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Abstract. Data is presented for the size (diameter) effect for ambient and cold confined 
LX-17, unconfined ambient LX-17, and confined ambient ultrafine TATB. Ambient, 
cold and hot double cylinder corner-turning data for LX-17, PBX 9502 and ufTATB is 
presented. Transverse air gap crossing in ambient LX-17 is studied with time delays 
given for detonations that cross.
_____________________________________________________________________

Experimental Methods

We have worked several years on multiple 
LX-17 (92.5% TATB, 7.5% Kel-F 800) 
measurements as input to advanced kinetic 
models that can handle detonation, corner-
turning with dead zone formation and detonation 
failure [1-3]. We here add to this data. 

Perhaps the most basic is the size (diameter) 
effect, where the detonation velocity is plotted as 
a function of the inverse explosive radius of a 
cylinder [4]. The cylinder may be confined, 
which means copper here, or unconfined, which 
means mostly Lucite but sometimes bare on a 
rack. The explosive is ram-pressed, usually into 
25.4 mm-long pellets, which are placed end-to-
end in a vertical tube. The ambient gap is 
between the pellet edge and the inside wall is 
about 0.025 mm. When cooled to -55oC, which 
is “cold” in this paper, a TATB explosive 
linearly contracts by 0.38% but the copper 
moves only 0.12%. The difference of 0.24% 
amounts to 0.03 mm for a 12.7-mm radius 
cylinder. This volume is filled with bubble-
eating grease. The chilling is obtained by passing 
liquid-nitrogen-cooled gas through a plastic 
chamber containing the cylinder. 

The densities in this paper are LX-17 1.90 
g/cm3, PBX 9502 1.89 g/cm3 and ultrafine 
TATB (ufTATB) 1.80 g/cm3, all to +0.01 g/cm3. 
The ufTATB is measured is measured like a 
main charge because it is the booster for the 
others, but we are using main charge code 

models on it for the first time. In driving LX-17 
and PBX 9502, a 25.4 mm-long booster of 1.71 
g/cm3 Comp B is used.

The measurements are made with shorting 
pins with the intention of finding the steady state 
detonation velocity. The length of the tube is set 
to over 11 radii long or more. The usual 
procedure is to place two rings with 6 pins each 
near the end farther from the detonator. The 
position and pulse arrival time for each pin is 
plotted and the outlier data is not used. The 
resulting standard deviation of the pin velocities 
is the precision.

Some of the data is taken with embedded 
fiber optic (EFO) [5]. This requires drilling a 
1.60 mm diameter hole on-axis through the 
explosive.  A probe of aqueous cesium chloride 
in a polytetrafluroethylene pipe runs down the 
length of the hole. Fabry-Perot interferometry [6-
8] looks down the probe cable and is reflected 
back from the shock front formed as the 
explosive crushes inward into the fiber. Figure 1 
shows the shot #225 EFO detonation velocity of 
a 12.7 mm-radius 1.91 g/cm3 LX-17 cylinder in 
Lucite being driven by a 1.83 g/cm3 PBX 9501 
booster [9]. The distance along the axis is plotted 
in units of the radius, L/Ro. It appears that the 
velocity levels off after 6 radii at 7.535 mm/µs, 
which is close to the value obtained in the size 
effect shots, so it appears that we are indeed at 
steady state. 



Fig. 1. Fiber-measured detonation velocity of 
LX-17 being boosted by PBX 9501. 

We are also interested in the time delay for 
the detonation front caused by the gaps. The no-
gap ratestick does not go all the way to steady 
state, but we can estimate a fit of

  

�

U s 7.420.12 exp(0.025L) , (1)

where Us is the detonation velocity and L is the 
distance from the end of the booster pellet, 
obtained by integration of the time data. We then 
have the relation

  

�

t  5.437e 4  0.1345L 1.265e 5 L2,(2)

which can be extrapolated to the estimated 
steady state value. We now subtract the fiducial 

time measured with the gap and convert to time 
units with the gap edge reset as zero.

