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FOREWORD

The experimental work, documented in this report, was performed several
years ago under tasks SF33-354-314/18462 and ROOO-Ol/03L-OOO, IR-159.
Portions have been presented orally to NAVSEASYSCON in 1974 and at a meeting
on Safety and Performance Tests at ARRADCO94, Dover, N. J. in 1977. The
present report suimarizes the reported work on auxiliary gas loading of HEs
as well as newer work on PBXs, and documents the results. They will be useful
to those interested in understanding DDT and explosive sensitivity.
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INTRODUCTION : ."

The objective of this paper is to present all unreported or incompletely

reported work on the auxiliary gas loading experiments in our study of

deflagration to detonation transition (DDT). These experiments were primarily

designed to elucidate the mechanism of DDT, but at the same time they also

provide information about the sensitivity of an explosive to undergoing DDT.

In Refs. 1 and 2 we reported that the use of a rapidly burning, gas producing

material (called the auxiliary gas loader): (1) confirmed the fundamental
importance of a rapid increasein dp/dt in the ignition region to effect DDT,.-

(2) confirmed the proposed mechanism of DDT for 91/9 RDX/wax mixtures, and

(3) showed that the transition mechanism for gas loaded HE was the same as

that for self-loaded HE save for the superposed more rapid burning of the

loader. In the case of several HE which failed to exhibit DDT under

self-loading in our apparatus, we demonstrated the existence of a critical

column length of loader (z crit): if I <. Crit, no DDT; Ig >,crit, DDT.
crit g g g g gMoreover, as £g>.g was increased, the predetonation column length of the

test explosive decreased, as would be expected from increased gas loading
and duration combined with the pressure sensitivity of the test explosive.

Since the publication of that report, we have frequently been asked to

devise a method of assessing the tendency of HE to undergo DDT. It is far -
from a simple problem to obtain any sensitivity rating. That for DDT is '..

particularly'complex since the phenomena involved range from ignition -

and transient combustion all the way to a shock to detonation transition
(SDT) which must terminate any successful DDT. Moreover, any quantitative

* -.\-*.W

•*% %%.5
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rating requires a positive result; failures cannot be placed on a rating

scale. Finally, all results will inevitably be tied to the conditions of
the experiment; those conditions may or (more generally) may not approximate

the conditions of use.

There are many reasonable ways in which such a quantitative rating can

be attempted. Some of them are:

1. Vary the confining tube (or its venting) to determine the critical
confinement (venting) for DDT.

2. Vary the initial temperature to determine a critical value for DDT.
3. Determine the critical amount of admixed wax (RDX) to inhibit

(effect) DOT.

4. Determine the critical amount of a non-detonating gas loader to

effect DOT.
Each has advantages and disadvantages, but the last, or some variant of it,
was most similar in method and procedures to work already in progress.

Consequently, we incorporated the sensitivity problem into our studies.

In other words, we used the same apparatus, and applied information available

from previous work as the most expeditious way to rate sensitivity to DOT.
To obtain positive results from insensitive materials, an auxiliary gas
loader (94/6 RDX/wax in a rapid burning but nondetonating column, is inserted

between the igniter and the test explosive. The rapid pressure buildup that

results, coupled with ignition and subsequent burning of the explosive, is
sufficient to induce DOT in explosives such as porous TNT, Explosive D,
and cast Composition B which do not show the transition in our apparatus

under self-loading. 1'2,3 It is also the purpose of this paper to report
sensitivity ratings obtained in this way, i.e. by varying the ignition system

with an auxiliary gas loader.

2
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EXPERIMENTAL ARRANGEMENT AND PROCEDURE

The experimental setup and procedures have been described in detail
elsewhere, 2 In brief, a seamless steel tube (16.3 mm ID, 50.9 mm OD) with

heavy end closures was used. The length of the B/KNO3 ignitor column was

6.3 mm; the length of the standard explosive column was 295.4 mm. In the

present work, the gas loader is inserted between the ignitor and the test

explosive; the explosive column length is decreased accordingly. The DDT

tube is instrumented with ionization probes (IP) and strain gages (SG) to

monitor ionization fronts and strain, respectively.

Explosives were taken from commercial lots and satisfied the relevant

military specifications. The same lots as those of the previous work were

used; the weight mean particle sizes were:ammonium picrate (285um), TNT (325pm),
RDX (200um) and tetryl (470 and 160m). The carnauba wax (125pm) and the

blending procedures were also those used previously.

The auxiliary gas loader used throughout is a mechanical mix of 94/6 -

RDX/wax. It will be referred to as the loader. It is used at the same

%TMD as that of the acceptor for pressed charges, at 95% TMD for cast. All

charges were examined by X-rays for voids.

The basic concept of these experiments is that the gas loader chosen

reacts only in the burning mode, i.e., does not itself build up to either

a shock or a full scale detonation capable of initiating the test materials.

