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ABSTRACT

In ro.pon'u.to l continued niiliury demand for controlled explosive

‘wave shaping, this study was undertaken to establish basic conditions aud
to demonstrate the feasibility of an oxﬂouvc system capable of being
initiated uniformly along its entire surface. This investigation is a con-
_ * tinuation of those started under AFSWC Contracts AF 29(601)-2644 and

8134, It has demonstrated that Mqr_lnvoublo conditions the simulta-
~ neity of detonation of a lyitum ﬁomu‘:‘.mg of surface-confined lead azide
, lhoqi, initiated by tho u_duuon__trém m argon flash-bomb, approaches
0, Z poec for plane or for hemicylindrical geometry., It is believed that
this simultaneity can be improved if techniques for bonding the azide
shaet to ite confinement are improved, Even without further improve-
ment, the proposad system of surface i{uitiation is capable of providing
valuable information in the heretofore oxperimentally inaccessible region
of "simultaneous’ loading of curved structures,
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SECTION I Sy
INTRODUCTION

1, Objectives and Outline of Work

The objective of the work reported here bas been to develop the tech-
nique for uniform surface initiation of high explosives with pulsed light
sources into practical systems of experimental testing value, initially the
program was conceived as a four-part research effort to:

l. Determine the mechanism by which surface confinement in-

creases the reproducibility of initiation delay of PVA lead
azide energized by an argon flash-bomb.,. This included:

a. Theoretical considerations of motion of product gases
and reacting fragments under various geometries,

b, Study of liquids and flaxible solids as confining agenta,
c. Experiments in which confinement was to be varied ina
systematic way.,

2. Test batches of sheet 1lead azide under optimum confinement
as determined under jtem 1, v

3. Test performance of the whole system in plane, cylindrical,
and spherical geometry. This would cover:
a. Procedures for handling sensitive explosives remotely.

b. Measurement of simultaneity of detonation breakthrough
on terminal surface with streak camera and pin technigues,

c. Applications to plate projection and momentum experi-
ments to be made as required by the sponsor.

4. Examine explosives otber than lead azide for sensitivity to
initiation by light,

2. Degree of Completion

Work on the causes for the surface confinement eifect (Item | above)
is virtually complete. The mechanism proposed explains many heretofore
unconnected observations and suggests several methods of improving the

reproducibility of initiation delay. Study of Iitems 2 and 3 was hampered

e iy — o v




by the slow aud uncertain delivery oi sheet lead azide by the sole supplier,
As a consequence, no trials have bean made on spherical systems, and

further experirnentation, primarily on improved bonding between the azide
shaet and ite front-suriface confinement, is necessary for cvlindrical sys-
tems. No other axplosives (Item 4) suitable for surface initiation by light

have been found,

- 3, . Previous Wotl«

1,2

, ‘The primry objectivn of the previoul mvestign.tionl was m, deter-

rninc which factors ‘_nﬂuence tho w.\-iability in motal azide initiation delay
' ,Ior syetems ener;iscd by o,rgon ﬂachubombl. To achieve a practical sur-
.;A'hca unmrmn lyntcm. ‘this vu-ia.bmty muat be kept small.

‘Tho muin ﬁndingo o! thue mvestigationl may be summarized as
fouowu.

o l; Bail-,rrdllod PVA lead azide shows less initiation delay variability
"~ {jitter) than silver azide which, in turn, has much less jitter than
. dextrinated lead aside.

2.' Jitté: is reduced by placing glass, quartz, or plastic "windows"
" -in close contact with the azide surfacc facing the flash-bomb.

- 3 Uin&ll..y jitter is a fairly constant fraction of the initiation delay.
" . To raduce absolute jitter, initiation delays should be kept small.

4. Tue argon flash-bomb is a blackbody radiator at 29, 000° K,

8. Quantitative methods of obtaining the radiation divergence loss
for flash-bombs and correcting for the finite rise time to peak
radiation intensity were developed.

6. The initiation delay is inverscly proportional to the rate of energy
absorption of the irradiated surface,

7. The lead azide initiation process is thermal rather than photo-
chemical.

8. The kinetic parameters obtainable on the basis of the above agree
well with those obtained by others for lead azide decomposition
without explosion.,

9. A continuous lead azide surface, e.g., lead azide sheet, is
ecasier to use and is capable of providing less jitter than multi-
point initiation by many closely spaced lead azide assemblies.
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SECTION 11 |

EXPERIMENTAL WORK . 1

1, General Considerations

T he mai': objective of this study was the development of a practical

systemm of surface initiatiorn. The system under investigation consists of
lead azide as the initiating explosive and the radiation from an argon flash-
bomb as the energy scurce, To achieve the objective, the jitter in the lead
azide initiation delay must be small. Many factors could influence the
initiation delay and delay jitter. The most obvious are the amount and
spectral region of the absorbed argon radiation, Other factors might be

particle size, purity, packing density, and prior conditioning of the azide.
Confinement of the azide layers that absorb radiation might also be impor-
tant. Finally, to develop a practical system, an explosive train having no
moze jitter than the azide initiation must be designed and tested.

For a better uxg_gi,orltanding of the experiments to be described, an
idealized schematic presentation of the system investigated is shown in
figure 1, To study the effects of absurbed energy ou initiation delay and
delay jitter, one must know the energy incident on the aside and determine

what fraction of this ennrgy is absorbed, This requires a knowledge of all
the parameters listed in figure 1. The effects of confinement may be
studied by changing the position and type of window, Prior conditioning of
the azide presumably affects a& and Rk'

Initiation delays can be conveniently determined by viewing with a
streak camera the azide face opposite that which absorbs the radiation and
correcting for the transit time of an established detonation through the azide
assembly. Thus measurements of azide transit times have to be made for

various loading densities, purity, and particle sizes.

2. Procedures and Apparatus

. . 7.
Procedures for loading, positioning, and obtiaining streak camera
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rarnwde of tha imitiation of s-anmuler 1oad 22ide asacinliics nave Deen de-

scribed in detail in the Experimental Section of Ref, 2. The '"standard"
assembly consists of a nylon sleeve 0,500 inch OD, 0,188 inch ID, 0.100
inch high, with a glasa window attached to an empty sieave and packed
with ball-milled PVA lead azide to around 2,3 to 2.4 g/cc. Also described
in Ref. 2 are the filters used for varying the energy delivered to the azide
by the argor flash-bomb, and the monitoring of this energy by a specially

- designed photomultiplie; system. All this remains unchanged in the

preunt investigation, New techniques for handling sheet azide are given
in the following section. )

Trm:lt times for an established dotonation to move through an aside

h uumbly were previonsly obtained by pin tochniqun. 2 These often gave

" erratic results. Since it has been utabl.uhod '2 that inituuon occurs
very near the 1rradutcd curuco. sad under contronod conditions delay
jitter is very small, transit times are now obtained by measuring, in the
same shot, the total delay (initiation delay pl\;l transit tirne) of several

identical assemblies of diffsrent aside thickness and obtaining the tranait
time by difference, Transit time results, in the form of a detonation

velocity vs packing density plot, are cummarised in figure 2,

In studying the effect of confinement some new ''windows'' have been
used, Their transmissivity is shown in figures 3(a) and 3(b).

2. Handling of sheet azide
This material is received kerosene-wet in roughly 3 x 2 x 0,03

inch sheets. The physical properties of sheet azide made by the Dupont
Compaay are given in Tabla 1. While still wet, it is placed on lead sheets

{behind an armor glass shield) and cut ixito"'l. 5-inch squares and short thin

strips using rasor blades mounted on long handles, The strips are then
cut into approximately 1/4-inch-diameter disks using a freshly sharpened
cork-borer mounted so that the cutting can be done remotely. The squares

and disks are then flushed with petroleum ether and air dried. To prevent
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PROPERTIES OF LEAD AZIDE AND PETN SHEET

(LS FAPEEAE M e

PSR PO

Table 1

Average Density
Batch - Thickness | as Received
No., Composition (mils) (g/cc)
1 95/5 RD 1333 Aside/Teflon 3 2,2
2 ' 3% - ?
3 37 2,7
4 23 ?
L 33 2,9
6 95/5 Colloidal Aside/Teflon 24 2,5
1 & 26 2.6
8 95/5 RD 1333 Aszide/Teflon 34 2.5-2.6
9 3 2.6
10 36 2.5
11 21 2.6
12 é2 2,8
13 28 2,6
1st shipment 90/10 PETN/Teflon 31 1.3
2nd shipment | * 27 .
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gencration of dangerous electrostatic charges, all metal objects in the
ruom where ihese uperativas vcour -e grounded, The roum has a coun-
ductive floor and the operator wears conductive rubber or leather-soled

shoes,

b, Shot assembly

Sheet azide was used as disks for control assemblies and as

" 1,5-inch squares for surface initiation experiments. The sheet azide

squares were Almost always a-pa'rt of en expl.diive train which at its sim-
plest contained ohut asido and 90/10 PETN/Teflon binder sheet (p~1.3
g/cc). Some trains had these sheets placed over EL- 506D or EL-506D

‘mounted on lll.hl ol Comp B. Good photographic records were obtained
~ with the ly‘ot“_emq containing. Comp B (always 0,500 inch thick). The sheet
' aside and sheet PETN.' however, are sufficiently tranalucent to have the

tremendous ligbt ﬂux of the argon flash-bomb fog the film even at streak

' camera mirror opndn of 2000 rps. To prevent this, two or three coats

of glossy black lacquer must be placed on the PETN shoet surface facing
the cu_‘néra. 'I‘_ﬁo best records wére obtained if, in addition to the lacquer-
ing, the sheets were lﬁt&ch&d to lenticular plastics so that the air and/or
argcn trappcd between the explosive and the plastic became highly lumi-
nous when hit by the deton&t!cn lhpck of the explosive sheet. Bagley3 has

_ shown that this luminonty is achieved in a few nanoseconds. A shot holder
" _fo;- If_quiblo cx;l)loliyurio shown in !ig't_:.ro 4. The main charge in this shot

was a section of a cylindar.' For plane geo'metry'lhotn, a square of len-

ticular plastic was used rather than the curir’ed"plntic shown in figure 4.

The circular holes are for controls which enable one to relate any given

shot to previous shots. Of the six cont'i-oll in this arrangement, at least

two are ''standard" granular lead zszide assemblies. 'These are mounted

‘directly into the circulzr holes, For sheet aszide controls, optimum

records were obtained when these were mounted on disks of lenticular
plastic {not shown in {igure 4). Assembly of explosives in the shot holder
to the argon flash-bomb was the same as that given in Ref. 2.