The double cylinder is used for corner-
turning, and the schematic is shown in Figure 2. 
An RP-1 detonator detonates a 63.5 mm-long, 
6.35 mm-radius small cylinder of 1.77-1.78 
g/cm3 LX-14, which is actually made of five 
pellets. The main charge is 25.4 mm radius and 
25.4 or 50.8 mm long, made of two ram-pressed 
pieces. A washer is placed at the intersection of 
the two cylinders. It is usually steel of 6.35 mm 
thickness but some 3.18 and 63.5 mm plastic 
washers were also used. The breakout times are 
measured by a line of shorting pins along the 
outer surface of the large cylinder, and they are 
referenced to the intersection of the large 
cylinder and the washer. Time zero is the point 
between the LX-14 and the large cylinder. One 
or two pins are placed on the LX-14 and this 
allows an interpolation as to zero time. Many 
times, there is also a pin at the far end of the 
large cylinder. If the dead zone is large, as with 
LX-17, this can disrupt the measurement down 
the axis to the far pin. 

Fig. 2. Schematic of the double cylinder. The 
bottom line is an axis of revolution.

The transverse gap measurements all use
ambient LX-17 as an acceptor with an air gap 
between that and some donor explosive, which is 
usually LX-17 of some number of pellets. Most 
of the explosives lie bare on a rack but the 25.4 
mm–radius shots are confined in copper with
3.1-3.8 mm wall thicknesses. An RP-1 is used to 
detonate the donor, but the donor length is 
usually short enough that the detonation is not at 
steady state once it reaches the gap. The acceptor 
set uses four to six 25.4 mm-long LX-17 pellets,
so that the 100-150 mm run probably shows 
whether the detonation re-ignites or not.  Pins are 
placed all along the array, with two set close to 
the gap on either side. An approximate 
detonation velocity on either side is needed to 

extrapolate to the zero time at the start of the 
gap. 

Experimental Results

The size effect results are listed in Table 1 
for LX-17 confined in copper at ambient and -
55oC. Included also is unconfined LX-17 taken 
mostly in Lucite. Bare samples on a rack mount 
are listed as “P” for pins and “E” for EFO-
measured. Some of the results are shown in 
Figure 3. The data here for confined and 
unconfined LX-17 is about the same whereas the 
ufTATB clearly has a shallower slope. If we use 



the estimation equation for an average detonation 
rate,  (in µs-1)[10]

  
 

D2

U s / (1 / Ro )
, (3)

we get a rate of 37-45 µs-1 for LX-17 and 100-
110 µs-1 for ufTATB.  We believe that the 
minimum zoning in modeling in zone/cm is 
about the same as the rate, so that the booster 
here requires more than twice the zoning of the 
LX-17. 

Fig. 3. Size effect curves for ambient confined 
(circles) and unconfined (squares) LX-17 and 
ufTATB (gray diamonds).

The points listed in Table 1 as “failure” 
showed no pin signals. However, a few returned 
low velocities such as the 6.89 mm/µs value seen 
with ambient confined LX-17. This is a real but 
probably failing signal, and it is reminiscent of 
the low values seen in PBX 9404 and PBX 9501 
at small sizes [11]. This suggests that failure is 
not a sharp phenomenon but shows variability 
over a size range. 

The corner-turning results are listed in Table 
2. Some of the average steel-backed data is 
shown in Figure 4. The Huygens line from the 
top of the LX-14 directly to the edge of the 
larger cylinder is given by the ambient ufTATB 
and the latter part of the ambient LX-17 curve. 

All displacements above this line indicate a 
delay. That this delay is caused by a dead zone 
with no probable chemical reaction has been 
seen by X-rays and proton radiography [1, 12-
17].  Heat clearly reduces the dead zone and cold 
makes it larger.

Some of the last entries with shorter times 
are the end-of-the-pellet, on-axis times.

Fig. 4. Average breakout times for steel-backed 
double cylinders.

