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20. Abstract

"inerted” by immersion in a water plus 0.01% Avirol-113 wetting agent. The
Bi-pyrotechnic mixture was [gnited in most tests, altheugh one or more of the

0.1 meter long M7 canisters remained intact in half of the tests. {Four M7s5 are -
in each M138.)

The shock wave travelling down the length of the munition was monitered in
reai time by a resistance probe technique. There was no significant difference
in the observed shock velocity decay between ambient live, ambient inerted,
preheated live, and a special test on a mockup contalning no reactive
ingredients. These results, together with the recovery of intact portions of the
Mmunitions in many tests, are conclusive evidence for non-detonability of the
munitions.




SUMMARY

The UL5. Army Toxic and Hazardous Materials Agency is preparing to
demilitarize the U.5. Inventory of agent BZ-filled munitions. As employed in the
munitions, BZ is blended with an energetic pyrotechnic mixture. In normal
functioning, this mixture is ignited along central core holes in the munitions and reacts
aver a few tens of seconds to produce an aerosol cloud of BZ. However, upper limit
theoretical calculations suggested that this mixture could potentially be detonable. To
facilitate selection from among the five candidate demilitarization concepts it was
desirable that the detonability of the munitions be established. To this end, a series of
experirmnental tests was conducted. These tests gave conclusive evidence of non-
detonability.

The potentially most detonable item in the BZ inventory was selected for
detonabllity tests. This is the bomblet with the largest continuous diameter, 72 mm of
BZ-pyrotechnic mix, the M138, This bomblet also has the thickest steel walils, ~ 3 mm,
for radial confinement. An individual M138 bomblet is one of 57 packed In each M43
ciuster munition. As such, adjacent M133s in the close-packed array could provide an
additional 3-mm steel radial confinement along & line contacts with the MI133,
Therefore, the M 138, fitted inside an additional close-fitting steel tube with Z.3 mm
wall thickness {nearest to 3 mm thickness available), was selected as the configuration
for detonability tests. Proof of non-detonability of this item would constitute proof of
non-detonability of the entire BZ-containing munition inventory.

The test configuration included a full munition diameter donor explosive
charge of composition C-% in firm contact with one end of the munition. The primary
indication of detanability was from dynamic instrumentation, epoxy potted nto the
entire length of the core hole, which showed the steady decay of the input shock
velocity to sonic values as the shock progressed down the munition. Examination of
the munition remains provided a secondary indication.

The tests were conducted in a sealed blast containment chamber inside an

igloo at Pine Bluff Arsenal. A pilot plant incinerator, previously qualified for

destruction of BZ, was used to dispose of the BZ released during the tests.




of 17 tests attempted, 1% tests provided detonability data. In two tests
the munitions self-ignited during heating to the original target preheat temperature of
135 .  This self-ignition resufted in lowering the preheat temperature to 280 C on
remnaining tests. Data Irom the third test were lost due to an equipment malfunction.
To provide the broadest possible sampling base, the tested munitions were drawn from
all of the eight manufacturing lots from which M133s had been downloaded from the
original M43 cluster configuration. These lots were judged to be reasonably represen-
tative of the total inventory on the basis of available lot characterization data. Seven
tests were conducted at ambient temperature and seven were conducted after
prefeating the munitions to 830 C. Four of the ambient temperature tests were
conducted on munitions "iperted" by immersion in a water-plus 0.01% Avirol-113
wetting agent. The Bi-pyrotechnic mixture was ignited by the shock wave in most
tests, although one or more of the Q.I-m M7 canisters remained intact in half of the
tests.