For this reason the loader has been examined for its behavior under self- .',

loading. Over the range of 70 to 97% TMD, the predetonation column length

x varied from a minimum of 92 mm to a maximum of 135 mm. 4 •5  In general, the '.";

loader length used (ig) was 55%t or less.

I- d

3
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The few variations in the general procedures, described above, will be
described later in the appropriate experimental section.

EXPERIMENTAL RESULTS AND DISCUSSION

This section will be divided into three parts: PRESSED EXPLOSIVES,

TNT BASED CAST EXPLOSIVES and CAST PLASTIC BONDED EXPLOSIVES.

PRESSED EXPLOSIVES

Detailed data for the gas loading of all pressed charges are given in
Table A-1 of Appendix A. Only summary tables and representative figures
will be presented in the body of the report.

Figure 1 shows a typical set of records for a pressed charge, in this

case 68.9% TMD RDX with a 19.8 mm loader. In the figure, there is a mildly

accelerating flame or IP front (-0.3 mm/ps) followed by the first detected

compressive front (1.3 mm/ps) and the detonation front (6.85 mm/ps). Additional
parameters that are measured from these data are the predetonation column

length, t' = - , where x is the x location of the onset of detonation, x

is length of loader column, and e and xg are both measured from the igniter/

loader interface. Various time intervals are also measured. Thus, AtD is
relative time to detonation from ionization pin response at x = 28.7 ram.
Similarly Atp is relative time to passage of the compression wave at the

same pin location. Finally

AtE = At D - a tp

would represent the relative time to detonation after the compression wave

had passed the location x = 28.7 mm.

In using the above formula to compute AtE, it is necessary to have a

common zero on the time scales. For example, if a short extrapolation is

made of the IP curve to x = 29 mm, the new zero time value must also be

4
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used in determining 29Atp Instead of using the formula, the time interval
29,&t andthi pbetween p and the onset of detonation can be measured directly on

whatever time scale discharge of the triggering probe produces.

Figure lb shows the strain gage locations and records for this shot.
It is from this figure that the data for the compressive wavei.e., times
of pressure excursions, are obtained.

Table 1 contains the summary data from five different charges at 70%
theoretical maximum density (TND) subjected to the same length of auxiliary
gas loader (zg-20 m, 70% TD). The charges vary in sensitivity to DDT
from those which exhibit transition under self-loading (e.g., 70% ThD RDX)
to those that do not (70% THO TNT and Expl D). It is evident from the

tabulation that the predetonation column length (Vi') does not correlate

well with &tD or Atp, but seems to show the same trend as does AtE (time to
detonation relative to time of passage of the compression wave at x-28.7 m).

Figure 2a confirms the fact that either ' or AtE gives the same sensitivity

rating for thee five 70% TMD charges (four explosives). The TNT and ground

tetryl (160 ps) values do not appear to be significantly different.

Table contains the summary data for 88% TMD charges subjected to the
same gas loader ( 9-19 m, 88% T1D) and Figure 3 shows a typical record for
DDT under gas loading of an 88% TND charge of 470 pm tetryl. Although the

elements of this figure are the same as those of Figure 1, the arrangement is
somewhat different. In particular, for the four shots from which strain gage
records were obtained, the compressive front paralleled the IP front from

the discharge of the third ionization probe on to the transition point

(see Figure 3a). Moreover, in three out of the other four shots, the

pressure front preceded the IP front by 8, 6, and 7 us (Shots 714, 510,

and 608, respectively). It followed in the 70% ThD charges, but in both

cases it originated in the gas loader region. To obtain an estimate of AtE
for Shot 716 (no SG record), it was assumed that the pressure front preceded

the IP front by the average (7us) and paralleled the line connecting the

3rd and 4th (x,t) pairs.

6
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The data of Table 2 are plotted V vs AtE in Figure 2b. Again either t'

or AtE will rate the explosives' sensitivity the same way although 91/9
RDX/wax and 470 pm-tetryl are not significantly different,* Only Expl D

(ammonium picrate) and TNT appear in both parts a and b of Figure 2. Their

quantitative rating at 70% TMD seems to differ from that at 88% TMD. This

is not surprising since we have found in waxed ROX,
4'5'6'7 waxed HMX,4'5

tetryl,8 "9'10 and picric acid 8,9,10 (presumeably, in general) that a change in

porosity affects both L (or ') and AtE, but in different manners. Hence a

change in %TD will affect the z' versus AtC relationship; surprisingly, it remains

linear. However, the linearity might disappear if a greater number of HEs

were examined.