10
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The shots using Comp R slabs were pranaraed differently from
ones above because they contained more explosive and because they came
at a time when we had relatively little experience in handling sheet azide.
As nhown in figure 5 and the engineering drawings (figure 6), the shot

- holder was made in two parts., One part contained the Comp B slab, the

EL-506D, and the PETN sheet. The other part contained the lead azide

~ sbest with its inrl(ce confinement. These parts were kept separate until

the shot was a.lmolt ready for shooting., Note the tapped holes in the plastic

o (ﬂ;nu 5) which were used for bringing the test oxplo-ive to the argon box
'by means of a long rod with a threaded inner rod. As shown, the lead azide

sheet holder was held to the argon box by magnets and the rest of the explo-
sive was po.itionod against the lead aside sheet by another magnet, This
arrangement had the usual provisions for mounting control assemblies,

€. Surface conﬁ.nomoht

As will be shown later, surface conﬁnement has a profound in-
!luonco on delay jitter, Providing adequately uniform confinement is rather
simple for standard granular azide uumbno.a. The confinement is attached
to an empty sleeve which is then press-loaded with lead aszide. 2 Because of
its flexible nature and becauwse its bindur--Teflon--{which congregates on
the surface) is notoriously hard to bond to anything, the above scheme does
not work well with sheet aside. A completely foolproof scheme of attach-
ing confinemaent to sheet azide remains to be devised, A technique which
works most of the timo is as follows: a thin layer of Dupont 6840 acrylic-
base glue is spread as uniformly as possible over the azide surface. This
glue is very transparent all the way down to 2400 R. Azide disks for con-
trols are placed on the confining medium (glass or plastic disks) and
preuea in a cylindrical die to arouud 2000-3000 psi, In testing the quality
of the bond between the confinement and sheet azide it was found that usually,
but not always, the confinement could be pulled off with a thin layer of sheet
aside attachad to it, indicating fairly good bonding. For plane geometry, as

well as some hemicylindrical assemblies, glue-covered confinement was
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Figws 5 SHOT ASSEMBLY FOR PLANE-WAYE SHOTS
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prerfad againat the sheet azide, contained in a dic haviig the saiie cruss
section and height as the azide sheet, at around 3000-5000 psi. In making
these flat pressings conform to a curved surface (e, g., as in figure 4),
some separation between confinement and sheet 'azide often occurred. To
circumvent this, some pressings were made against curved glass confine-
ment supported by a Cerrobend (an alloy melting in boiling water) mold,
Although the bond between sheet and confinement appeared to be good, the
glass confinement was cracked in most pressings., This increased jitter,

as will be shown latgr.
d, High-density pressings

‘In determining the causes responsible for the surface confine-
ment effecé it became important to measure the initiation delay for highly
compreue& lead azide, botk granular and sheet. Cylindrical hardened
tool steel dies were used in the range of 1 x 10% to 2 x 105 psi. The highest
rdenaitie",s achieved were about 4. 4 g/cc for granular lead azide and 4.1 g/cc
for shest lead azide., These are, respectively, about 92 and 90% of void-
less dernsity, The granular azide was pressed into mild steel sleeves which

were allowed to axband laterally in order to prevent aside ''spring-back, !

Successive pressings at progressively lower pressures were found to be very

helpful,
e. Raised window effect

It has been lhownz that moving the front-surface confinement
"'windows'' by as little as 1 mil away from the irradiated azide face causes
an appreciable increase in the initiation delay, These phenomena have been
examined further, particularly in having the space between azide and window
evacuated or filled by compressed nitrogen. Some trials were also made
" with windows raised above high-density azide pressings. The vacuum
trials werc made as follows: A hypodermic needle was cemented in a groove
starting at the shot-holder positioning hole and running along the shot-holder
s.urface {similar to the one shown in figure 4), A standard azide assembly

without a window was placed in the positioning hole, and a window was

15
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cemasentcd to the shot holder over tha positioning hole and over most of the
groove for the hypodermic needle. Using a diffusion pump, the approxi-
:‘j mately 20- to 25-mil-thick air space above the azide could be evacuated to
A } below 10p Hg. An entirely analogous arrangement which was not evacu-

ated served as control. The pressurized systems consisted of a standard,

windowless, azide assembly contained between two pieces of thick glass

held together by a metal frame-gasket-and-bolt arrangement, and provided

with a high-pressure tubing inlet. Using a high-pressure nitrogen cylinder, ‘
the approximately 100-mil space above the azide was pressurized to 21

atmospheres, Controls were exactly as described above but at ambient air

pressure. _ i
f. Light intensity

As has been lhown.z photgmu.ltiplier records of peak relative

intensity of the argon flash and of the time to reach this peak are impor-
i tant in understanding the shot-to-shot variation of initiation delay. Meas-

{ urement of absolute intensity leads to a fundamental undarstanding of the
' initiation mechanism, because it permits the establishment of a relation
between the observed initiation delay and the energy absorbed by the azide.z
Two new schemes were tried to improve the reliability of the measurement

of absolute intensity--more properly speaking, the temperature of the

4 L argon flash. - A photo-tube of the aame spectral response as before but of
L higher output'enl.bled us to use a rotating sector in front of the standard
tungsten ribbon lource.z “Thus an easier-to-read square-wave signal was
obtained rather than the dc shift previously recorded, 2 Several seemingly
straightforward theoretical calculations of the temperature of shocked
nitrogen are available.® ® Since these are much closer to the argon tem-

peralure than the tungsten ribbon temperature, their use as "standards"

" should greatly reduce calibration uncertainty, Compariscns between argon
and nitrogen, in the usual flash-bomb system, were made at 5000 R, 4500 Z. 1
and 4000 R. The results of these new calibrations will be presented in |
Section 1I-3b.

1 16
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m the present system of surface initiation it would be degirable
to use initiating explosives less sensitive than lead azide. Particularly
attractive would be a liquid explosive because it would conform to any de-
sired surface, With this in miind, attempts (which were unsuccessful)
were made to initiate nitroglycerin or PETN using the usual argon flash-
bomb system. About 0.1% of Nigro-ine (a black organic dye) was dis-
solved in the nitroglycerin to make it more radiation-absorbent. It was
determined subsequently that more Nigrosine should have besn used, but
the initial axportmontn" were 5u£!ic1_ont1y discouraging that no further trials
were made, Blackened nitroglycerin was introduced with a hypodermic
needle through a small hole in the sidewall intu a cylindrical container
with flat quarts windows. Thu uiémblf’wu positioned and attached te
the flash-bomb in the usual manner.. Subsieve particle size PETN, pure.
or dry-mixed with very fine graphite, was press-loaded into ''standard"
sleeves with windows attacked tb the empty sleeves. In a few instances
these pressings were done in two Mcré.menttr to obtain regions of different
packing density. Results are given in Section 1I- 3. '

3. Results

a. Eiffective light intensity

As defined previoully,z the effective light intensity 1 is given by

l‘l’
o Irel(t)dt

L= —=%— )

where Ire is obtained directly from a photomultiplier record.

T is also :iunction of the wavelength of light at which Irel is obtained.
Figure 7 gives the latest I ve t curves., These results are replotted in
figure 8 as T vs wavelength viewed by the photomultiplier. It is obvious
from figure 8 that the variation of 1T with A for A <3000 f\ is highly spec-

ulative since there are no experimental determinations in this region,

17
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g Figure 7 EFFECTIVE LIGHT INTENSITY vs, TIME FOR ARGON (See Eq. 1)
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Figure 8 EFFECTIVE LIGHT INTENSITY vs. WAVELENGTH FOR ARGON
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Figure 9 shows T vs t curves for nitrogen flash-bombe, Note the much

longer time required to reach the "flat'' portions of these curves.

b, Temperature measurements of shocked argon

Using the photomultiplier-interference filter system and the elec-
tronic xenon flash us internal calibration (described previously?), compari-
sons warae obtained between argon flashes and a standard tungsten ribbon
source or nitrogen flash-bombas. in the tungsten source comparisons (see
Sec. I1-2f) "small-scale shots' described in Refs, 2 and 6 were used. The
comparison between argon and nitrogen flashes was made in the usual
mirror-box systems, In both cases the argon temperature is obtained from
a oolutionz' é of the following equations for different radiators in the same
optical system [ Eq. (2)], and the same radiator in different optical sys-
tems [Eq. (3)):

2 2 .
H o = f: € AN, AT A)A(A)P(k)dk/ gl ¢ N O, T JAQPRIA  (2)
1 1

2 4
“1/"‘: . f: cl(x)Nl(x.-r)Al(x)pl(m)/ﬁ AN, (A, TIA, AP, AN (3)
1 3

The subscript "A" refers to argon and ''s' to the standard. Here H is the
observed photomultiplier output, € is the radiator emiseivity, N is its
blackbody function, A is the transmissivity of all windows and filters in the
light path (for the mirror box shots it also includes the wavelength-dependent
reflectivity of a standard paper reflector used in the optical path), and P is
the spectral response of the photomultiplier. The integration limits are
determined by the particular interference filter used. The ratio of H's is

usually referred to as H__..
rel

The color temperature of the tungsten ribbon was rechecked
using pyrometers., These measurements ranged between 2360 and 2380° K,

generally clustering more around the higher value, As shown in Table 2,

20
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Figue 9 EFFECTIVE LIGHT INTENSITY vs. TIME FOR N,
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experimental results of photornultiplier measurements (Hl/Hz) analyzed

4 PO s . s mamm . manal . . .
by Bgs {3} lead to & svurce iemperature of €370 to 2380 K, Using ob-

served Hp/Hg in Eq. (2) and taking T, = 2370° K or 2380° K, gives

TA = 28,000° K or Tp = 29,000° K, respectively, as shown in Table 3.

The comparisons ( Eq. (2)] between argon and nitrogen are given in Table 4,
For the observed NZ shock velocity of 8.1 mm/usec, theoretical calcula-
tions of Christian et al. ? give Tyng = 1L 000° K and those of Thouvenin?
give Ty, = 11, 200° K. Thus the results in Tables 3 and 4 strongly support -
the view that T, lies between 28, 000 and 29,000° K. Moreover, these re-
sults confirm our be.‘l_ief,z' 6 that the argon flash is a blackbody radiator,

The nitrogen flash also appears to be blackbody.
¢. Initiation delays of granular lead azide

All the initiation delays for granular lead aside measured dur-
ing this investigation and the conditions of measurement are listed in

~Table 5. As discussed previously, 2 gun tanning of the azide appezars to

reduce initiation delay jitter, Therefore, all assemblies were exposed to '

_ noon sunlight ("sun tanned') for four minutes on the day before the shot.