There was no significant difference in the cbserved shock decay between
inerted, ambient live, and preheated live munitions. The average shock wave travel,
above the apparent sonic velocity of 2.0 mm/microsec, was 1151 #85 mm through
the muniticons for all tests. A shock travel of 130 mm above 2.0 mmi{microsec was
observed in a similiar detenability test on a mockup which contained no reactive
ingredients. These results, together with the recovery of intact portions of the

munitions in many tests, are conclusive evidence for non-detonability of the munitions.
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1. INTRODUCTION

The U.5 Army Toxic and Hazardous Materials Agency is preparing for
demilitarization of the current .5, inventory of munitions containing the ip-
capacitating agent BZ. The agent BZ is blended with a pyrotechnic mixture in the
munition inventory. These rnunitions normally function in 2 manner similar to the
familiar smoke grenades, producing a fine aerosol smoke of BZ agent. However, it was
not known whether the BZ-pyromix contalning 50% BZ, 23% KCI0,, 9% S, and 18%

NaHCCI3 could detonate.

3!

Five major system concepts have been proposed for demilitarizing the BZ

(1)

item/munition inventory selection from among these concepts and details of the

plant design can more confidently be determined if the detonable characteristics of
the BZ munitions are established, Proven non-detonability of the BZ munitions is
expected to lead to major savings in full-scale plant equipment and operating costs.
This report documents a series of tests conducted to determine the detonability of the

BZ munition inventory.




The body of the report is organized into four major sections foliowing this
intreduction. 5ection 2 describes the technical approach, the background for selection
of the detonability test configuration, the basis for selection of test conditions, and
the basis for interpretation of the results obtained. Section 3 describes the specialized
experimental apparatus used for these tests. Section & presents the experimental
procedures usad and the results obtained. 5ection 5 lists conclusions and recommen-

daticns.

2. TECHNICAL APPRCACH

2.1 Background

The process of detonation can be conceptualized as a supersonic com-
pressive shock wave driven through a reactive material by the energy released in the
Chapman-Jouguet (C-J) reaction zone immediately behind the shock wave. The
adiabatic heating assoclated with the shock compression of the material triggers the
chemical reaction{s) responsibie for the energy release, Immediately behind the shock
wave, the particle or mass velecity is in the same direction as the shock wave
velocity. The mass velocity, pressure, and internal energy decay behind the shock
wave front. The energy released behind the shock wave front can contribute to driving
the shock front only in the zone in which the energy transfer speed (the sum of the
local sonic velocity plus the mass velocity} is equal to or greater than the shock
velocity. As the mass velocity, pressure, and temperature decay behind the shock
front, a limiting boundary (s reached where the energy transier speed drops below the
shock velocity. The shock wave and this boundary define the C-J reaction zone.
Chemical reaction may continue behind this boundary and can cantribute to the total
energy released during explesion but cannot influence the detonation (or shock wave)
velocity. In a uniform charge of constant cross sectional area and confinement along
its length, a steady detomation velocity is normally achieved jnp which the energy
released in the reaction zone is equal to the energy required to drive the shock wave
ithe energy required to shock compress the unreacted materiall.

However, at the lateral surfaces of the charge, the energy released in the
reaction zone may also be expended in the production of lateral mass wvelocity

components and resuftant lateral expansion of the charge. This energy is lost for the




purpose of driving the detonation front, but must be included in the energy balance
which determines the detonation velocity. Because the ratic of lateral surface area to
reaction zone volume increases as the charge diameter decreases, the fraction of
energy lost laterally increases with decreasing charge diameter. This effect leads to a
decreasing detonation velocity with charge diameter because the energy required to
drive the shock front decreases with shock velocity. With decreasing shock velocity,
the shock pressure and induced temperature rise also decrease. These decreases lead,
in turn, to a generally exponential rate of decrease in chemical reaction rate. The
detonation velocity does not decrease below a certain level which depends on the
detailed characterics of the reactive material. Instead, a minimum diameter (the
critical diameter) is reached below which a sustained detonation is not possible.

RBecause the critical diameter arises due to lateral energy losses from the
reaction zone, the critical diameter of a given reactive material also depends on the
lateral confinement of the charge. Thus the critical diameter for a charge inside a
confinement tube is less, perhaps much less, than for an unconfined charge.