Thus Figure 2 gives us two different scales of sensitivity for two
different degrees of compaction of the charges. To be sure, Expl D is less
sensitive than TNT on both, but not by the same amount. How the two scales
are related is unknown. We could have avoided using either ' or AtE by
determining the critical loader length, z9 crtt for each charge. The rating
would then be given by the critical values, each of which would require two
or more shots for a determination. However, this would not suffice to compare
charges of two different degrees of compaction. To do this we must abandon

the experimental design of the same degree of compaction of loader and test
explosive. Instead, the more highly compacted loader is used for both charges.
(This is based on the assumption that sensitivity to DDT decreases with
decreasing permeability and active surface area as it does for Explosive D1).
Then the t crit values should serve to rate charges of various compactions
as long as the range in sensitivity is not too great.

11
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Table 3 summarizes the data obtained on the remaining pressed charges

tested. They are arranged in four groupings within which Lg has been varied.

In view of this, all data (AtD and AtE as well as t) have been measured

from the loader/explosive interface; the superscript "I" indicates this for

the relative times. Only one grouping has enough data to bracket zg9 crit

and that is the first. To induce a transition to metastable detonation

(see Tables 3 and A-i)of 88% TMD TNT, Agcrlt is less than 9.5 mm of 88% TND

94/6 RDX/wax; to induce transition to steady state detonation, 9.5 < Lgcrit

< 19.1 ram. However, these values only apply to 88% TMD loader, and are

therefore inadequate for a quantitative evaluation of sensitivities at higher

degrees of compaction. We learn more qualitatively about sensitivity and

more rapidly with the indices of 9 and AtE.

It is evident from the data of Table 3 that gas loading affects ' and
IAtE the same way, i.e., increasing xg decreases both V2 and IAtE. This

confirms the results of Refs. 1 and 2 as does the fact that TNT is more sensitive

than Expl D to DDT at any given %TMD. The data for 88% TMD TNT suggest

that V2 stays constant at g _ 19.1 mm. This seems improbable in view of

the results found on 70% THD Expl D1 (' and 2t E were 153 mm and 107 us

for ig = 19.6 mm and 125 mm and 94 us for Xg = 29.8 m.) The next question

is whether Shot 510 or 617 is more likely to be misrepresentative. In view

of the fact that the data of Shot 510 seemed consistent with the data of

several other 88% TMD explosives, the data of Shot 617 are suspect.

Consequently, the values in parentheses for Shot 617 are for linear extra-

polation of the ' vs ig and IAtE vs 1g curves defined by the two shorter

loaders. Of course, this approximation assumes that transition to metastable

detonation and to steady state detonation lie on the same curve. That may

not be so, but the extrapolated values show the expected trend and are

consistent with that found for 70% TMD Expl D1.

12
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We can conclude that at £g a 19 m, increasing the %TMD from 88 to 94%
for TNT and Expl D results in a marked increase in z' and Iat for both

HE (94% TMD Expi D failed to transit with z. = 60 onu). The same conclusion

can be drawn for i. a 28.6 mi provided the extrapolated values are accepted
for Shot 617. This trend would certainly be expected with the loss of

voids and the approach to TND. However, if the values of 70% Th) TNT are

added to the series of xg - 19 m, a reversal between 70 and 88% ThD occurs.

This might be attributed to the different effects of compaction on the two

variables (already discussed) or to error in one of the two measurements.

TNT BASED CAST EXPLOSIVES

Self-Loaded

In the case of cast explosives, we examined the behavior under self-loading

prior to using a gas loader. Cast 50/50 pentolite was chosen for this purpose

because we had already established that it exhibited DDT and that cast Comp B

and cast TNT did not under experimental conditions similar to our regular

configuration

Thirteen charges of pentolite were examined: seven in a regular tube

(16 mm dia) and six in a larger tube (25 mm dia.). Detailed data for
five of these shots are given in Table A-2; Table 4 is a summary table of all

the shots. As those data show, two shots failed, and one showed transition

to a metastable rather than a steady-state detonation. Positive results
from the remaining ten indicate no detectable difference between two different
pentolite batches (X731 and X887) and between the presence or absence of

an end closure on these charges. In addition, the castings in the regular

tube behaved far more reproducibly than those in the large tube. For

example, the predetonation column length z varied from 176 to 194 mm (Av. 185)

In the former, and from 118 to 285 mm (Av. 191) in the latter. The greater

variability of pentolite cast in the larger tubes might well arise from the
resultant change in the cooling schedule during solidification. So too might
the unusually long delay in ignition observed in Shot 1508 (see Appendix).

14
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In Table 4, the value of x from tube fragment markings and from the

interval between probes, within which onset of detonation occurred, are
both given when available. This was done because there are, atypically,

apparent disagreements between the two (Shots 1413 and 1414). From the

distance-time plot of these ',hots (FigureA-13 and Figure 4), it is evident that

the most probable values of z are 181 mm (see Appendix) and 136* rm,

respectively.