Exposure was through the window of an assembly. Filters, if used, were .
placed over the windows after sun tanning. Normalisation of all delays to

enable shot-to-shot comparison was the same as used previously. 2

It was established that the increase in initiation delay with in-

créuing aside packing density is not, as suspected proviouoly,z

a spuri.
ous effect due to the decrease in azide column diameter for the high-denasity
pressings. Recent loadings (see Sec, 1I-2d) show quite conclusively that

this density effect is independent of column diameter (see figure 10),
d, Initiaticn delays for sheet lead azide

In all surface initiation trials approximately 1/4-inch-diameter
sheet azide disks were used as controls, Normalized initiation delays for
front-surface confined diske of all sheet azide batches, except 1 and 2

which were shot before a reliable method of attaching confinement was

23




——

“s1031Yy *Q°N #9PNISAY V #I0US TTe 304 X 08€2 =

*FIUSUWDINFLIUI OM3 SISYI0 [TE {8ITFWIINFEIW 291Y],

"M OLET =

S v

L M 00082 = "1

"00°1= "> f9 ‘Y woxy °5

S

‘woryruBisap 12311}

Lawoxue 81 I3Quinu vno.uo,n.,.",}u ut {1fustasem uorsstwisuRil Yead st Jaqumu jeatyg

(q)
(e)

*%¥

1 3,000 ‘62 =V1 “2) *bT 995 s

*

(®)ooLw oLLY ¢-01X822°C 129°0 06L¥-0GLY oLLY 09-L + 1°89¢€
(wostt 0911 £-0TX 0G6°1 808 °0 OFTI-0TIY 5?71 vi+  oo¥
(®)sz6 s€6 ¢-01x s2°% zz8°1 (Qog6 -068 C Vi+ oSk
)Ly 1742 €-01 X $0°01 S16°1 ey -20% 91¥ Vi+  00S
(®)zov Y01 ¢-01% L2°01 96% °0 (@501 -66 201 8 N+ 009
vesd®>/d Agvd...oa,.,:~ﬁu\¢«u¢£ ofuey afelaay 831
£ 130 ] e S v
= | = H/'H
wavin/ | wav'n/[

WL s B . v+ wmap TP b —— e a e

|
|

(%309S (91295~ 1TRWS,, - ~PAVPURIS UOQQTY usIshuny)
NOD¥V NI MDO0HS I LVEINID € dINO0D JO FUALVIIINIL

€ ol

24




C e i o o, St

s v o et Wk AN s e .

(S pur § sadwsiajay) HH0Z°11 pPue 000 *1 | wsamiaq o} ut.-. WIRPL00q) *22edfusua | °g JO 3120124 yroqe Aprays paarasqo Iy 104

(€ *1q%1) °“wroqs ,orede-
PUMO] 10U $1 UOTIIERIL ETRL “hu 00y ¥ 20) wmdmo pg g ou3 023mpas aad redaydo xardwos Ajsre) srqs

“d,002°17 = Ny ‘U 00062 =YL (P}

Z
X001°11 = N1 '3 pos'97 = ¥1 (3)

Trws,, pemsia ATI2241p 3y W
Ul 23UTQIceqe mmcuyum Awos  (q)

*N,000°0C % 00052~ VL )t V1 01 sammemonuy L1304 81 1915 (e)

‘00°y = My v, 3400011 = Ny “ND00°8Z = YL ‘(€) puw (7) “ebg sag  44c
. *shwiop sorgwinINr SPISE PRI] POAIISQO UO PRSRY 44

"wotrwadissp a0ty Areryreme wy Jsquins puodes ‘vhu wi yusiaava uorsEy 1) ywad o1 Jquine Jeatg
PIs16 (21 1°6 2% 9t 950 [ M| 295°0 Vi + 00F
Pocs  (doce €29 . iXe [t{ M| sLLo [ M| SLL'e
Ploc's  (dose 2% 7n'e- ozy 1 oLL ‘o~ o1~ otL-o AN 14
Plse L (oe L €L [ % (7 & (175 ] 00°1 siz e Vi ¢ 005
NIDOWLIN
(e)z29¢ 0 | (adoit 0 v 06 1 $0°1 {v)gg "1
(e}z9c°0 | (Udes2°0 s 061 101 {=)eo 1 09-2 + 1°99%
{meLe0 | (Veiw-o ot 02°§ 1t QL91°g
(*}gze°0 | (D510 L IR ] [ ] 4 st (alos °»
(®)eL0°0 - 9101 - i (L1 3
{v)g28°0 | (om0 9101 st°s ozt (Yot °» vi+ 00y
(v}o00 1 0001 9°11 9 °9 Jay
.. - [ AN} 1 Y4 | 00°1 00°9
- - L L M oty 01 909
- - "”u [ 28 [ 1 0d | $6°S Vi+ osh
(*}o18°0 s28°0 95°6 s2°s (7 M| o1°s
(*}in-0 00 95°¢ s S1°1 1134 28 Vi+  00S
*}vr10 (14 8] "1 056 0 o0°1 056 0
(Wepr-t 6¥1°0 [ D 056 °0 kcad sLLo
(e)¢y1-0 1510 291 796 0 ¥0°1 $26°0 *eN ¥ 009
NODuV
18z -Cu—.- seeOITEN) 5.-3&&{ NM = H N s gg3o3>e g - Ayemew] zoqewrq yendg s0dayr g
o : 9= n«...u<z H TOTRSTCUION Ansua] joq5 ywoq

(sswod Josaypy pswpanig 1 Yooqs pewssesn g dwon)

SANOF-HSVTA NIDOWLIN ANV NODRV 4C NOSTIVANOD

¥ oIqeL

25




At e B o o L

B R L P

o R

-;' A TV PR

| St

e n i me e el PRIV N RLI A (DL A ST Bt s Sttty o= - o - - e o A N VP 12 Nt FUTRRE W Y1 W

Tabls §

PYA LEAD AZIDE® INITIATICN DELAYS
(¢ 2 4 x 0" 749 Mirror Boxas)

—
Paghing luitinsion
Shot Desaity Relative | Delsy
No. (g/ec) Confinament Filter Intansity®®; (psec) Remarks
9, 084 .34 Glase{a, b) MNoae - 1.03(w}
~3 4 Glasela) Neas - 0.09
.42 . 0. 84
.43 - [N 3}
~3.4 - o.M
.42 Quarts - 0. 66
.40 Quarts - 0.70
1,48 Glass(a) 0352 - .46
1. 46 Qlassis) 0-92 - 1.48
9, 888 2. 40 Glase(a} Noaa - 0.9
~2. 4 . 0.9
32 . 0. 94
.34 . 1,050}
a4 - 0. 98
~23.4 - 1,07(w)
.50 0.52 - 1.68
9, 8% ~2,4-2.8] Classin) Nosa - [N 3
h} ‘ . 0.8
i - 0.04
3.5} Nons Glass(s) - 1.46 13-mil separation
2.2 - 1.68 15-mi) soparation
3.4 ’ . 1.7 18-mil sopar m 10-p
2.47 - 1.7 1§-mil sop 4 104
2 9% 2,83 Glass(s) None 0. M 0. 80
.38 0.80
.48 0.7
3.3 0. 87
~3.4 .79
o.01
0.7
an
0. 80
9, 91 ~3.4-2-3| Olase(s) None o, 0 5. 3 Treacsted pyramid
s. 61 Mirrer box
3.4
5.8
.9
601
2.45 Quarts .50
.50 Quarts .7
~3.4 Glase(a) 0.1 ND 1.3
~3.4 QGlase(a) 0.1 ND 7. 44
10, 008 ~2.4-2.8 Qlese(s) Nomne 0. 97 g. 9t
‘ ‘ 0. %
0. 94
10, 009 2,4-2.8 Glaas(s) None 0.89 0.9
3.4-2.8 I 0.97
.46 0,97
2. 44 l 1. 04(0)
2.4-2.8% 0, 90
.30 Noas Glase(s) 2. 49 In prese, holder; | atm, ~100-mil 1eparation
.40 i .8 In prese, bolder; ) atm,
.44 l L1 in preaes, halder; 21 atm N
1, 2,39 In praes, holder; 21 atm Na
10, 042 ~3. 4 Glasafa) Nomn 0, 97 0.0 4" w, v. reflecting box
| 0,7
' ‘ 0.1
Quarts 0. 41
10,083 ~3, 4 Clase(s) None 1,00 0.72 4" u, v, refiectisg box
‘ Glass{a) ‘ ‘ 0.76 4" w, v, reflecting bokx
L Crown Clase l 0.8
*  Gianular PVA lead aside in dard hiy {See Lxperi ) S )
*¢  From photomultiplisr recorde, see Table 4
{s)  37-39-mil-thick microscope ¢lides
{b}  Glase poorly sttached 10 sside holde
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Table 5 {Continued)

Packing Initistion
Shot Denaity Relativy Delay
No. (g/ce} Confinement Filter Intenaity®® | (usac) Remarks |
10,167 ~2,4 Slase(a) Naae . 0.98
. 1, 08(b)
- 1. 02(b) .
- 1. 06(b)
- 1 1) .
- 1,06(0) ¥
10,168 ~2,3 Olass(a) None 0. 86 0.88 4" W v, refjecting bos o=
‘ ‘ 0.0 l $ .
0,91 ! Ry
10,178 | ~2.3 Glage(s) Noae 0,8} 1,08 i l:a
1,08 : ;
T ‘ 1.08 : .
‘ Y
10,179 ~33 Class(a) Nons 1,00 ’ 2 M; Nask :
: 9.1 i e
l %00 | ‘ H p
10. 18(¢) . 1
10,198 | ~2,4 Glassia) None - 0. 9 Plane surface shot ¢ e
i - 1,03 B L
’ l ‘ - 1. 00(a) ' 1
10,200 | ~2.4 -cu‘n(-) None . 0,9 ; ¥
~2.4 t - (X)) ’ 3
10,203 | ~2.4 Glass(a) None . 0.9 i i b
l . 0, % ! 1
‘ - 1,07(s) ] r
10,218 | ~2.3 Glase(a) None . 1.08 | ! v
~2,3 ] [} - 1.08 i t 1
10, 238 ~2.4 Glass(e) None 0.9 c.es | : i
~2.4 ] ' 0,95 0, 9 i {
10, 245 ~2,4 Glsss(a) None . 1,08 Plane surface shot to
~2,4 [} [} . 1,09 =
10, 264 I%T) Glasa(d) None 1,00 0,82 3
.34 ‘ 0. 84 ¥ 2
2.32 0. 86 !
10,278 .32 Glasa(d) None - 0.80 Plans surface shot i
~2.3 - 0, 86 ";
~2.3 - 0,92 i
10,429 | ~i3 Glasa(d) None | 0,79 1,04 2
2,36 * 111 ¢
~2,3 1,07
10,434 ~2,) Glave{d) None - 0.92 Plane suzface ahot j
‘ - 1.02 1
- 1,00 ;
10,482 ~2.) Glasa(d) None - Q.94 Plane surface shot
‘ ‘ - 0.
- 0. 98 L y
10, 454 ~2,3 Glase(d) None - 0. 90 Plane surface shot ;
~3,3 ] [ . 0. 8% () ‘
10,413 | ~2.3 Glase(d) Noae 0,83 1. 00 1 4
2,40 1,06
~2.3 1.02
~.3 0.94 18° from vertical
~.3 1,08 i
2,30 1.09
~3 1.02 3¢° fram vertical
~.3 1,08
2, 3¢ il
~43 1,16 |
1,04
.10 | 40° from vertical ;
1,24 :