In sufficlently large charge diameters, many energetic materials such as
gun and rocket propellants can be detonated. These materials are not commeoenly
referred to as detonable materials because their critical diameters for a sustained
detonation are simply larger than are normally prepared and/or no sufficiently large

initiating shocks {in magnitude and cross-sectional area) are available to start the
detonation process.

2.2 Selection of Test Configuration

The determination of the detonability of the material of interest here, j.e,
BZ-pyromix, from a practical viewpoint need not be an absolute determination, but
rather a determination of detonability under the combined conditions of maximum
existing charge diameter and lateral confinement. For this purpose, three munition
configurations were of primary interest, the M6, the M138 and the M#3. (For
descriptions of the munitions used in these experiments and others referred to in this
report, see Appendix A.) In the M6, the 42 individual canisters (Mé&s) are not arranged
In a close-packed array as are the MI138s in the M43, Hence, any proof of non-

detonability of the M43 cluster would automatically include the M 16 as a subset.




The array of 1? MI[38 bomblets through a cross-section of an M43 cluster
might be considered to form an equivalent diameter larger than a single M138 from
the standpoint of critical diameter for detonation. However, a deflagration-to-
detonation transition (DDT) must occur over a diameter at least equal to the critical
diameter to develep a self-sustaining detonatien. Thus, if the critical diameter is
greater than the diameter of a single M138, but smaller than an M43, a DDT must
occur simultanecusly in three or more contigucus M138. A DDT in a single M138,
being below the critical diameter, couid not occur and an induced detonation wave in a
single M138 would be guenched. The likelihood of a DDT occurring simultaneousty
across the junctures of the M138s so that the resultant detonation wave was
contiguous across the junctures of the M138s appears negligibly small under any
cenceivable real circumstances during demilitarization, Hence, we believe that proof
of the critical diameter for detonation of BZ-pyromix being greater than that of a
single M 138, as confined inside an M43, is sufficient to support an assessment of non-
detonability for all of the BZ munitions.

An M 138 inside an M43 is confined around its pertmeter by line contacts
with six adjacent M133s along its length. The combined wall thickness of the M ]33
case and contained M7 canister cases approximates 3 mm of steel. Hence, a test of an
M138 contained inside a steel tube with a 3.2-mm wall thickness would provide an
over-test of the confinement provided by the adjacent M138s in an M43 cluster. Thus
the munition selected for detonability tests was a single M 138 housed inside a close-
fitting steel tube with a 2.3-mm wall thickness {the nearest standard size to 3 mm).

From the standpeint of theoretical predictions of detonability, the max-
imum possible energy release from the reaction of the BZ-pyromix can be calculated
with the aid of thermo-chemical data. This value of energy release can be equated to
the energy required te drive a shock wave through the unreacted material. This latter
value may be calculated as a function of the shock velocity and pressure with aid of
Hugoniot equations of state {pressure, volume, internal energy relations) for the
unreacted materials. By ignoring lateral energy losses, the problem is simplified and
becomes equivalent to mocking up very large or well confined charges, A cal-
culational scheme based on the above premises has been built into a code called
TIGER.

It should be noted that this calculation cannot predict whether detonation

will or can occur because it cannot be predicted at present whether the hypothesized




reactions will occur, or whether they can occur rapidly encugh to take place within the
-] reaction zone. What this cajculation can do is predict a theoretical upper limit
for the detonation velocity and pressure within the uncertainty of knowledge of the
required inputs to the code calculation. The TIGER code was run for the BZ-pyromix
composition by Robert Gentner of ARRADCDM{EI, Dover Site. The theoretically
predicted detonation velocity was 3.3 mm/microsec at a pressure of about 2.5 GPs
(25 kbar).