Figure 4 is typical of DDT in cast pentolite under self-loading. The K
first event is formation of an ignition driven (IP) front. It i: followedp
by a front, outlined by the response of SGs, arising in the ignitor region
and, in this case, already at shock velocity. This front typically merges

with the detonation portion of the IP curves. Hence onset occurred close to

x = 136 mm in this shot. The DDT mechanism seems quite similar to that found

for porous charges'
7

In Figure 4 as in many other distance-time illustrations, there is more

than one point for the pressure excursion at several SG locations. An

excursion is a sharp change in slope, generally an increase. But in the

case of cast pentolite, tube stretching caused by strong chemical reaction

or strong axial shock fronts or both result in formation of minima in the

SG records. The exact point to read, e.g., the minimum or level just
preceding it, is in doubt. We have recorded the readings for all reasonable

possibilities.

For this shot the driving reaction has been sufficiently vigorous to

overboost the pentolite; thus the detonation front travels about 50 mm at

9.8 mm/Ps before it settles to a steady state value of 7.2 mm/us.

*This value was obtained from the time of the last SG excursion which fell ..
on the extrapolated detonation curve. However, the time difference between
this point and that for the SG 19 mm away was about one us. Such a small
difference is undoubtedly caused in part by error in reading the curves,
but it also indicates the possibility that detonation onset might have
been 118 + 3 mm.
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The difference between the most probable average values of x, 185 mm
and 207 mm for regular and large tubes, respectively, amounts to 12%. In

view of the scatter Qf data in the large charges, 12% is probably the order
of magnitude of the experimental error; it is certainly a lesser order than

the 56% increase in tube size. Thus the values for the regular and larger

tube do not differ significantly. We conclude, therefore, that DDT phenomena,
under self-loading of cast pentolite, do not scale.

The only other cast HE of this group tested by self-loading was cast

H-6. It failed to transit to detonation. The data appear in Table A-3;

their plots in Figure A-15.

Gas Loaded

Table A-4 contains the data obtained from gas loading of TNT based cast
explosives. Since loader and test material cannot both be cast into the tube

to form known compositions on either side of a planar interface, it was

decided to use high density (ca 95% TD) pressed 94/6 RDX/wax as the loader.

The test explosive is cast into the tube with a metal spacer in the gas

loader position. When the test material has hardened and the tube has been

conditioned at 250C, the loader can be inserted into the cavity provided

by the spacer. The isostatically pressed loader is machined into a cylinder

of the desired size (16.2 mm dia). The curved surface of the cylinder is

then covered with a thin layer of an uncured polyurethane (PU) mixture.

The loader cylinder is then "slipfit" into the metal tube (ID 16.3 nun)

with care to avoid trapping any PU at the loader/explosive interface; PU

at the ignitor end of the cylinder is avoided by gluelng the gas loader and

ignitor together before applying the PU. Cure time at room temperature for
this PU is 24 hours. After that interval, the annular space between the

gas loader and the metal tube is filled with solid; this eliminates any

possible "flashdown" from the ignitor toward the test explosive.

18
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Preliminary tests showed that our usual column length of 295 mm (loader

plus test HE) was inadequate to produce a transition in cast Comp B (60/40/1,

RDX/TNT/wax). Consequently, a column length of 410 mm (tube length of 457 mm,

or 18 in.) has been used for most of the shots on cast HE. Even so, Comp B

is the least sensitive cast HE on this sensitivity scale. TNT failed to

transit and is, therefore, off-scale.

Table 5 is a summary table of the results obtained in the regular (i.e.

': 16 mm ID) tube. Figure 5 illustrates the DDT behavior of gas loaded pentolite

(Shot 908) in contrast to self-loaded (Figure 4). In the case of auxiliary L

"- loading, the SG records also show minima, and the first SG front follows

- the IP front. However, the SG front overtakes the IP front about 20 us later

and thereafter precedes it. Transition occurs at 119 mm and 42.5 us (referred

to IP at 42 mm). The value ' = 119 - 40 = 79 mm is that comparable to I

under self-loading; i.e., it is the distance the disturbance has run to the

.- onset of detonation in the acceptor. The average predetonation column length

"-" z in the regular tube under self-loading was 185 mm; the average time to

detonation 42 (4 tubes) was 230 us and was not very reproducible. The

40 mm of 95% TMD 96/4 RDX/wax has considerably reduced both predetonation

column length and relative time to detonation for cast pentolite.

Figure 6 illustrates DDT for cast cyclotol 75/25 with 60 mm of the

. loader. As in the case of pentolite, the SG front precedes the IP front,

and the SGs show minima which deepen as the front progresses. Both of

these phenomena were observed in all loaded cast HE- even those that

failed to transit (see Appendix).

Finally, Figure 7 shows the trend .' vs 9. for the three cast HE which
g

exhibited DDT; it is the usual decrease of ' with increase of ig It is

quite evident that in order of decreasing sensitivity the castings are pentolite,

. cyclotol, and Comp B. A quantitative ordering can be obtained by using a

50 or 60 mm loader length and measuring 9., or by determining igcrit in

- each case. Negative results were obtained with a 60 mm loader on cast TNT.