(?) 37.39. mil-thick microsgops slides

{b) Glass poorly sttached to aside holder

(e) Shaded by Tedlar {01} eed in measuring shock velocity
1d)  29-mil-thick microscope slides

Ty A
P
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Table 3 (Coatizued)
laitistion
Shet Density kelative Deluy
Ne. (g/as) | Condisoment Fiser Intsnsity®®| {uoes) Remarks
15,910 -2, 3 Olass(d) [ ] .73 4 v, reflectiog bon
0. 02
L l 0.82 10° from vertical
0.9
16,811 i3 Gh;“‘l . l‘r [ X ) 1,00 Curved ase shot
~d, 3 0.8 1,06 T
19,813 LN {8) - 0.9 Corved ase shat
[ %] 3 ' . d.0 ”"
19,930 ~i 3 sid) NTO - 1.0 Plaas '-‘u' het
=~k 3 Gl: - [ Y1
10,89 ~3, 4 old) lr - 0. % Plans ste shot
.39 dln‘ - 0, 9 "1
18,094 ~i. 4 Clars(d) Yome - :.:: Plane surfiee shet
‘ ‘ ‘ d 0:‘1
10,09 ~3.4 oid) Hese - 0.9 Plase o shet
) ~3 4 ou‘ [} - 0, % ‘
10,682 -..l.“ Ghrﬂl IT . 0,82 Plane surisse shet
[ - 0. 9%
al, ¢ - 0. 00
19,634 ~d & o{4) Mene 0.9 [N ]
.41 - 0. 06
1 ] ‘ 0.93
~3. 4 0, 88
10,4680 ~3. ¢ oid) Neas 1,00 "k N3 Oash
TE LT o
1% 1] [ X))
2. 3% IT. () .08 l-mi} ation
L3 07' %03 ‘
10,682 -:::’ Qlassld) T 1.00 ::0”8 Mo sua ¥
~3.4 ‘ 1.00
:z ll‘- OIro(.) :.:: t-mil oruuu
10,643 L% Claas(d) Neas 1,00 0. 9% Ne own tas
~3, 4 0.9
~8, & ‘ ‘ [ 5]
10, 007 -~k 4 Oh‘lﬂ! Nr - :::: Plass o shot
~3. 4 -
10, 008 -3 & OITON Neas 0. % 0, 06
0.9%
| | o
10,028 ~3 ¢ s{d) . 0.8 Plane {ese ehot
’ e | " . 0,9 ™
16, 839 ~ds & Ou"(‘) Nese . 0.8 Curved surfoss shat
3% ¢ . 0,82
10, 062 -d. 4 CIA‘O(‘J Noas - 1.09 Cusved ourfass sbot
~d. 4 [} . 0. 90 )
10, 843 ~3. 4 Clase(d) Neas - .84
Neas . . %
9. 34D . 3, 680
Neae . e lemil soparation
‘ . 4,08 " saide; ) -mil separstion
|| sl - |5
o{ - .
PVF-& - 116 L-mi separetion
10, 074 ~3. 4 Qlsssid) Nose . 0.9 Cuerved awrface shot
10,678 ~2. 4 Qlaso(d) Neae - 0. 767 Curved surfacy shet

{4}  3%eemil-thick misroacope slides
3+-mil«thick micressope slides

(o)
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Tabls § (Continund)

Packing Inisiadion
Shot Deasity Relative Dalay
Nea. {g/ce) Conlinement Filter Imensity®e | (neec) Remarhs
10, 947 1.04 Glass(d, 1} Nane . 0. % Curved eurface shet
333 - 1.04
~3 4 . 1,37
10, 48 L% Qlase(d, N Moas . . 9 0) Curved suriass shet
.06 - . 88
3.6 . .3
313 . »1, 08 Some aaide foll ot
11,01} .10 Glase(d) Moo - .08
3.8 Olase(d) - T 0.0
80 Qlassid, 1) - 1,33
310 Glassid, 1} - .37
314 Kone Qlass(d) - A BT Lemil soparation
3,60 Nens Qlass(d) . 1.09 Lemil soparation
1,1 .43 CGless(d) Nose o.% 0. Mlg)
1.3 Qlassid) 0. 83g)
~3. 4 QGlass(d, b) 0. %4dg. b}
32 4-mil PVF Classid) 1. ¥0(g)
~ ) 4-mil PV 1.47g)
b N Nome 1. Somil separstion
360 L. Ti{g) s slesve
~3,7 1. 15{g)
.41 1.my PVF Neas [ 194(&
1,118 ~3.4 Glass(d) Mese [N} 0, 08(g)
2.47 0, S6lg)
.39 0. 8i(g)
2,44 Quarta 0, v1{g)
3,8 l-mil PVP 0, Te(g)
3.3 l-mil PVF 0. 1Mg)
4,13 Neae Claseid) . 28{g) Somil separation
3.40 temil PYF 1.38(g) 213-mil separntion
2.40 1-mil PYP 1,22 23-mil soparstion
11,333 ~3. ¢ Clase(d) Neas - 0, 8ilg) Curved surfase shet
~2. 4 - 0. 06(g)
11,324 ~3.4 Clase(d) Noae 1.00 0. 8big)
a2 0. 00(g
~2.4 0.04(g)
310 ¢-mll PYF Glase(d) 1.30g)
3.09 1. 11(g)
“~e0 L0Mg)
4“2 L. 9%g)
423 Noae 1. 3(g) 13-mil coparation
416 Noae L ing) 13-mil ssparation
11,228 2.39 Glase(d) Noss 1.00 10. 0(g) N3 Gash; cracked glese
~2.4 9. 52(g)
tRY) 8. Tig)
.43 9.08(g)
I X T) Quarts & {g)
3.3 Quarts 6. H(g)
30 4-mil PYF Glase{d) 13. 230(g)? poor sua U
.41 Nons 9. (g l-mi veparation
3.3% 9. 3{g) l-mil separatise
.48 11. Mg 0-mil copuration
3. 46 1. 36(g) J.mil soparation
~3.7 11, E9{g) S-mil separative
~3. 4 9. 08(g)? 4-mil(?) sspa.sticn
) Glass poorly sitached to aaids bolder
{d) 29-mil-thick microvcops aiides -
) Coniinement sttached 1o loaded assembly
(§) Mirror box raflectivity ia thase shots was greater thaa previowsly. All delaye have bosn

normalised to o standard delay of 0. B4 poec.
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¢ Teble § (Concluded)
Pashing Initiation
v Demsity Relative Delay
Mo, (g/es) Coadinement ¥ilter Itensity®®| (soec) Remarke
11,33 ~3. ¢ Glase(d) Nose 0.9 2.13() | 4" Black box; rubber undar glass
~3.4 .42
. w4 [ ur {rom verticsl
e ] 1,92 M from vertical
L Quarts 0.468
.3 Quarte 0. 68
L2 d-mil PVFP Qlaseid) &i?
41 4-mil PYP ¢ 00
1% ] Mo . 1-mil sepacation
[ % ) 3.0 1-mil separation
Rl 330 14-mil separation
S ) 380
«n . .08
11, M1 ~8.4 Glaseld) Neas 0.9% 0.03{g) | Curved surface sbt
~3. ¢ ) 0. 03(g)
11,342 La Glassid) Nose 0. 9 0.88{g) | Curved aurface shot
~ 4 0.9 0. Be(g)
[T 7YY ~3.4 Glaea{d) Ness 0,92 0.03{(3) | Curved surfoce sbot
-84 0.9 0. 86(5)
11, 244 ~3. 4 QGlase(d) Nese 1.00 0.80(g) | Curved surface ahot
~L e 1.00 0. 83{g)
9, 084 L& 14 3emil Mylar Noae . 118
L4 1/3-mil Mylar(h)? Note - (1)
9, 088 L4 1/3-mil Mylsr Nome - 1.9
L 4-mil Tedlar Neae - 1.47
: 4-mil Todlar Noae . . 1, 00
|
B . 08¢ L - 1.20
' 2, 41 "T. "?. - 1.1%
3 ’ 00 i1 nT. n.r - 116
2 La - 1.1
i 9, 0 L9 Neas Nese . an
* L&Y - 1.03
X . - 1.0}
~3 3 - .0l Ol aside
-3 3 - .0
~3.3 . 0.9
9 9% [ %) MNeas Ness [ ] 0.1 4" Boxnj new loadings
L 0. 80
L 0.0
L: & % 0. 83
3 s, 937 2,38 Neas Noss .02 " Truscated pyramid box
10,008 .47 Neas Nene 0. ¢7 1,00 4-misuke sun tan
.47 0.9
&1 1.0
N 0. 9%
.3 0. 97
&1 [ 1} 1 1/3.-misute oun taa
.40 0. % 11/3-minute sun taa
-3 ¢ 1.00 No sua tan
~1.3 . a-misute sua tan; very old aside
-d 3 P9 3 ) 4-miswte sua taa; very old aside
10,009 3.9 Neas [N 1] 1,02
L0 [ ' 0.9 1,13
) Olase pearly sstached to sside boldet
{d) 19-mil.thick misrescope slides
) Coafinement sttached to losded aseembly
(g} Mirvor ben reflectivity in (hoos shots was grester Ihan previously. All delayes hsve been
sormalised ta & standard delay of 0,84 pmec.
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Figure 10 INCREASE IN INITIATION DELAY Of LEAD AZIDE
WITH INCREASING PACKING DENSITY
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developed, are listed in Table 6, As already mentioned (see Sec, 1I-2¢)
some difficulties are still encountered in attaching confinement. The fairly
large jitter shown in Table 6 is undoubtedly & consequence of this. The re-
sults in Table 6, and more clearly in the summary Table 7, indicate all
batches except 7, 8, and 13 have about the same normalized initiation de-
lay. Delays for Batch 7 are shorter than the others, and those for Batches
8 and 13 are longer, Batch 7 was made with colloidal lead azide, The
duPont Company informed us that they experionced considerable difficulty
in mixing colloidal aside and binder prior to the fabrication of the sheet.