Thus for detonability testing, a donor charge which provides a shock
velocity (and pressure} input 1o a2 confined M 138 over its entire cross sectional area in
excess of the predicted upper limit sustained detonation velocity {and pressure} is all
that s required. In the absence of a detonation, the input shock would ke expected to
decay along the length of the MI138., The shock pressure would decay from the initial
high input pressure from the donor charge to very low levels, Accompanying the
pressure decay, the shock velocity would decay from high initial values > 3 mm/microsec
down to the sonic velocity in BZ-pyromix. There doss not appear to be any sonic
velocity data available for BZ-pyromix. However, based on comparisons with other
materials it seems urdikely that the sonic velocity will exceed 2.3 mm/microsec, and

may be appreciably lower,

2.3 Basis for Interpretation of Results

Histerically, and commenly, the occurrence of a detonation is signalled by
the perforation of a steel witness plate in close proximity to the chargem. Howeaver,
in the case of BZ-pyromix, the predicted upper limit detonation parameters are
sufficiently low that such perforation might not occur even in the presence of a
detonation. Instead, a dual basis for the test interpretation was develaped. One relies
on instrumentation in the core hole te measure the shock front position with time {and
hence shock velocity by differentiation) &lang the length of the M138. The other relies
on visual observation of the remaining metal parts after the test. In the event of
failure of the real time instrumentation or as confirmation, a post-test examination
which shows major parts of the MI138 remaining intact, or broken into fairly large
pieces, constitutes evidence for non-detanation. A measured sustained shock velocity

in the M138 near 3 mm/microsec coupled with fragmentation of the metal parts would

constitute evidence for detonation. On the other hand, a decaying shock velocity to




2.3 mmfmicrosec which remains below this value together with some metal parts
remaining intact, or only fractured in relatively large pieces, would constitute a non-
detonation. In this context, "relatively large" pieces means fragments approximate to
the length of an M7 canister and wide enough to span about one-half the MI133
circumference,

2.4 Test Conditions and Lot Selection

Processes being evaluated for application to the demilitarization of the BZ
munition inventory involve handling of the munitions in both inventory condition and
after inerting by submersion in an inerting liquid. Destruction is expected to occur by
burning off the BZ-pyromix in a heating chamber or rotary kiln, with subsequent
incineration of the evolved BZ vapor or aerosol. Thus it is desirable to obtain data on
the detonability of munitions at ambient temperatures in (1) the inventory condition,
t2) after short (3-minute) inerting liquid submersion, and {3) after normal {2-hour)
inerting liquid submersion, for a plant design to withstand detonation effects, if shown
to be necessary. 5ince heating of munitions is also contemplated, it is desirable to
obtain detonability data on preheated munitions as an aid in assessing the requirements
for the heating-functioning furnace or kiln.

Bomblets which had been downloaded from M43s were available for testing
from several different jots of production. Production testing showed the burning
(normal functioning) rates to vary appreciably from lot to lot. Although there (s no
known correlation between detonability and burning rate in the normal functioning
maode, the burning rate data seemed likely to be the most significant data available.
Thus M138 munitions were selected for test from all available lots, but with
replications of the fastest burning and near the slowest burning time munitions

available. The numerical values of this parameter are reported in Section 4.1 on test
conditions and lot selection.

3. EXPERIMENTAL APPARATUS

To conduct the planned series of detonability tests, two major items of

equipment were reguired:




: ¢ An explosive and gas containment vessel capable of con-

taining the detonation of at least 3.3 b TNT-equivalent

- high explosive and retaining the gases and aeroso without
' significant leakage

e A vapor incinerator, afterburner, and water quench system

capable of reducing the BZ content and termperature of
gases resulting from the detonability tests to a level
allowable for discharge into the iglog environment,

The wvapor incinerater, afterburner, and water quench system was con-
structed to obtain preliminary plant design information as well as to destroy the BZ
vaporfaeroscol generated during these tests. The incinerator system was extensively
tested and qualified for the dES‘trUC‘tiﬂ-{n ;:rf BZ prior to the conduct of these tests. [t

