Ing pressures (or shock velocities), not by measured 505 gap
thicknesses.

Figures 9 and 10 show the calibration curve- for different
booster lengths converging, and this is the expected trend. It
is easy to see, however, that for small changen in L/V (O.6A7 to
1.274), tests over a limited range of Cap might give 5CYr rap

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

Figure 9 shows that the boostering effectivensss increases
with charge length, and that it is still increasing at
('ID) - 4. If the suggested correction is made to the middle
curve, 1.e., substitution of the curve obtained with the
101.6 ---m cone, the rate of increase is beginning to fall off at
('ID) - 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 m 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 Nugoniot data is inadequate (6). Moreover, the greatest
difference in U is 0.2 wm/isec 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 lorg 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 1I/D.

CONCLUSIONS

Several observations have been made, These are:

1. There is no significant difference between tetryl
boosters, 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 is preferable to use a
cone rather than a cylinder to reduce the weight of the
required explosive charge.

23
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2. Boosters 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 lengthe without calibrating
the booster-attenuator systems.

4. Although Increasing booster length increases the
measured 50o gap, the same initiating pressure for a given
acceptor is measured in either case in the range L/D & 1.

5. The booster effectiveness definitely increases with
length. It Is still Increasln 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 is still following,
within experimental precision, a spherical expansion.
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TME 2 - Shock front Profile - Unconfied Tetryl Cyll "ers(50 m long)
,,t A 16 B! _ 24 Expt - t A- 132Disance TIM Distance aI anat -fiIii-e~~L..C_5 -L~a mawe c r *~'~~~o IIO o.., " .o ,., seo e+.

25.0 0.70 25.0 0.76 25.0 0.73 25.0 0.7623.6 .64 22.5 .64 22.5 1.60 22.5 .64
21.6 .53 20.0 .51 20.o .50 20.0 .5119.4 .4 I7.5 .38 J 17.5 .39 17.5 .38
16.6 .33 15.0 .30 15.0 .29 15.0 .3013.8 .23 12.5 .22 12.5 1 .21 12.5 .22

1.1. .16 10.0 .16 I 0. .13 10.0 .16j9.3 .09 T.5 .09 T.5 .08 7.5 .096.8 .05 0 o 0 0 0: 0,14:4 .o3 7.5 .08 7.5 .07 7.5 .08,
1 5 .01 10.0 .15 10.0 .11 .o0 I .15:
0 0 12.5 .21 12.5 .17. 12.5 1.211

1.4 .01 15.0 .29 15.0 .25 ' 15.0 .2 j3.0 .01 17.5 .9 17.5 .36 17.5 .39'5.0 .05 0. .50 20.0 .47 20.0 .50:
7.9 .09 22.5 1.61; 22.5 i.59 22.5 .110.3 .14 25.0 .76 25.0 .71 25.0 .76'12.8 .21 6
15.3 .30 1
17.6 .40 I
19.8 .148
22.5 .631

27



I I ti
NOLTR 65-33

TAMI. 3 - Shook Pront Pzotile - Uncontlned Tetryl Cylinders
(101.6 = long)

zipt A-22 Fxpt A-23 Expt A-24
m aSOC ILSWO m ILmec

25.0 0.36 25.2 0.41 24.6 0.35
21.0 .25 22.0 .34 22.0 .2918.8 .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 .o5 7.3 .04 5.1 .0310.8 .09 3.4 .01 0 0

13.2 .15 0 0 4.6 .02
15.7 .20 5.7 .01 7.4 .0
18.1 .27 8.5 .03 0.6 .08
20.7 .313 12.2 .07 13.5 .14
23.0 .39 14.8 .11 15.4 .1825.4 .47 17.1 .16 17.4 .22

19.7 .23 19.7 2021.9 .29 22.4 .37
25.1 .37 25.1 .45

28

r,/ !I



,I I
NOLTR 65-33

TABLE 4 Shock Front Profile - Unconfined Tetryl Cylinders
(203.2 mm long)

Rt.._No, A- 47 A-48 i A5
£xN A-4 A-52

Distance Time Tim Time
mr se c jLbOC gsec

25.4 0.20 .19 .21

24.1 .18 .18 .20
22.9 .17 .15 .18
22.0 .15 .14 .16
20.3 .14 .13 .14

19.0 .12 .11 .14
17.8 .11 .11 .12
16.5 .09 .09 .11

'15.2 .08 .08 .09
14.0 .07 .06 .08
12. .o5 .06

of.054.011.4 .04 .04 .05

10.2 .03 .03 .04

0 0 0 0

10.2 .03 .03 .04
11.4 .05 .05 .05
12.7 .06 .06 .07
14.0 .07 .08 I .08

15.2 .08 .08 .09
16.5 .09 I .10

17.8 .11 .11 i .12
19.0 .13 .12 I .12

20.3 . 1 .13.