It is believed that Batch 7 has a lower binder content and Batches 8 and 13
a higher binder content than usual. This view is supported by the observa-
tion that for a given sun exposure Batch 7 turned more brown (sun tanned)
and Batch 8 less brown than the other batches.

e. ~Initiation of plane surfaces

The assembly of plane surface initiation shots was described in
Sec. 11-2b and depicted in figures 5 and 6. In all these shots (as well as
the curved surfaces to be discussed in the next section) the explosive face
toward the smear camera was viewed by a multi-slit arrangement as
shown in the "'still" of figure 11. Generally 9 to 12 slits traversed the
explosive surface, In an ideal surface initiation the simmear record should
look just like the still, i.e., all the slits should be 1it up simultaneously
along their entire length. Figure 11 shows a record in which this ideal
situation is approached. Figure 12 shows a shot in which the simultaneity
of detonation is not as good as that in figure 11, presumably because the

window was not in as good contact with the azide sheet.

Table 8 presents the analysis of the shot shown in figure 11,
Although this was one of the best shots from the point of view of small
jitter, certain features in Table 8 are common to most plane-wave shots,
Note the increased initiation delay at the outer periphery of the explbsive
("Top,' "Bottom, ' and slit 1), The jitter along any single slit is often

smaller for the central slits than for the outer slits, as is the case for
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Table 6

NORMALIZED INITIATION DELAYS OF LEAD AZIDE SHEZT DISKS

Average
Shest Sheet Normele Normalised

Shot Batch Denaity isation No. of Delay Range

No. No, (g/cc) Conficement Factor Obs, {usec) (noac)
10, 948 10 30 37-mil Glass 0.97 H l.44 l.42-2.4b
10, 947 10 2.9 0. 87 ] 1.40 .
10, 911 10 ~3.2 ? 2 1. %(a) 1, 53-1,56(a)
10, 878 10 ~3,3 1.00 2 1. 30 i\, 28-1.3)
10, 874 10 ~3.3 0. 925 4 1. 47 1.45:1.49
10, 862 9 3.2 0. 86 1 1. 54 —
10, 808 9 ~3. 2 0, 933 2 1.44 I, 42-1.46
10, 807 9 -~ 2 0. 86 1 1.44 .
10, 434 6 ~3,2 0.87% 1 1. 46 -
10, 245 3 ~3.0 0, 82% 2 1.43 1. 42-1.44
11, 244 13 Ll 29-mil Glass 1.00 2 12 2.01.2,17
11, 224 13 3. 08 1.00 2 2.20 2, 29-2,20
i1, 241 12 .12 0.9 3 1.47 1.42-1,50
11, 223 12 3,18 0. 99 i 1.49 -
11,118 12 L2 0.89 I 1.41 .
11,177 12 3. 16 0.93 1 1.48 -

1,178 11 3,09 0.89 1 1,45 -

11,117 11 3,00 0,93 2 1.43 1. 38-1,47
11, 00) S 3,00 0. 98 4 1.37 I, 33-1,42
11,011 6 3. 12 0. 98 1 .39 .

11,011 ] 3,06 0. 98 2 1, %) 1,81-1,5%
10, 863 1¢ %2 0, 958 1 1.3 -

10, B%8 9 ~3,2 0. 958 1 1.4% -

10, 429 s ~3, 2 0. 80 3 1,32 1,311, 34
10, 429 6 ~3.2 0. 80 H 1. 39 1, 36.1.41
10, 828 9 ~32 4-mil Glass 0,928 2 1.23 1,17-1.30
10, 875 10 ~3,3 4-mil PVYF-40 1,00 2 1,43 1, 42-1, 43
10, 862 9 L2 0. 86 1 1.87 . .
10, 829 9 ~3, 2 1. 00 H 1.42 1. 29-1. 45
10, 594 8 ~3. 2 0.97% 2 1.78 1,69-1.8%
19, 683 9&10 ~3. 2 4-mil Tedlar 1. 00 3 1. 32(v) 1. 30-1.36(®)
10, 683 3 ~3, 2 1. 00 2 1. 28(b) 1, 271, 28(b)
10, 683 L ~3. 2 1. 00 2 1.38(b) 1o 34-1.42(b)
10, 683 8 ~3,2 1.00 4 1. 54(b) 1, 46-1,63(b)
10, 682 9 ~3. 2 0. 963 2 1,320b) 1. 30-1, 34(b)
10, 682 10 ~3,2 0. 965 1 1. 31 (b) -

10, 654 6 ~3, 2 4-mil Tedlar 0. 995 1 1.2% -

10, 654 1 ~3,2 0. 995 1 1.02 .

10, 393 ? ~3, 2 0.88 \ 0.99 -

10, 538 7 ~3 2 0.72 H 1,04 1.,01.1,08
10, 513 5 ~3,2 0,93 3 L3 1, 32-1,40
10, 454 6 ~3,2 0.9 [} 1. 38 -

10, 452 5 ~3,2 0.087% 1 1.3% -

10, 434 6 ~3.2 \ 92,89 1 1.3 -

10, <29 5 2.5 None 0, 80 2 2.9 2, 54-3. 4
10,429 6 2.5 None 0, 80 2 4,58 4, 10-4,90
10,178 1 <3 Neone 0,818 H 4.2 3. 94-4.50
10,178 2 <3 None 0,815 2 N 2,8%.3,10

{a) Not normaliszed,
{b) Not sun-tanned; corrected to 4 min. sun tan to which all other disks were sxposed,
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5, C(CONTROL)

SHOT ANALYZED
ALONG THESE
TRAVERSES

PLANE-WAVE SHKJT, SHOT 10,245
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Figure 12 PLANE-WAVE SHOT, SHOT 10,454
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the shot shown. ‘I'he jitter along a single siit, along any row, or overall,
8 four to five times greater than the corresponding etandard deviation
from the mean, which according to the usual statistical considerationa in-
dicates a randomly distributed variability of initiation delay, For example,
the shot of figure 12, which ie one of the worst, has an overall jitter of
0.57 psec and an overall standard deviation from the mean of 0,14 usec;
without ""edges' the jitter and standard deviation are 0.50 and 0, 12 psec,

respectively,

The overall average initiation delays, T, the average of the
shortest initiation delays for every slit, Ty, the overall jitter, and the
overall jitter without '"edges'' are shown for 2ll plane-wave shots in Table 9.
With the exception of the unconfined or poorly confined shots, 7 and ?min
are pot vary different. As was found for control diske, surface-initiation
shot delays using Batch 7 sheet azide are‘ shorter and those using Batch 8
or 13 are longer than shots using the other batches. The average initiation
delays are not very strongly influenced by the type of confinement usad,
This obgservation will be discusesed later, The greater jitter at the '"edges’
hau already been mentioned, The results shown make it obvious that good
(i. ., reproducibly applied) confinement greatly reduces jitter. Further
study of these data shows that in systems of comparable confinement jitter
is smaller for the thicker explosive trains, The same effect is observed if
one compares the light-breakout pattern for a thin expiosive train with that
vbeserved when the shock generated by the same explosive train travels
through about 1/8 inch of Lucite and becomes luminous, when it then enters
a very thin argon gap. This is shown in figure 13. The earliar light break-
outs, which are numbered, correspond to the directly viewed detonation,
and the later set, which partially overlaps the first gignals, corresponds
to the attenuated shock. Here the overall jitters before and after passaye
through the Luc..e are 0.50 and 0. 42 psec, and the corresponding "without
edges' jitters are 0.48 and 0,30 psec. I other records this eifect is
even more proncuiced., These observations are consistent with the supposi-

tion tl, _t the leading portions of a ragged shock profile are attenuated more
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by any medium, explosive or inert, through which the shock passes. From

rather jittery shock can be appreciably smoothed before it entere a test
structure which is being shock-loaded "simultaneously' along its surface
if one interposes some relatively thin plastic sheath between the explosive
and the test structure, It seems likely that any ablating material around

the test structure will function in this manner.
f. Angle effect

Before summarizing the cbservations on surface initiation of
cylinders, it is necessary to consider how initiation delay is influenced by
tilting the lead aside surface to some angle & relative to the vertically
positioned shot holder which is parallel to the advancing plane argon shock.
If all the radiation arrived as a collimated beam, and if the azide surface
acts as a Lambertian absorber, the fraction of radiation received by the
azide would be proportional to its projected area and would be given by
cos ¢ In reality some 70 to 80% of the energy is received via reflections
and the radiation strikes the azide at all angles of up to about 60° so that a
simple cosine law would not be expected to hold. Since the optics of the
situation are very complex, an empirical approach was used to determine
the magnitude of the angle efiect, Standard assemblies were tilted at known
angles from the vertical and initiated and recorded in the usual manner.
Results are shown in figure 14, Although the experimental scatter is larges,
it is apparent that the angle effect is quite small for tilts of up to 30° or

even 40°,

g: Surface initiation of hemicylinders

These results are summarized in Table 9, Here T and ?min

differ from each other rather more than they did for flat surfaces, Often

the overall jitter is greater than for flat surfaces, but is roughly comparable

to flat surfaces if jitters are taken along any given horizontal traverse.
A 27.5-mm radius of curvature hemicylinder (figure 15) appears to show a

decidedly faster initiation in the central portions than for the outer portions.
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For the more graduaily curved suriace of figure i6 this difierence in

st eI B A

initiation delay is less pronounced. The strongest argument against ex-
plaining these observations on the basis of the angle effect just discussed
ie furnished in figure 17, Here the radius of curvature was 25 mm so that
the angle effect should have boen quite pronounced, but initiation can be

seen to occur uniformly over most of the viewed surface, There were no
cracks ln the glass confinement of this shot, For the shote in figures 15
and 16 the glass front-surface confinsment was cracked during loading.
Photographs of the crack pattern are superimposed on the smear records,
Note the ot:ikinj correspondence of crack location and increased initiation

dol;y. Thus an appreciable fraction of the cbserved jitter in these shots
is due to cracks in the confinement, and the apparent early initiation in

= the center of figure 15 is presumably due to crack location rather than any
‘angle effect, Very close to the upper and lower portions of these records
the tangents to the curved surfaces form angles of 30 to 40° from the
vertical. The increased initiation delay observed in all three records for
thees regions may well be a manifestation of the angle effect.

The record nf figure 17 also provides clear-cut evidence about
the major cause of delay jitter. During shot assembly it was noticed that

there was poor contact between aside and glass confinement in what is the
1 i lower right-hand region of the recérd. and to a lesser degree in the ex-

! : f treme left of the shot. Thess regions correspond exactly to the long de-
lays seon on the lowsr portions of slits 1 and 2 and the jitter shown by the
’ . upper part of slit 9.