Evidently the experiment must be further modified to obtain a scale covering

this less sensitive casting.

19
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A comparison of ' vs AtE was made for pressed explosives with a constant

loader length. In that case the time was relative to the discharge time of

an IP beyond the end of the loader. In order to make a similar comparison

for cast explosives with different loader lengths, AtE has been determined

relative to the time the SG curve reaches the interface between the loader

and test explosive. It is designated IAtE in Table 5 and was obtained by

extrapolating the SG curve back to that interface. As Fig. 8 shows, there is

evidently a correlation with V of the time interval between passage of the

SG wave and the onset of detonation (IAtE). Data for Comp B and cyclotolSG)

75/25 (5 points) fall on a straight line. The single point for pentolite

falls below the extrapolation of that line. That could result from (1)

experimental error, (2) curvature of the line to go through the origin,

(3) a different curve for RDX/TNT combinations from that for PETN/TNT, or

some combination of the three. (The slope of the Figure 8 curve, -1.8 mm/ps,

gives a reasonable plastic wave velocity for these TNT based explosives.)

In Table 6, data are given for 75/25 cyclotol and Comp B tested at

two diameters: 16.2 and 25.4 mm. Unfortunately, the length of the larger

tube was not scaled up with the diameter because the self-loaded pentolite

indicated that the phenomena did not scale. With a 50 mm gas loader, however,

the gas loading appears to dominate the DDT and in the case of 75/25 cyclotol,

both ' and IAtE seem to scale with the ID. In the case of Comp B, the

result is inconclusive because the larger diameter tube was too short.

. The 16.2 mm dia tube exhibited DDT at ' = 311 m. If it scales as did the

",-*: cyclotol, in the larger diameter V' should be 311 x 254 = 488 mm or.

t = 538 mm. If the tube had been scaled in effective length, a positive

result might have been obtained, but with an effective tube length of only

410 mm, a failure would be predicted and was observed. Should further

testing show that gas loading scales, that result would imply that there

exists some critical combination of values in the p vs t and dp/dt vs t curves

beyond which the DDT process would scale. In other words, without the slow

processes of ignition and low pressure combustion, DDT might scale. i"

24
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The present results, compared to those for pressed charges, make it
very clear that good castings will be far less sensitive to DOT than pressed
charges. Thus TNT at 94% TMD showed a transition with 19 mm TH) loader at
94% TH) (Table 3) and cast TNT (98% TMD) failed to transit under 60 mm 95%
TMD loader or over three times the amount of 96/4 ROX/wax. Both pressed
and cast pentolite 50/50 at 97% TMD are more shock sensitive than pressed
91/9 RDX/wax at 83-96% THD. 2 But cast pentolite requires a gas loader of
40 mm of 95% THD before its predetonation column length is reduced to that
of 88% TND 91/9 RDX/wax produced under a 19 mm loader. Since cast pentolite
is more shock sensitive than 88% TND 91/9 RDX/wax, there must be another
factor that makes it less sensitive to DDT. An obvious factor differentiating
cast and pressed HE is the available reactive surface area. Hence with all
other factors the same, pressed charges would be expected to exhibit DOT
more easily than cast because they have more burning surface and thus produce
more gas products and greater pressure buildup in less time.

These results do not guarantee that a shell filled with any cast HE
will be less sensitive than a press filled charge. The sensitivity to DDT
will be determined by both chemical and physical factors. In the latter,
the more important are permeability (near zero in the original casting)
and the surface available for burning; that can be minimized in a casting
only by avoiding cracks and annular spacings resulting from large volume
changes during cooling or setting of the charge.

i
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CAST PLASTIC BONDED EXPLOSIVES

Self-Loaded

Only two cast plastic bonded explosives were tested under self-loading,

and this was done in the large tubes (25.4 mm ID and 410 mm HE column). Two

charges of PBXW 1081 and one of AFX 108 failed to transit under these conditions.

Moreover both IP and SG records were very poor or missing. The end results

of these shots will be qualitatively described, but the fragmentary data

will not be tabulated. Table 7 describes these shots and Figure 9 shows the

tubes recovered after them.

Both PBXW 1081 and AFX 108 had to be vacuum loaded into the confining

tube. Because the loading apparatus could not handle the large steel tubes,

we used a thin walled (0.71 mm) steel tube. This tube was subsequently

potted in the larger tube with polyurethane; thus any annular space for

"flashdown" of hot combustion gases from the ignition area was avoided.

Dimensions of the completed composite were 24.1 mm I.D., 76.2 mm O.D.,

ratio of 0.316. X-rays were obtained prior to the pottinq and had far better

definition than those taken in the thick walled tube.