22.0 .15 .15 .16
22.9 .17 .16 .17

24.1 .20 .19 j.o
L25.0 ..

29
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TABL 5 - Shock Front Profile Confined Tetryl Cyllnderz=.
(25.4 mm lonr, and 50.S rm lonr)

Lenth 25 .4 Run 0 mm 
Expt 1:o. A-125 A-153 T 4 xpt No. A 69 A*71 A.74
Distance Time Time Time Distance Time Time TirmeM. . seec .. see e E! Lsec ; sec . isec ___l

250 .'7 1. .3 5.4 0.66 0.82 ~1 f
1. 13 .A 22.9 .54 .6H .55

20.0 3.01 ' • .91 20.3 .4 .56 .441175 .: "- •0 17. 32
-. 5 .32.51 15.2 .21. . .2

10.0 .22 2 10.2 .11 .t_. .11
.: .12 l .!i .12 0 -

0- #10.2 .14 .12 .17
" " .5 .11 . .12 12.7 62 2 -, 2

10 00 -X 70II0. "" -"i - ± . 15.2 all .26 .*11a. 7.: zi . !' .2 17.S .40 .37
15.0 , .( , 20.5 .52 .415 .5117.5: .:2.90

20.0 . .90 .9, 25.4 .42 .70 .i o

• CorInement consi='z o/" steel tube 12.7 r~i thick

'0
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Ta 6 - Shoec Front Profile - Coaftned Tetryl Cylinders
(76.2 m and 101.6 mm long)

I* th -- 76.2 m 101.6

Expt No. A-170 A-171 A-172 p t No. A-127 ,A-129 A-137T. = ... = -- ': -- = .... - .... .
Diatza= Tim Tim jTim Distance Timj Ti* JT±mi

isee gasec gaSOC__ I same* jIme * Asc
25.4 0.55 0.54 0.45 25.0 0.40 0.39 '0.

22.9 .44 .45 .36 22.5 .33 .32 .34
20.3 .34 .36 .26 20.0 .261 .26 .21
17.8 .26 .27 .20 17.5 .21 .20 .22
15.2 .18 .20 .1041 .15 .15 .15
12.7 .13 .l5 .09 12.5 .10 .09 .11
10.2 .08 .10 .04 10.0 .07j .07 .07
7.6 :04 _o6 .02 1 7.5 . 0 31 .02 .04
5.1 .02 .03 .01! 0 - .
0 - 7.5 .03 -!.5.1 .01 .02 V&.O 10.0 .07r .08 .07(

7.6 .0 .08. 125 .09 .11 .10
10.2 .07 .08 .12; 15.0 .I .15 .15
12.7 .11 .1 1 .17 175 201 .20 .20
15.2 1 .17 .191 .24 20.0 .261 .26 .26
1.8 .2 .251 321 2251 od

17 . .: .32 .40 25.0 .4
22.9 . 4' .2 .81

25.4 49 -558 2 L J

t5
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TADNS 7 - Shock Fnt Profile - Uncasfined Coiw
(25.4 mm, 50.8 t and 101.6 = long)

tamth 25.4 m 50.8 - 101.6 ...

Disanc Time Ti"u Tim Tla* TIUm Time jTim Tim ITim-- m p se ,,, ec I t I uc ilsc I LS@ c s | i ec ILsC ILs-,

25. 1.1111.4 1 04 :7 0o.76 0.39 0.47; 0.37622.9 1.06 1.16 1.18 .61 .31 .3 .27
20.3 :8 . 9, &.96 : 49 .. 51 .20
1 7 .S 6 4 " T 4 ". 3 8 " 3 " 3 1 8 2 3 . 1 15.2a -9 .-58 .i57 .27 .q .3 .14 .18 .101

12.T .35 .44 i .4 .i .19 .19 .0- :13 .081
ii -10.2 .16.0 .08 08 , 0

76 .4 .3 z3 .3

7.6 IT .16 IA. .08 .0 . .o
10. 30 it -2, .2 .4 .4 . .0i0 1

115.2 , 58 .2 1 .44 -3C .3 .32 .16 1.15 ,
.7 15'.142 .42' .145 .22 .21j .2711120.3 1 .95 .3 j76 .53 e5 56 .0.29 3

2. 1.81-7 .98 .6T .68 .6 38 .37 it .84514 __ __1c-4 1.40 1.30 (1.16 .82 .8o _ .83_ AT___.