The results in Table 9 show a larger jitter for the shots con-
j _ finad with thin plastics than with glass. It is believed that this difference
F . is primarily due to the difficulty of obtaining a good bond between the

1 plastic and the sheet aside, In the regions of no bonding or weak bonding
the azide and the plastic separate, the delay is increased, and this shows
i up as jitter. As will bs shown later (Table 12), 1-mil-thick plastic is as

good a confining agent as <¢0-mil glass for granular lead azide.
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Figure 17 HEMICYLINDRICAL SHOT (25-mm Radius of Curvaturs)
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The procedures used in attempting to initiate nitroglycerin or
PETN by an argon flash were described in Sec, 1I-2g. In retrospect it
seemns that more Nigrosine black dye should have been dissclved in the
nitroglycerin to make it more absorbent. Three readable records were
obtained in six trials contained in a single shot. For all three the light
"signal'' emerging from the face opposite to that irradiated by the flash
was diffuse and lasted for several microseconds. This is the type of
signal one might associate with a deflagration rather than a detonation. l _.
The first discernible appearance of diffuse signals (theae include transit 7
times from the irradiated face to the camera face) occurred in 8, 75 psec
for a quartz window assembly and 9.60 and ~14 psec for glass window
assemblies. Shock arrival at irradiated surfaces occurred in about 26 psec,
Clearly, some light-induced effect was thus observed. However, this

effect is slow and variable and does not appear to produce a dstonation in

-......--.-
. )

nitroglycerin columns about 1/4 inch in diameter and about 0.1 inch long,

In most trials with finely divided PETN, pure or mixed with fine
graphite, the observed light signals corresponded to detonations, However, !
the time to the start of these signals always occurred after the shock in
argon had arrived ai the irradiated PETN surface, As shown in Table 10,
the difference in time between shock arrival and start of light signul appears

to be independent of window transmissivity--initiation occurred even with

windows painted black. This delay also appears to be independent of PETN

. R Y PEYTIOETRTP

packing density, It may be a little longer for the PETN/graphite mixtures
than for pure PETN and it definitely increases with increasing window thick-
ness. Clearly, thie is a shock initiation phenomenon and because it may

be of some general interest, further discussion ia presented in Appendix A.

Occasionally deflagration-like signals were observed with granu-
lar PETN p :or to--and,less frequently instead of--the detonation signals,
These hard-1>-read records are summarized in Table 11, The delay from

start of flash to first discernible "deflagration”"aeems to depend in some
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complicated fashion on energy and confinement. Generally delays are
shorter with quartz windows than with glass. The more absorbent
graphited PETN may give shorter delays with comparable wirdows than
pure PETN (note last entry in Table 11 which contradicts this generaliza-
tion), The single result with a Teflon FEP window, which transmits u,v,
nearly as well as quartz, shows a long delay. This may indicate the neced
for heavier confinement., Even this initiation, which occurred about 2,2
p8ec after the argon shock arrived at the irradiated surface, could have
started before shock arrival since the transit time through the detlagrat-
ing PETN could easily have been much longer than 2,2 usec (for a steady
detonation established instantaneously at the irradiated surface the transit
time would be 1.2 usec),

1 r—————————
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SECTION I1I

DISCUSSION

l. Dependence »f Initiation Delay on Energy Absorption

a. Model of initiation process

As before, 2 it will be convenient to describe qualitatively a
model for the initiation process and then examine its quantitative conse-
quences. New data suggest the need for some modification of the original
mmic.el.z although that model appears to be correct under conditions of good
front-surface confinement and relatively low lead azide packing densitics.

(1) Assume that the argon radiation absorbed by the azide

appears primarily as heat and is used to raise the tem-
perature of the azide.

(2) Assume that there is no heat loss,

(3) Assume that for most of the observed initiation delay
there is no thermal decomposition of the azide and con-
sequently no self-heating.

{4\ A zan=ap that nglf-hes¢i~a, §,e,, thermal decomuvosition,
—ecws it starts, leads to thermal explosion &i. ‘zlonation
in very short times, provided that decomposition takes
place in a sufficiently thick azide layer.

(5) Assume that the primary energy transport mechanism
to achieve critical reaction zons thicknuss in the azide
is via hot product gas flow from already reacted regions.
Under favorable conditions this energy transpurt can be
very rapid; hence, compared with the observed initiation
delays, energy transport times are very short.

{6) When conditione for inward gas flow are unfavorable,
energy transport to achieve critical thickness is via pene-
tration of flash-bomb radiation into the azide regions be-
low the "front'" surface, This is a slower process than (5).

A sketch of the expected surface temperature-time profile in figure 18
may help clarify the proposed model for conditions favoring (5). Here 7
is the observed initiation delay, T_ is the time to reach T, above which

c
self-heating takes over, Q and ¢, are heat of reaction and specific heat
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of lead azide, B is a constant, characteristiz of the system used, and {

18 the fraction of azide decomposed in time, t.

Because T is of the order of 1 to 10 usec, and T_ has been

2 ¢ be of the order of 900° K, assumption (2) appears to be sound;

shown
i, e., there is insufficient time for appreciable heat loee by conduction and
T i8 too low ior radiaticn to be important. Since chemical reaction rate
is controlled by the term exp'E/RT, the abrugi change [assumption (3)]
from no reaction to very rapid reaction seems reasonable, provided E,
the activation energy of the rate-controlling process, is fairly large, as
found, 2 Assumption (4) has been modified to bring in the realization that
in order to establish a steady detonation a layer many molecules thick has
to react in times comparable with T or shorter, If the reacting layer is
ton thin, a rarefaction from the azide-confinement interface can quench

reaction and prevent growth to detonation.

If the proposed model is correct, under favorable conditions of
confinement and packing density, initiation occurs very sbortly after any
azide region of sufficient thickness reaches T ., regardless of the window-
iilter system used., Thus it is to be expected that for these cases

T = constant = BT + T ~BT+T
< c o (<]

where B is the maximum rate of temperature rise of the lead azide., That
T, is constant, i.e., B'T' + ’I'; ~BHT 4 T"; has besn established experi-

mentally by measuring initiation delays for different window-filter combi-

nations placed between the azide und the flash-bomb and also varying the

ambient temperature. 2

Consistent with assumption (2), heat conduction from the region
of maximum reaction, located at essentially the mathematical front surface

of the irradiated azide, is too slow to achieve temperatures of the order of
Tc in times Tc in a layer of the order of 1 thick. A posteriori justifica-
tion for critical layer thicknesses of around 1l p will be furnished later,

Similarlv, at any plane a distance x below the mathematical front surface,
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radiation absorhed in time 1‘; will raise the temperature by B‘fce-ax<(T,-To).
Clearly under the asual conditions of good front-surface confinement ar;d
low packing density (BT = constant) penetration of radiation cannot be the
controlling mechanism by which a critical thickness is Feated to around T.
Under different conditions, namely, poor surface confinement or low poros-
ity, penetration of argon »adiation into the azide "interior' can become very
important. For conditions under which BT is constant, it is suggested*
that the main process by which reaction is established in a critical thick-
ness, is by hot gas flow from the reacted regions near the mathematical
front surfsce, Figure 19 is a very rough schematic of what may be hap-
pening. Hot gas product clouds from irradiated regions of adjacent azide
grains may interact with each other and vi.th the front-surface confinement
to form jet-like streams which impinge on the uhirr;diated portions of
thess grains and particularly the next layer of grains which are shadowed
by the front layers. Hot gas is continually supplied from the reacting
regions which now include not only the irradiated surfaces (which are likely
to be molten lead azide just prior to appreciable reaction) but alen areas
heated to above T, by the gas streams. This cumulative buildup of pres-
sure and temperature could rapidly establish conditionus required for

steady detonation, '

A previous attempt at exphiningT the confinement effect is shown
to be inapplicable in Appendix B.

b, New evidence for constancy of BT

A rigorous definition of B, the maximum rate of temperature

rise of the lead azide, as given in Reference 7 is:

A, T
B=x E‘_L L ARQYWQAI[1-RA)] ad)r (A, t) F (A, t)dtdr (4)
v
1

* The gas flow mechanism was suggested to the author by G. M. Muller
of these Laboratories, who also deeiga.d figure 19, and set up the cal-
culations discuseed in Appendix B,
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whare W - N, N ig the hlackhody function of Egs. (2) and (3), I is the
relative light intensity, and F is a measure of the radiation divergence
lose. The uther symbole have the same meaning as those definéd in
figure 1. Figures 7 and 8 show that I chanyges quite slowly with A and t
for most of our experimental conditions. Consequently, it is sufficiently
accuraie to replace I by an eifective light intensity T as defined by Eq. (1)
and to take 1 outside the integral signs, Similarly, F is replaced by FT
as given by Egs. (1), (11), and (12) of Reference 2. Equation (4) there-
fore is simplified to
Faf e
B~ AQMWR)[1-RA}] ad)ar (5)

v 71

and the integral is evaluatesd numerically 28 before, z

It is reasonable to inquire whether R(A) and a(A) measured at

room tempertturez

remain unchanged as the azide gets hot. An affirma-
tive answer is provided by the following experiments. Approximately
20-u-thick disks of ball-milled PVA lead azide were placed on thin glass
and irradiated thuiv .. :l. §. »y a '"'small-scale'" (see Ref. Z) argon
flash-bomb. The light transmitted through the window and disk was viewed
with our photomultiplier system, ‘The disk constitutes a very good diffuser
and it is therefore to be expected that, if its characteristics do not change,
the light transmitted increases as the radiating plane shock approaches the
diffuser. As seen in figure 20, FI [F from the geometry of the system
and Eq. (10), Ref, 2, and I from figure 7], which is a measure of the
illumination of the azide disk by the advancing shock, is directly propor-
tional to the observed light intensity transmitted through the disk, This
could hardly be the case if either & or R changed appreciably as the azide
temperature increazled toward T . At the time 7, shown in figure 20, ex-
plosion presumably occurred and the transmissivity of the system de-
creased drastically because of chemical change and very much higher tem-

peratures and/or shattering of the thin window, It is very gratifying that
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the T. = BT, calculated on the basis of the T of figure 20, is 590° K which

is in excellent accord with the average T¢ ot 610°K (Table 11, Ref., 7).

Ag already mentioned, it is to be expected that BT = constant
for low to intermediate azide packing densities and fur good front-surface
confinement, New results (those not reported in Ref. 2 or 7) are summar-
ized in Table 12. Note that BT is constant even for N flash-bombs for
which T is about ten times longer than for argon flash-bombs, As indi-
cated by the last entry in Table 12, as little as 1| mil of low~density plastic

constitutes '"good" front-surface confinement,

Table 12

CRITICAL TEMPERATURE RISE OF WELL-CONFINED,
POROUS LEAD AZIDE AGGREGATES

Normalized*
Mli(:o:: e- l;:\]’:;"&: e? Bo** B, ATC=B?