4

has been described 1n detail elsewhere,

3.1 Blast Containment Sphere

. The blast containment vessel was modified from a previously constructed,
1.07-m- diameter spherical chamber with an average wall thickness of Z2.9 mm. As
ariginally constructed and qualified for blast containment, the chamber design included
a single large port with a captive door inside which overlapped the inside of the port
reinforcing ring over the full circumference. This design provided a good blast seal
but was never intended to be gas tight. In this configuration, other vessels of the same
design demonstrated the capability to contain the biast from %.54 Kg of composition
C-4 on a repetitive basis and 3.08 Kg in a single trial>, For this application, the
original port reinforcing ring and door were replaced by an O-ring-sealed door
externally mounted and secured by a double row of bolts. This port design was
patterned after similar closures which had been qualified for blast containment at Los
Alameos National Laboratery. Additional pepetrations were a high-pressure, 23-pin
electrical lead-through manufactured by D.G. O'Brien, incerporated for heater and
instrurmnentation connections, and two 5Swapgelok® high voltage lead-throughs for the
exploding bridgewire detonators. Piping connections for the pressure transducer and
for gas purging were made through the deor. After modification, the sphere was
- ] requalified by the test firing of a 1.82 Kg spherical composition C-4 test charge, as

. well as static g{a? pressure tests at 2.27 MPa. These tests are described in detail in a

&

previous repart .

L




3.2 Fragment Restraint Assembly

Figure ! shows a schematic of 2 hot detonability test assembly arranged
inside the containment sphere. To provide protection for the sphere Interior from
fragment damage, a O.%6-m-length of 0.%1-m O.D. pipe with near 2Z5.4%-mm wall
thickness was hung, as shown, on the sphere horizontal centerline, This pipe was
specially constructed of high toughness steel alloy. It was [itted with a replaceable,
mild steel liner rolled from %.61-mm-thickness plate. The pipe provided the structural
strength to absorb the fragment momentum while the liner absorbed the fragment
craters. About midway through the test series, the liner was replaced to prevent
penetration of the accumulated fragment craters through the liner. This was a
planned operation.

3.3 Detonability Assembiies

Inside the fragment restraint pipe, the detonability assembly was supported
aon the sphere centerline by a steel tubing and sheet metal cradle. The assembly shown
schermatically in Figure | is for a preheated detonability test. At the heart of the
assembly is a specially instrumented M138 bomblet which is described in the following
section (Section 3.4). The bomblet is secured inside a 13-gage steel tube aver its full
length to provide the desired additional confinement. This tube in turn was fitted with
fiberglass-insulated electrical heating tapes. Two separate heaters were provided, a
main heater and an end compensating heater. The end heater, only 23.4 mm long,
served to compensate for the additional heat losses at the end of the munition. Each
heater was controlled by a thermocouple, hard-soldered to the confinement tube, The
two control thermocouples were connected to strip chart recorder-controllers. The
heaters were powered through variable autotransformers which were adjusted during
heating to maintain the center and end thermocouple at near the same temperature
and to maintain geod temperature control once the heaating jacket reached the desired
temperature,.

The 1.3-Ib composition C-4 donor charge was designed to provide a charge
length at full diameter equal to the charge diameter plus a conical lead-in to insure
near-planar, axial symmetry of the detonation shock entering the munition. For the

nre-heated tests, it was supported inside a fiberglass-reinforced silicone plastic tube,
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separated from the M 132 by a 51-mm air space during heating to minimize preheating
of the C-4. After the desired preheat, a specially-designed electric gearmotor
actuator moved the charge into firm contact with the M 138 just before detonation.
The C-4% charge was coptained inside a §,20- to Q.46-mm thick vacu-formed PVC
container. This container was supported by a strong, wooden mold during packing of
the C-4% plastic explosive to allow the production of a fully densified charge of the
correct dimensions.  After packing, the thin plastic container provided sufficient
support to allow easy handling of the explosive charge.

The C-% charge was detenated by an RP-33 exploding bridgewire detonator.
This detonation was selected to provide safety from stray electrical currents during
loading operations. The exploding bridgewires were fired by a Model F5-10 firing unit
manufactured by Reynoids Products, Inc.

The confinement tube for the unheated M 138 munitions was i[dentical to
that for the heated munitions. For these tests, the composition C-% charges were
secured in firm contact with the munitions by the force of several strong rubber bands
between the M138 and a specially shaped, wooden block across the hase of the C-4
charge.