Gas Loaded

Table A-S contains the detailed data for gas loaded PBXN 103 (Fig. 10)

and PBXN 106 (Fig.A-24). Both failed to show a transition as did a repeat

shot on PBXN 106 (Shot 1707) the data of which have not been displayed;

they seemed very erratic, possibly, because of an odd breakup of the

confining tube. In Shot 1704 (Fig.A-24), the tube split longitudinally and

the IP data gave a reasonable trend, but in Shot 1707 the tube burst was

very asymmetric; the IP data, erratic.

The gas loaded (t = 60 mm) PBXN 103 produced IP and SG records very

like those of gas loaded Comp B (.g 50 mm, Fig. A-18 and tg 60 mm,

Fig. A-19) in that IP data and SG excursions mapped out about the same front,

' I l .
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and minima appeared at the second strain gage station and increased in dvcn

with increasing x. The growing reaction indicated by these minima appeared
about 200ps later than that for Comp B, and the IP front velocity was 2.1 mm/ps

rather than the 2.4 - 2.8 mm/ s of Comp B. The PBXN 103 records are also

similar to those of TNT, which also failed to transit under gas loading

(Figs. A-20 andA-21). The SG minima for TNT appeared later than those for

Comp B but earlier than those for PBXN 103. However, once they appeared,

the depths of the minima from PBXN 103 increased much more rapidly than

those from TNT. This suggests that the reaction is harder to start in PBXN 103,

but, once started, it seems to grow as rapidly as that in Comp B and more

rapidly than that in TNT. From the present results we suggest that the

loading most resistant to DDT is a cast material of negligible volume change

on solidification and sufficiently rubbery to avoid cracking under rough

handling; its explosive components should, of course, be relatively

insensitive.

GENERAL CONTROL PROBLEMS

The transitional portions of the DDT process are neither equilibrium

nor steady-state behaviors; they are therefore difficult to reproduce.

Moreover, the physical factors (e.g. initial particle size, permeability,

etc.) have a very large effect on the results. Consequently, we X-ray

each charge before instrumenting it. To be sure, this is not an extremely

sensitive test, but we can be sure that if it detects cracks, density

gradients or other heterogeneities, the charge should not be fired.

From the past experience with pressed charges, we estimate the scatter

of the data in any given investigation of trends to be of the order of
magnitude of ±10%. This is also the size suggested by the apparent

reversals in sensitivity of 88% TMD tetryl vs 88% TMD 91/9 RDX/wax, according

to whether V' or AtE is used for rating. (See Table 2). The difference

between these two HEs at 88% TMD is considered experimentally insignificant.

Similarly, at 70% TMD the difference between TNT and ground tetryl seems

insignificant. (See Table 1).

32
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We have not yet run enough tests on cast HE to estimate the scatter,

but the large role played by the physical form of the charge is still

very evident. Thus in an attempt to increase the range to include less

sensitive materials, we tried increasing the charge diameter (ID/OD of the

confining tube was kept constant). But this increased the solidification time

of the charge which, of course, affected its crystal size. The results

from the series of cast pentolite charges certainly indicate a scatter

larger than that for pressed charges if the confining tube is 25 mm dia.

(See Table 4).

It should be emphasized again that the present results reflect the

present experiment. It is carried out under very high confinement and

charge support. Many uses of both explosives and propellants are under

little or no confinement and with little physical support. In fact, some

damaging effects result from a charge breakup which is largely avoided in

the present experiment. Hence the present results offer guidance to

sensitivity to DDT, but their rating is not necessarily that which will be

found in applications.

Finally, any test development of this method should explore the effect
of varying test conditions: length, diameter, finish, and yield strength

and confinement (ID/OD) of tube. In addition, an investigation should be

made of variations in charge preparation: (1) pressing by increments into

the tube vs isostatic pressing, machining and potting of the charge and

(2) change in rate of cooling of cast charges with tube diameter.

SUMMARY AND CONCLUSIONS

Five explosives, pressed to 70% TMD, with a 20 mm loader (also at 70%

TMD) showed a linear correlation between their predetonatlon column length

(') and AtE (time to detonation relative to time of passage of the compression

wave at x - 29 mm). Under these conditions, the rating in order of decreasing

sensitivity to DDT was RDX, (ground tetryl and TNT), and Explosive D.
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Five explosives pressed to 88% TMD with a 19 nun loader (also at 88% TMD)

also showed a linear (but different) correlation between ' and AtE. The

order in this case was: (coarse tetryl and 91/9 RDX/wax), TNT, 95/5 TNT/wax,

and Expl D.