Confinement ments (noec) CK/psec)| CK/psec) (°K)
39-mil glass many(a) 0. 88 1300 693 610
29-mil glass 30 0. 84 1390 715 610
39-mil glass 4 9, 12(b) 111(b) 69(b) 620
29-mil glass 6 9. 00(b) 117(b) 71(b) 645
65-mil quartz 2 6, 40(b) 225(b) 92(b) 595
65-mil quarte 2 0. 67{c) ~5000(c) | ~860(c) ~575
29-mil glass 2 1. 79(c) 1390(c) 330(c) 590

1-mil PVF 3 0,75 1840 800 600

* Maximum spread is around 0.1 Tor less.
%% s the integral of Eq. (5) divided by cyr

(a) See Reference 2,

(b) N flash of Ty, = 11,000°K; all others argon flash of Tp = 29,000°K.

(c) 4x4x4-inch ''Black Box' - no reflections; all others mirror boxes.
usually 4x4x8 inches.
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Tt e woon fram the Tast column of Tahle Q that BT is not canviant
for sheet lead azide. All values are higher than the expected 6107 K/pscc
even after they have been corrected for an increase in 7 due to the higher
packing density of the sheet azide as compared with standard granular
azide pellets. The values closest to the expected one are for Batch 7 sheet
azide, There is reason to believe that this batch contains the least aniount
of Teflon binder. DEatch 8 or Batch 13 which contain the largest amount of
binder give the largest apparent BT, Consequently, the larger than expected
BT's are understandable in terms of radiation absorption by the binder
which, as is known from propellant technology, congregates on the sheet

surfaces. The binder layers act as extra light filters.
c. Estimates of critical thickness

Figure 10 showe that as the porosity of well-confined azide aggre-
gates is greatly reduced, initiation delay inc;.reaaea. At low packing denaity,
moving the window away from the irradisted azide surface also incrcases
initiation delay as shown in figure 2l. Both these effects are understand-
able in terms of the critical reaction thickness modcl. I1f this model is cor-
rect, then under conditions which prevent gas flow into the interior and per-
mit only penetration of radiation, for an observed delay 7',

4Pox (6)

ol 2T

Tc = constant = 610° K = BT'e

where @ is the average absorption coefficient (in cmz/g) in a region x cm
below the mathematical front surface of the azide. In words, Eq. (6) states
that within a thickness x all the azide is at least as hot as the critical reac-
tion temperature Tc' Since we are referring to individual grains, the
appropriate density [p, in Eq. (€)] is 4.8 g/cc, the crystal density of lead
azide, Knowing T and B and estimating & (from figure 10 and Table 12
of Ref. 2) one can solve for x, The results of these computations are sum-
marized in Table 13. They lead to the following conclusions:

(1) At low packing de' ~ity the calculated x increases with
separation of azi.. and window, The big variation in x
occurs between one mil and several mils separation.
For larger separations, x does not change any further.
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(3)

(4)

(5)

mho calculated x incrsasse with packing danaity.-

rapidly at intermediate densities and very slowly at high
densities,

Over wide ranges (250 to 1300° K/usec) x is independent
of B.

Extrapolating the delay vs density plot for well-confined
assemblies (figure 10) to crystal density and using this
value in Eq. (6) gives x~1.1p which agrees very well
with the critical thicknesses obtained at high densities
in unconfined systems. This is strong evidence that the
confinement effect and the density effect are caused by
the same phenomena. This "'measured" x justifies the
use of ~1 p critical thickness ir Sec. IlI-la.

For very small B's (nitrogen flash) gas penetration
somehow appears to be the main energy transport
mechanism even under conditions where gas penetra-
tion hss been largely eliminated at the higher rates of
energy absorption. This apparent anomaly will be ex-
amined later.

Since steady detonation in homogeneous or heterogeneous materi-

als is also bclievod8 to be a thermal process, it may be suggested that the

approximately 1 -p critical thickness found above is of the same magnitude

as the reaction zoae thickness in an established lead azide detonation.

Certainly such a narrow reaction zone is coneistent with the common

observations of no diameter effect and no run-up to detonation for lead

azide. The l-p critical thickness is also consistent with "hot spot'' diame-

ter estimater, 9
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d, Pressure rise during initiation

Figure 21 shows that the initiation deiay iu ai unconfincd system
at an ambient pressure of 21 atm is considerably shorter than the delay in
a similar system at | atm., It seems reasonable to expect a simiias effect,
regardless of how it is caused, from gas formed during the early stages of
lead azide decomposition provided that this gas cannot escape too rapidly.
For low prassures, i, e,, early stages of decomposition, the gases produced
shouid behave ideally and the pressure for a constant volume reaction will be
given by

3p IT

P = M

= KIT

wherse Py ie the packing density and M the molecular weight of lead azide,
and { is the fraction of aside decomposed.

The product (T as a function of time and B can be obtained from
numerical solutions of the heat balance equation [ Eq. (18) of Ref. 2 or Eq.
(5) of Ref, 7] . This was dons for the following conditions:

E = 37 Kcal/mole, Z = lOHooc'l. Q/cv = 3250°K, T, = 300°K.

The time differences between producing pressures of 10, 20, 40, and 100
atm and thermal explosion are given as functions of B, the energy absorp-
tion rate, in figure 22, which also shows some other information to be dis-
cussed later, These plots suggest that for low B, for which most of the
decomposition occurs over a period of the order 0.1 usec or more, the
earliest stages of decomposition create an ''ambient' pressure of sevaral
tens of atmospheres (for p = 40 atm, {~0,02), Presumably sucha
pressure near the irradiated reacting surface is sufficient to defiect most
of the subsequent hot gas product flow inward into the azide mass and create
conditions favorable for the type of energy transport shown in figure 19,
For most of the atudied systems B is such that the duration of the inter-
mediate pressure regime is so short that it could have less influence on

the subsequent gas flow than in the case of a nitrogen flash of very low B.
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However, the results in Table 13 (increase of x in vacuum and with sepa-
ration of window) auggest that aven for these high B syvstems there is some
inward gas flow which is stopped only when the porosity of the system gets
very low. It is aleo possible that high energy absorption rates create
vigorous gas jets many of which escape from the irradiated surface if it is
unconfined, and that this loss is less important at low B,

e. Types of light breakout

It has been pointed out that detonation starts very near (within
~1p) the irradiated lead azide face but is viewed by the streak camera at the
opposite face. Because of this it is not immediately apparent that the type
of light cignal recorded by the camera bears any relation to the conditions
obtaining at the irradiated face. Considerable evidence has now been accu-
mulated which shows that the system does have a "memory, " so that condi-
ﬁou prevailing at the irradiated face do control the type of light signal
observed. For instance, length or diameter of the azide column or sleeve
material do not influence the type of signal produced but the rate of energy
absorption does. Shielding the outermost periphery of the irradiated azide
surface changes the type of signal and so does the intimacy of front-surface

confinement.

The varieties of breakou: signals have been classified into six
groups which are sketched in the footnotes of Table 14. The frequency of
occurrence of each of these groups for well-confined lead axzide aggregates
is shown in Table 14 as a function of B, the rate of energy absorption by
the azide. Although there is variation and overlap, the trend is unmistak-
able. As B decreases the signals change from ''symmetric' to ''center"
to "top or bottom.' The latter type is also characteristic of poor confine-
ment and possibly of high packing density. Symmetric signals must arise
from uniform initiation all around the outer aside column periphery as
sketchod in figure 8 of Ref. 1. Not shown in the sketch are the multipoint
initiations which must occur all over the irradiated surface a little later.

These aspharical wavelets coalesce to form a nearly plane wave front which
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On the average the symmetric signal has a duration of around
0.05 pmec. Using this time in & simple model like the one in figure 8 of
Ref. | leads to an azide detonation velocity which is much too high. Modi-
fying this model, as suggested above, to include multipoint initiation, de-
layed some 0, 05 usec behind the peripheral initiation, leads to detonation
velocities in good agreement with measurements by other techniques (see
figure Z). The "unsymmetric' signale must also result from peripheral
initiation but initiation which is no longer uniform in time. For unknown
reasons these otgnah are generally "sharp' as shown and do not have the
flattonad portions of the symmetric signals. The “otraight'" signals quite
obviously bave their origin in nearly uniform izitiation all over the surface.
Because the agide face toward the camora is viewed by a single slit across
it (see the still record of figure 13), very little can be said about the ori-
gint of the other type of signals except that they are nonuniform over the
time sacale of the order of 0.1 usec.

Once again a reasonable explanation of the above observations
is provided by the critical thickness model. For reasonably good front-
surface confinemsnt and intermediate azide packing density, energy trans-
port to achieve critical thickness is believed to be primarily via product
gas flow. One might expect that at high rates of energy absorption by the
azide, product gas interactions, i.e., formation of inward flowing gas jets,
is facilitated because gas pressures increase rapidly even in the early
ctages of dacomposition at the irradiated surface. Conversely, when B is
small, early decomposition is relatively slow, the gas streams are rela-
tively '"diffuse, ' and establizrhment of inward gas flow should be slower
than above.

These considerations may explain the shift from ''straight' sig-
nals to '"top or bottom'' signals a3 B decreases. The causes behind the
preponderance of "'symmetric" signals at the highest observed B's are not
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understood except that in a general way one might expect optimum condi-

tions for jet formation at the azide-sleeve-window interface,

It is fruitful to examine the total time duration of the lead azide
light signals in terms of the critical thickness model, Figure 22 shows
light signal duration of well-confined porous lead azide assemblies as a
function of B a# well as the pressurization time discussed in the previous
section, Note the rather close correspondence between signal duration

and the 10-atm pressurization at high B levels. As B decreases the sig-

nal duration curve tends toward pressurization curves of more than 10 atim--

for example, toward 20 atm. In these aseemblies BT = constant (T is
taken to the start of the light signal), i.e., detonation is established very
shortly after the thermal explosion of the foremost lead azide regions be-
cause energy transport to achieve critical thickness is very rapid. The
finite duration of the light signal is presumably caused by small differ-
ences in time to achieve critical thickness for different regions of the de-
composing azide, These differences depend on local circumstances but,
since it is expected that these circumstances are generally ravdomly dis-

tributed over the entire azide face, the average signal duration should be of

some significance. It is obvious that only a rather small portion of any
azide grain is in true contact with the front-surface confinement (see fig-
ure 19). The model suggests that critical thickness resulting in detonation
is first achieved near sites of true contact with the confinement because of
favorable conditions for inward gas flow. In the more numerous ''near-
contact" regions initial gas flow is supposedly largely toward the confine-
ment. These initial gas streams are reflected back into the azide by the
confinement. Additionally, the air space of the near-contact regions be-
comes pressurized by the product gas and this alsc helps inward flow by
minimizing the escape of subsequently formed gas. One might therefore
expect a correspondence between signal duration (really the time differ-
ence between local establishment of detonation under favorable and some-
what less favorable local conditions) and the duration of the reaction-

produced intermediate pressure regime. Large B, as already mentioned,
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the azide interior contributes appreciably to the energy transport. Conee-
quently, it might be cxpected that for well-confined systems a lower level
of self-pressurivation is required at large B's than at lower ones., This
may not be the case in unconfined systems for which the jet-like gas flow

may contribute more toward escape rather than inward flow (see Sec, 1I1-1d).
{, Liquid confinement