*APex 9.5 madiameter - Niue 50.8 m diameter

-92
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TANX 9 - Shock Atteruation in Plexiglas - Tetryl Cylinders -
Unconflned (101.6 m and 203.2 mm long)

50.8 mm clia x 101.6 ma long 50.8 m dia x 203.4 mm long
Expt A-169 Expt A-140 Expt A-177 - Lxpt A-180

Tim1 Distance Tima Distance Tim Distance I Time I Distance'
sec m m jsec m 4aec ma ! 4 ±ec =

0.86 5.0 0.60 3.4 0.55 3.2 0.55 3.2
1.79 10.0 1.83 9.7 i l.12 6:4 1.111 612.77 15.0 M.6 16.o 1 1.67 9 95 1.67 S 5

3.82 20.0 4.-46 22,4 2.28 12.7 2.26 12.7
4.96 25.0 5.74 28.8 2.90 15.9 2..37 15.9
6.10 30.0 7.28 35.1 3.51 19.0 3.43 19.0
7.34 35.0 8.91 41.4 4.13 22.2 4.10 22.2
8.66 40.0 10.76 47.8 4.74 25.4 4.7 25.4

110.09. 45.0 12.71 54.2 5.44 2S.6 5.40 28.6
11.50 50.0 16.60 66. -6.07 31.8 6.07 31.8

13.01 55.0 23.61 79.6 6.50 74.9 6.80 3".9
14.53 60.0 24.71 92.2 7.58 39.1 7.54 3a.1
16.04 65.0 28.85 105.0 3.34 41.3 8.34 41.3-
17.55 70.0 9.20 44.4 9.15 u.4

19.12 75.0 10.04 47.6 10.09 47..
20.74 80.0 10.93 50.8 11.00 50.
22.39 85.0 11.96 54.0 12.01 54.0
24.02 90.0 12.89 57.1f 12.98 57.15
25,63 95.0 13.90 60.3 13.95 60.3
.27.27 100.0 14.83 63,5 14.88 63.5
28.75 104.L, 15.79 66.7 15.90 66.7

16.76 69.8 16,87 59. I
17.72 73.0 17.38 7o.0
18.68 76.2 18.54 7.2
19.70 79.4 19.58 79.4
20.74 82.6 20.89 ,,.t -

21.'14 85.7 21.90 ;5.7
22.78 M.9 .' _0.9

23.78 , 92.1 ) .95 92.1

21. I 95.2 2'.00 5.02
, I .,9 2 o o .

0. 400 5%.4
2h,.96 ' I01.,, ' 27.CQ 101.

L ] ?2".C? i 10 . [I2 . I ';., ]
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TABLE 10 - Shock Attenuation in Plexiglas - Tetryl Cylinders -
Confined (50.8 mmu lor)

50.8 =- dia x 50.8 mm long in 12.7 mm thick steel

E ____t A-173 Expt A-174
Time Distance Time Distance

Iec m sec mm

0.92 5.0 0.91 1 5.0
1.94 1 10.0 1.95 10.0
2.97 15.0 2.97 15.0
4.11 20.0 4.12 20.0
5.30 25.0 5.30 25.0
6.56 30.0 6.55 30.0
7.7- 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 50.0
13.45 55.0 13.51 55.0
14.92 60.0 14.92 1 60.0
16.46 65.0 i 16.48 6 E5.0
17.95 70.0 I 17.96 70.0
19.53 75.0 19.52 75.0
21.02 80.0 2.07 80.0
22.57 85.0 22.60 85.0
24.13 90.0 24. 14 90.0
25.71 95.0 25.72 I 95.0
27.32 100.0 27.24 I100.0
28.93 105.0 288 1 101;. 0 o.
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