The transverse air gap data taken since 
reference 3 is listed in Table 3. The times are 
zeroed at the start of the gap. The standard of “no 
gap” is the EFO shot shown in Figure 1. Using 
this, we can calculate the time delays seen at 
each pin on the acceptor side. If the delays jump 
to high values with pin signals then failing, then 
the acceptor did not re-detonate. For donor 
pellets of LX-17 of a given length L (in mm), we 
distill the data to this 50% probability of 
detonation gap width ∆x (in mm)

                     x(50%)  L(donor ) 0.27
. (4)

This covers three donor lengths at 25.4, 50.8 and 
152.4 mm, with the last being steady state. 

The measured time delays are shown in 
Figure 5. All pin-measured samples were fired 
with 1.71 g/cm3 Comp B boosters. One was an 
EFO point done with the PBX 9501 booster [9]. 
Two EFO shots were done for this report using 
Comp B boosters. The difference in boosters 



made no difference, even though the points were 
transient. Previously, we thought these results 
might be a function of the detonation front 
curvature, but the current data shows a division 
between transient and steady state data, with the 
latter showing longer delays. The upper steady 
state and the lower transient curves may be fit by 

  

t( steady state )  0.76(x )0.62

Źt( transient )  0.32(x )0.69
(5)

with the time delay ∆t in  µs and the gap ∆x in  

mm.

Fig. 5 Time delays in LX-17 caused by 
transverse air gaps. 

It must be admitted that these time delays 
are approximate and are a function of time 
themselves. Figure 6 shows five measured 
curves by three techniques. There appears to be 
little difference between the outside edge results 
from the pins and the on-axis EFO except for an 
initial spike with the pins. All curves tend 
upwards and it appears that the 152 mm of 
acceptor used in the steady state runs was not 
long enough. 

SUMMARY

The quest is on to find a model that 
describes all these features simultaneously. In 
calibrating our Tarantula model for ambient LX-
17[3], we first set the detonation velocity of the 5 

mm-radius cylinder at 7.39-7.41 mm/µs. Then, 
we run the 12.7 mm-radius cylinder for a 
detonation velocity of 7.54-7.56 mm/µs. If a 
JWL is used, the Cylinder wall velocities will 
automatically agree, it we run CHEETAH, a 
thermochemical model [18], then we need to 
adjust for the measured velocities as well.  Next, 
we run the double cylinder, where the rate 
constant of the LX-14 becomes a knob. This is 
because we can get the necessary zoning for the 
LX-17 but not the ideal booster, so that any 
description of it

Fig. 6. Time dependence of the time delays. 

will be wrong. Finally, we run the 3 mm-radius 
cylinder for failure. The separation of the 5 mm 
cylinder as the smallest detonating size and 3 
mm is set so as to be fairly sure of the result in 
both cases. The gap crossing data does not 
constitute a primary model test at this time. 
Tarantula does the go-no go part fairly well but 
only gets about half of the time delay. 

Getting all this to work in Tarantula is 
difficult, and the results vary with zoning and 
artificial viscosity. In many cases, setting the 3 
mm failure properly creates dead zones that are 
too big and fixing the dead zones makes the 3 
mm size detonate. If we run unconfined LX-17 at 
7 mm-radius (7.39-7.41 mm/µs) and 4.5 mm for 
failure, we find the entire package is easier to 
get. The EFO failure results reported at this 
conference by T. Lorenz [19] are measured bare



and so are easier to model, although the 5.08 
mm-radius sample may or may not fail. The 
conclusion is that one Tarantula setting does not 
do dead zones and confined failure. Another 
aspect comes with the Jackrabbit series done by 
M. Hart [20]. His metal plates have explosive 

behind them and the only way to model the back 
edge movement is to add a desensitization 
package. Little data exists on desensitization, so
the model becomes more ambiguous. 

Table 1. Summary of LX-17 and ufTATB steady state size effect data.



Table 2. Double cylinder data, showing the breakout times along the circular edge parallel to the 
detonation. 



Table 3. Transverse air gap crossing data into LX-17 as measured by pins. 
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