Before the importance of critical thickness was realived, it
appeared that a transparent liquid could be the perfect confining medium
since it would conform to the aczide surface and fill in any irregularities,
Glyceria and Kel-F o0il were tried as confining liquids in 2 system very
similar to that dascribed for vacuum shots in Sec, 1I-2e. Instead of evac-
uation, the space between azide sheet and a glass retaining wall was filled
with liquid, In three separate shots containing twelve liguid-confined
assermblies it was found that these delays were much longer and much more
variable than for the standard glass-confined assemblies. Obviously, the
liquid filled most of the pores between azide grains and prevented energy
transport via inward gas flow,

2. Surface initiation

a. General considerations

It is clear that the ideas developed in the last few sections are
as applicable to the surface initiation of lead azide sheet as they are to the
initiation of small granular lead azide pellets. As above, jitter is pri-
marily caused by variation in the intimacy of contact btetween the confine-
ment and the azide sheet. The main role of the confinement is believed to
be as reflector of outward moving gas products. Although not conclusively
proved, it is believed that the slightly smaller observed jitter with glass
confinement rather than plastic confinement (see Table 9) is caused by
better contact, because of better glue-bonding, between azide and glass
than between azide and plastic. It appes ‘s that the inherent variability of
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i the sheet azide is much less than the variability caused by varying confine-
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content at the surface. As already mentioned, a high binder content at the
surface acts like an extra light-filter, thus decreasing the energy absorbed

by the azide.

b. Recommendations for better sheet azide

It is expected that a binder which is easier to glue and more trans-

parent than the presently used Teflon will greatly reduce azide sheet jitter.

The azide content of a sheet with this sort of binder probably can be reduced
below the present 95% level. At high packing d;nlity (low porosity) small
changes in density result in large changes in initiation delay as shown in
figure 10, Consequently it is desirable to keep azide sheet packing density

Vo e e o -

fairly low-~possibly a little lower than the present 2.5 to 2.7 g/cc. The
presently attained sheet thickness tolerance of around 1 mil appears to be

acceptable,

c. Applications

o el e L A

It is expected that the proposed surface initiation method will
fird its greatest usefulness in the study of the response of aerodynamic
structuree to simultaneous loading, To be applicable, this method must be
capable of providing impulses in the useful range (typically 103 to 106 dynes
lec/cmz) with a simultaneity approaching 0.1 usec. Impulse will be largely
controlled by sheet thickness and confinement, The presently available
sheets are 20 to 30 mils thick, These would provide impulses in the 1_05 to
108 t.'lym:-lav:./crn2 range. In principle, there is no reason why the sheet
cannot be made much thinner to reduce impulse. We have observed what
appeared to be a detonation with 20-u-thick granular azide disks (figure 20).
1t is known (Table 9) that 1-mil-thick plastic confinement is reasonably

effective. It is believed that this effectiveness can be greatly improved by
better gluing, Such thin low-density confinement should have little effect

on impulse. The smallest jitters now obtained, if edge effects are ‘ {
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disregarded, are 0.2 to 0,3 psec. We are convinced that better bonding of
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onfinemant can 1educe this appreciably.

To control the loading of the test structure by the light-initiated
lead azide, it is necessary to prevent the shock and explosive products of
the light source from reaching the test structure. This can be done with
mirrors as was done in the pumping of Tt:uerAs by an explosive light sourcel?
The main foresesable limitation for auch a system is that uniform illumina-
tion is limited to an area of 8 few square incnes unless very large parabolic
mirrors are used. It may be possible to keep a lower level of illumination
over larger areas fairly uniform by using neutral dmity’v‘ filters. A trun-
cated pyramid made of mirrors was used in an attempt to spread the light
from a small source to a larger area. As shown in Table 5, this was not
too successaful: jitter was rather large, since the central portions in this
urangcmn'nt receive more radiation than the cuter regions. It is believed
that even without further improvements the 'simultanecus' loading of a few
square inches of 8 curved test structure can provide interesting informa-
tion in a heretofore experimentally inaccesaihle arsa.

3. Future Work

Future effarts at improving the simultaneity of the proposed surface
initiation systermn ahould ba s part aof a program of tasting the response of
small aerodynamic structures to simultaneous loads., It is believed that
the main objectives of any such program should be (1) the improvement of
contact between axide sheet and confinement, and (2) obtaining sheets of
different thickness to provide a wider range in the available impulses.
Both will require close coordination with the sheet supplier, The present
supplier is rather inflexible and it would he most desirable to develop
alternative sc arces of supply. OLviously, any test structure program will
include the € .velopment of ''remote" light anurces and the determination
of impulse . anstants for lead azide sheet,
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SHOCK INITIATION OF PETN
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APPENDIX A

SHOCK INITIATION OF PETN

As shown in Sec. II-3h, our attempts to initiate PETN by radiation
from an argon flash-bomb were unsuccessful. The detonations observed
were caused by shock and/or flash-bomb detonation products., From the
point of view of & shock-initiation experiment--of course our system was
not designed to be a shock-initiation experiment--the analysis of a system
consisting of flash-bomb explosive-argon-window-PETN is very complex,
A crude and uncertain analysis by the method or characte;-iotico. n using
the pressure-particle velocity data of Seay and Sulylz for PETN at 1 g/cc
packing density and the results of Reynolds and Seely13 for argon, leads to
the following incident shock pressures in the PETN: auartz or glass windows,
~0,5 kbar, FEP windows, ~2 kbar; and no window, ~5 kbar,

If one considers the quartz or glass windows as rigid wallse and the
argon as a perfect monatomic gas, then the approximately 1-kbar pressurc
in the argon lhock12 induces a 6-kbar pressure in the window, 14 Further,
if one assumes the acoustic impedance match equation to be valid, then the
pressure of the incident shock in PETN is ~0, 7 kbar, which is of the same
order of magnitude as estimated above, Incident shock pressures of less
than | kbar would not be expected to initiate detonation in PETN, 12 The
2-kbar shock estimated for the FEP window system also appears to be
somewhat below the threshold of 2, 5 kbar suggested in Ref, 12. It may be
that the FEP windows are so thin (0.1 mm) that they provide no effective
barrier between the argon shock and the PETN, The approximately 5 kbar
obtained from the direct coupling of the argon shock to low-density PETN
should be sufficient for initiating a detonation. In any event, the observed
delays (Table 10) are appreciably less for these E:EP windows than for the

roughly equivalent delays in the thicker quartz or glass windows.
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The two main questions DOsEG DY vur vuas: vaticns jTakle 10} ava,

(1) Why do shocks of apparently less than 1 kbar initiate detonation in PETN?
(2) Why is the observed delay not increased by increasing PETN packing
deneity? At this time only highly speculative answers can be provided,

We Lave ol:uu-va«:l2 that the plane shock in argon travels at a steady
velocity for distances at least 10 to 20 cm from the original argon-flash-
bomb explosive boundary. This would indicate that some of the detonation
product'l of the explosive act as a constant velocity piston so that these
products travel at the same velocity as the shocked argon particle velacity.
If so, the detonation products would reach the neighborhood of the PETN
pollets rough.ly 1/2 psec behind the argon shock. The argon shock re-
flacted from the PETN window will collide with the detonation products

and a new and reinforced shock will be sent through the window into the
PETN. Thus shortly after the initial shock of less than 1 kbar enters the
PETN, a stronger shock is sent in, Presumably this second shock, or
even later reverberations, can cause initiation. "“The absence of a packing
density effect may be due to better acoustic coupling between the more
dense PETN and the window, or perhaps the early reverberation pulses
perturb the packing of the front PETN layers in which detonation is

initiated.
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THE EFFECT OF SURFACE CONFINEMENT

75




,ﬂh!,._.in...!..:. ey -

” o i

e

:
;

This page intentiocnally left blank.

R

76




FABITRPEe ene 5 Oma

F anth B el b odod
wE LCUIND AINEM UM A

It is well established that the elapsed time, 7, between the beginning
of the irradiation of the front surface of a lead azide pill and the emergence
of a detonation wave from the rear face of the pill, is significantly shorter
if the irradiated surface is confined by a thin glass, quarts, or plastic
window than if the front surface is left bare. In any giver shot with 40-mil-
thick glass windows the difference in T between the confined and unconfined
cases is about 0,6 psec, Effectiveness of confinement is independent of the
material or thickness (down to 1 mil) of the window, There is, however, a
strong dependence on the intimacy of contact between window and pill.

In trying to find an explanation for these oboorvauofn; one is tempted
to think first in terms of some form of heat loss at the bare front surface
by which the onset of thermal explosion is retarded, Most of the more
obvious mechanisms can be ruled out fairly easily. Heat conduction is too
small and, in any case, works in the wrong direction since the window,
being more transparent, would be expected to run cooler than the lead
azide. Jl.oss of heat from escaping reaction products is necessarily small
prior to the occurrence of substantial reaction; moreover, the escaping
nitrogen molecules having made on the average quite a few collisions within
the bulk of unreacted material, will leave the surface at a temperature
which cannot be much higher than that of the remaining material.

One mechanism that at first seemed to offer some hope of explaining
the confinement effect involves the diffusion of neutral N3 radicals. In
7
the wsual kinetic scheme for the decomposition of lead azide, it is

assumed that the primary (endothermic) step is

N3 +hv-—0N3+e ;

the frequency of occurrence of this step is governed by the usual Arrhenius
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law for P'bN6. followed by the exothermic second-order reaction. This
step is

N3+N3——03NZ+Q.

The second step depends on a reasonable mobility of the neutral azide
radicals; this mobility is made possible by the weakening of the lattice
forces when the temperature of the aside reaches or exceeds the melting
point. On the other hand, the mobility of the radicals also allows them to
sscape (by diffusion) from the surface, and this escape is impeded or pre-
vented by the presence of the solid window,

In order to investigate this mechanism, & machine computation was
set up for solving the coupled heat conduction diffusion squations. If the
density of the radicals is denoted by ¥, the conditions of confinement and
no confinemaent correspond approximately (according to diffusion theory)
to the boundary conditions 3/3x = 0 and § = O at the free surface. Even
when the (somewhat arbitrary) constants entering into the diffusion equa-
tion were chosen to be unrealistically extreme in the direction of emphasics-
ing the difference in delay between confined and unconfined cases, this
difference came out to be only 0.06 psec. It is fair to conclude that the
diffusion mechanism is not responsible for the confinement effec:.
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