This work produced two quantitative but different sensitivity scales,

one for each of the two degrees of compaction. Except for the enhancement

of pressure and pressure buildup in the early stages caused by the gas loader,

all the pressed HE examined seemed to follow the same mechanism each exhibited

under self-loading. Those which did not show DDT under self-loading, seemed

"" to follow the transitional mechanism first described for 91/9 RDX/wax.6,7

In examining TNT based, cast explosives, 50/50 pentolite and H-6 were

first studied under self-loading. H-6 failed to transit but pentolite seemed

to follow a DDT mechanism similar to that of pressed HE. The events were,

in order, passage of an ignition (or IP) front followed by a SG front which

originated in the ignitor region of the tube and merged with the detonation

front outlined by the downstream IPs. All castings exhibited minima formation

in the strain-time curves and progressive growth of the minima according to

records from the downstream SGs; this was also true of those cast HE which

failed to transit under gas loading, e.g., cast TNT. (It is to be expected

that stress waves in solids, as recorded by the external SGs, will differ

from the internal gas pressures of the very porous charges.)

Gas loading was carried out on cast pentolite, cyclotol 75/25, Comp B and

TNT. The first three could be rated quantitatively with linear z' vs x g

curves. In order of decreasing sensitivity they were pentolite, cyclotol,

and Comp B. TNT failed to transit with a 60 mm loader and therefore was

off-scale. A' S

The gas loading experiment was scaled up from 16 mm ID to 25 mm ID

(at constant ID/OD ratio) for cyclotol and Comp B. The experiment seemed to

scale although earlier work on self-loading of pentolite did not scale.

.34

,.."4 34

4%,

.' -,".", -,,", "4- .",.,-'--. 4 "v.,'."" i'.'-I '.,,".'. ,,,.; ... ,,' '.. .,.,',-",.,:.: -: ,'..,,.,'.'.-,.'



NSWC TR 83-330

However, only a few shots were made and scatter of the data from the larger
tubes was much greater than that obtained from the regular tubes. This
larger scatter may indicate the Importance of cooling rate, during casting,

in affecting charge reactivity.

Comparison of results of pressed charges with cast charges led to much
firmer conclusions. Good castings are far less sensitive to DDT than pressed

charges of the same HE at approximately the same density. This is attributed
chiefly to the greater amount of internal burning surface to be expected

from pressed charges.

PBXW 1081 (2 shots) and AFX 108 failed to transit under self-loading in

the large tubes (25 mm ID and 410 mm HE column). Gas loaded PBXN 106

(2 shots) and PBXN 103 failed to transit with ig = 60 mm although the records

in the latter case were quite similar to those of Comp B.
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APPENDIX A

DETAILED DATA FOR DDT SHOTS

Tables A-1 to A-5 contain all the detailed data for previously unreported

shots on gas loading of pressed charges (Table A-i), self-loading of cast charges

(Tables A-2 and A-3), and gas loading of cast charges (Tables A-4 and A-5). Figs.

A-1 through A-24 display data for those shots not illustrated in the main text.

In Figure A-2, the gas loading of tetryl, the SG records are consistent with

the mechanism described for tetryl.A-l Only mild pressure rises appear on the
first three SG records. On the 88.4 and 107.8 mm gages, however, the mild rise is
followed by a very sharp, exponential-like rise as the onset of detonation (' =

110 mm) is approached. The plateaus are like those observed in the gas loading of
porous charges and are associated with compaction. The rearward traveling wave
could be shock, retonation, or a disturbance traveling through the confining tube.

In Figure A-4, Jt]** indicates a predetonation run length to a metastable
detonation (D = 4.9 nm/ps) as compared to the steady state value of 7.0 mm/us
shown in Figure A-5.

Figure A-i0 shows two apparent fronts for the pressure excursions. This

results from the difficulty in selecting the location when SG records show well
developed minima, as is the case here with 94% TMD Expi D under a 60 mm column

of gas loader. (Minima began to develop in gas loaded 88% TMD Expl D e.g.,

Figure A-8. Subsequent records show that such minima are characteristic of
cast HE. It may be that stress propagation from gas loading is similar in low

porosity pressed charges to that in cast HE.) From the seven possible
locations of pressure excursinns selected from Figure A-lOb, four
A'7Bernecker, R. R., Price, D., Erkman, J. 0., and Clairmont, Jr., A. R.,

,"Deflagration to Detonation Transition Behavior of Tetryl," 6th Symposium
(International) on Detonation, ONR ACR-221 (Washington, D. C.: U. S. Uov.
Print. Office, 1978) pp. 426-435.
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could be chosen to draw a front nearly parallel to the IP front, similar to

that found in Figure 9a (95% TMD Expl D under 38 mm gas loader).

Figure A-11 and subsequent ones are for cast HE. Fiqures A-11 to A-14 and
Figure 4 of the text show data for self-loaded cast pentolite. All show

minima in the SG records and pressure excursions originating in the ignitor
region after the IP front has passed. The compression front outlined by them

seems to follow the buildup process 30 - 100 us prior to the onset of detonation;
thereafter, the detonation front.

