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ABSTRACT

Polycarbonate tubes/HNAB were drawn to 85 grain/foot (gr/ft) and test fired.a
Aluminum tubes/PETN were drawn to 0.8 gr/ft and test fired. Aluminum tubes/
HNAB were drawn to 2 gr/ft and test fired to qualify HNAB Lot 1281-~11-01 made
at Pantex.

INTRODUCTION

Mild detonating fuse (MDF) is capable of consistent detonation velocity and
thus provides an accurate timing device when precisely fabricated. Explosives
that have been synthesized and designated for use in MDF should be qualified
in the end use configuration. An advantage is that the MDF drawing technigue
provides a means to produce a long consistent density column, which allows an
appreciable length for elapsed time measurement, and the build~-up zone can be
excluded from the measurement interval. Small quantities of HE are sufficient
(< 2.0 grams).

The laboratory procedure is to load a plugged tube with HE powder at bulk den-
sity seal with another plug, point one plugged end with a swager, and then draw
the filled tube to a specific outside diameter. The complete tube is then cut
into specific lengths for ease of handling and possible compaction in an iso-
static press to increase density. Powders that do not flow well have been
pelletized and the pellets inserted into the hollow tube—the pellets at ~ 30%
greater than bulk density. Radiographs are made where necessary to insure

HE integrity. Density measurements are taken to correlate HE column diameter
and detonation velocity. Test fire of an ll-inch long piece of MDF yields a
detonation velocity between two switches placed precisely at 10 inches.

DISCUSSION
POLYCARBONATE /HNAB
Polycarbonate tubes(Lexan)c were loaded with hexanitrcazobenzene (HNAB). The
3/8-inch OD x l/4-inch ID polycarbonate tubes were selected first because of

prior experience with the same size in aluminum and lead tubes. Initially the
tubes were loaded with mock HE of several types and plugs of polycarbonate.
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These plugs were discarded because of the inability to swage or draw without
cracking. Kimwipes® or polyurethane soft foam were substituted for the mock
HE because of their ability to flow. A trial swage/draw sequence was made
using each of five mock HE powders—sodium chloride, barium nitrate, 90010
mix, pentaerythritol, and diphenylsilanediocl. While there were small differ-—
ences in the way the mock powder flowed, it was decided that the 90010 mix

was adequate to use for this project. Parallel to this, fluorocarbon (Teflon
TFE)@ tubes did not swage or draw well because of softening temperature, elong-
ation, rebound, and memory properties. The fluorocarbon tube bent and twisted
severely in the swaging machine. When reducing a fluorocarbon 0.354-inch OD
tube through a 0.322-inch draw die, the tube would recover to 0.35l-inch OD.
Respectively, the polycarbonate tube would reduce to 0.336-inch OD and a pure
aluminum tube reduced to 0.324-inch OD.

The HE loaded polycarbonate tubes with foam rubber plugs can be drawn to 0.244-
inch OD x 0.135-inch ID. The unfilled tube (prior to loading) annealed in air
at 250 F (40 minutes) or in silicone oil at 250 F (60 minutes) had lower internal
stresses. As an example of the results, one tube of polycarbonate was powder
loaded with HNAB at a density p = 1.0 g/cc, plugged with urethane foam, swaged

and drawn. The column of HNAB (PX Lot 1281-11-01) was 0.135-inch OD at a den-
sity of 1.487 g/cc (equivalent to 85 gr/ft). Holes were drilled through the

tube and coaxial pin switches seated in contact with the HE. The test fire
indicated, from the elapsed time between switches, a detonation velocity of

7.193 millimeters per microsecond (mm/usec) at 30 F through a 10-inch interval.

Distance between Switches Calculated Velocity
{(inches) (mm/usec)

7.206
7.186
7.181
7.186
7.193

OO0 NS

Further work will include annealing the polycarbonate, and using smaller dia-
meter tubes if practical. Other plastics will be investigated for possible

use.

ALUMINUM/PETN

Aluminum tubes were loaded with pentaerythritol tetranitrate (PETN) Lot No.
1195-304-03. The 0.375-inch OD x 0.235~-inch ID loaded tube was then drawn to
0.04l-inch OD (HE column ~ 0.020 - inch). It should be noted that the 0.04l-inch
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Table I.
Uncompacted
piece 1 7.237
Piece '3  7.144
Piece 5 7.111
pPiece 7 7.080
piece 9 7.194

piece 11  7.275
 piece 13 -7.209
piece 15 7.242

X = 7.186

Al/PETN Velocity Data
(mm/usec} 0.8 grains/foot

(Tube #126)

Comgacted
‘Piece 2 . 8.041
piece 4 7.876
Piece 6 8.180
Piece 10 8.029

X = 8.032
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OD draw will cause a 2.0 gr/ft loading using HNAB but using PETN the ave:
grain loading was 0.8 gr/ft. The PETN has a lower bulk density than am
thus, when drawn to the same outside diameter the loading is less.
pressibility is evident by noting the PETN loaded tube was 0.020-inch i
the HNAB loaded tubes were 0.022-inch ID.

Sixteen pieces were test fired; records were lost in four because of
problems. Table I contains velocity data for runs through 10-inch i:
at 65 F. Four.of the tubes were compacted at 60 kpsi isostatically..
eight were not compacted. . p

ALUMINUM/HNAB

Aluminum tubes were loaded with HNAB (PX Lot 1281-11-01) in an effort o rualidy
the lot by detonation velocity measurements. The test fire technig: £
ed to produce data such that 1000/X < 0.16 for an acceptable lot of #*
accuracy has not been obtained as yet. Table II illustrates the progre
date. The lowest value for 1000/X was 0.15 for a lot of four (after disc.rs
an obviously low value) and in another lot of three (after discarding =n i
ly low value) was 0.05.

CONCLUSIONS

The MDF form may be used for evaluating HE detonation velocity in lorng woiovow
(10 inches), small diameters (0.020 inch), with moderate density wa
(c v 0.030 gr/ft for 0.022-inch columns). Confinement material demnui .
varied from 1.2 g/cc (polycarbonate) to 2.7 g/cc (aluminum). Lead is
metal that can be used (11.4 g/cc). Velocity data are repeatable. &2
future investigation include: 1isostatic pressing techniques, alumiriun
specifications, elapsed time switches and other tubing materials/d
meters.