As mentioned in the text, there was a discrepancy in determining 1 for

Shot 1413 (FigureA-13 and Shot 1414 (Figure 4), i.e. tube marking data
and IP data appeared to differ. The "more probable" value in these cases
was selected on the basis of the SG curve patterns. Thus Figure A-13b showed
very late development of minima in the SG curves; there was only one prominent
minimum and that in the last curve from the SG at x = 181 m. Moreover the
time at that minimum was 125 us as compared to 127 us at 181 mm in Figure
the x-t diagram. This point should fall on the detonation portion of the IP
curve as shown in Fig. A-13and is therefore the preferred value in the range
156-181 mm for the adjacent IPs. Again, from the SG records, Fig. 4b shows

a very prompt appearance and progressive strengthening of the minima. The

last gage, at 137 mn, has its minimum at 85 us and falls on the slightly

extrapolated IP curve in the over-boosted detonation region. Hence in the
IP range of 118-143 mn, the preferred value is 137 mm. Why the tube markings

show different values in these two cases has not been determined.

Figure A-14 shows an unusually long time between triggering of the scopes

and evidence of reaction - probably another example of the difficulty of
exactly reproducing cast charges.

Self-loaded H-6 (Figure A-1 has SG records showing a strong, late

disturbance (ca. 640 us) traveling at 6.6 mu/us from the first to the second

gage, but it has disappeared by the third SG at 232 mm and no transition

occurred.
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Records for gas loaded cyclotol (Figures A-16b and A-17b) showed early

development of minima in the SG records and also a transition. In Figure A-17b

there is an inversion in the 80 and 131 mm records which can be caused by a base-

line shift or a SG malfunction. The two possible pressure fronts of Figure A-17a

might be a result of this shift since both Figure 5a and Figure A-16a show only one.IH
Figure A;-18is for a 50 mm column of loader on a 410 mm column of Comp B.

Figure A-18b shows inversions in the SG records at early times but pressure

excursions falling on the IP curve at later times. DDT did occur in this

case but only after a run at 2.8 mm/ps on the last 4 IPs before the last.

FigureA-19 for the 60 mm loader, however, has SG records of a more usual

type.

Figures A-20 and A-21 for gas loaded cast TNT again show development of

minima in SG records although transition does not occur. These shots are

duplicates except for tube length. Both show a pressure front nearly

parallel and preceding the IP front, and the same final IP front velocity of

about 2.3-2.4 nm/ps. Events in the longer tube are about 20ps later and 10 mm

further down tube than analogous ones of Figure A-20a.

Figure A-23is of data for cast Comp B with a 50 mm loader. As in some

other castings, the SG excursions start near the ignitor in the gas loader

and the pressure front continues uninterrupted into the Comp B. However

the buildup in IP front velocity is small and slow; despite the 410 mm

length of charge, the reaction fails to transit.

By contrast Figure A-24 for PBXN 106 shows a lack of continuity in the

front produced by the pressure excursions in the gas loaded PBX. However,

the SG front in the explosive seemed to parallel or coincide with the IP

front; the latter reached the same velocity (2.3 mm/ps) it attained in the

Comp B at a somewhat earlier time. It too failed to transit. (In this

shot the SG excursions were read directly from the original Polaroid records

which were not completely read and plotted.)
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TABLE A-3. SELF-LOADING OF CAST H-6

Shot No. 1209

HIE H-6 c

Po -1.75**

%TND-9

Loader None

%TMD

IP Data x t

35.3 0.0
19.6 203.1
105.2 195.8
130.6 221.5
156.0 242.8
181.2 260.9
206.6 283.1
225.7 310.2
244.7 -

263.8-

SG Data x t

20.4 138.7,649.8
73.3 - 657.8
124.0 138.1
174.8 223.2
231.9 223.2

I (Di) F (no dent)

**PV a 1.80 9/Cm3
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TABLE A-5. DETAILED DATA FOR GAS LOADING OF PBX EXPLOSIVES

L.

Shot No. 1316 1704

HE PBXN103 PBXN106
POW= -1.89 -1.65
%TMD, tube length (in.) -97,18 , 13.5

Loader 94/6 RDX/wax 94/6 RDX/wax
g(m) 60 60
p0 (g/cm ) 1.60 1.60
%TMD 95 95

IP Data x t x t
51.8 0.0 51.6 0*
79.8 276.1 79.5 38.5*
130.7 329.8 104.9 91.2*
181.5 350.9 130.3 107.9*
219.5 368.0 149.4 119.1
251.3 386.0 168.4 148.7
276.7 397.6 187.5 156.4
302.3 409.5 206.5 164.2
327.5 422.2 225.6 173.5
352.9 435.2 244.6 181.8
378.5 444.0 263.7 189.6

SGData x t x t
20.6 251 2F6 112.5
79.6 269 79.5 122.2
143.3 329 111.3 105.7
206.5 360 143.0 115.2
207.0 373 181.1 143.8

F F
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