3.4 Instrumented M 138 Assembiy

The MI1238 itself was fitted with a special detonation probe assembly
inserted inte the core hole of the munition. Figure 2 shows the detonation probe
assembly. As shown, the assembly was comprised of two 28 ga type K (Chromel-
Alumel) thermocouples and two detonation probes potted inside a low-density
polyethylene tube. The header assembly served to protect the otherwise extremely
fragile connection between the detonation probes and the coaxial cables used to
cornect the probes to the exterior instrumentation.

Two detonation probes were used in each assembly to provide redundant
infarmation on the position of the shock front (Figure 2). Each probe was comprised of
a 0.5]-mm-diameter aluminum tube {{.038-mm wall thickness) containing an 0.025-
mm-diameter Moleculloy® resistance wire (0.33 ohms/mm resistance). The resistance
wire was insulated by skip-wound nylon. The resistance wire was soldered to the
aluminum tube at one end and connected to the center wire of the coaxial signal cable
at the other. The aluminum tube was connected to the coaxial cable shield,
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In operation, a high pressure shock wave travelling up the M 138 and probe
from the originally shorted end progressively shorted out more of the resistance wire
by crushing the aluminum tubing against the wire. Of course, if the pressure in the
shock wave dropped below that required to crush the tube, the probe would cease to
provide position data; at pressure levels near the threshold, the crushing of the tube
could be expected to be somewhat erratic. The circuitry associated with each probe
consisted of a battery-powered, constant current source and a high-impedance
measurement of the variation in voltage across the probe with time. With appropriate
calibrations, the measured voltage could be related te the position of the shock front
fas described in detail in Appendix B). The constant current supply was adjusted to
provide ~ 74 MA through the probe resistance of ~ 121 ohms, giving an initial voltage
~9¥V. This represents a power dissipation of ~ 2/3 Watt so that neglible heating was
produced by the probe exitation current,

The probe voltages wete recorded using a digital processing oscilloscope
manufactured by T. G. Branden, Inc. The data reduction steps described in Appendix B
were carried out with the aid of a pre-recorded data reduction program within the
oscilloscope. The plots shown in this report were produced semi-automatically
directly from the processed data by a direct-connected digital plotter,

The detonation probe assemblies for the ambient temperature tests were
identical to those shown In Figure 2 except the thermaocouples were not installed,

The detonation probe assemblies used represent a re-design of a previous
probe which had an outside diameter of 9.5 mm. This diametet had proved to be too
large to insert into the M 138 core heles without interference with the starter mix. To
insure that no interiersnce would be sncounterad during assembly of the 6.33-mm
probes into the M138 munition, each core hole was optically gaged with the aid of a
small {2 mW} He-Ne laser fitted with a beam expander which provided a 12-mm
diameter parallel light bearn. 1f the light bearn was unobstructed over a 6.33-mm
diameter after passing through the core hole of the munition, the probe could be safely
inserted. This aptical gaging technique showed that all munitions were safe to insert
the &6.35-mm probe,

One detonation probe assembly was potted inside the core-hole of each
M13& bomblet tested. To do this, the core hole opposite the fuze end was sealed with
tape and the bottom M7 canister sealed with epoxy putty, after bending owut the
retaining tabs on the M133 case. The core hole was filled with a low viscosity epoxy
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resin (Hysol® resin R8-2038 with HD-3404% hardner) and the detonation probe assembly
inserted through the fuze opening of the bomblet all the way to the tape. Thus the
active end of the actual detonation probes were approximately 1/&-inch, or 6.3 mm,
from the end of the bottom K7 canister. No correction for this & mm difference was
applied in the calculated shock positions which are reported on the basis of shock
progress along the detonation probes.

Following insertion of the probe assembly, which submerged the probe
header assembly inte the M138 fuze cavity, the fuze cavity was filled with another
epoxy potting compound {Hysol® C3-4%143 resin with HD-3408 hardener) to the top of
the fuze well. This resin contained 30% silica filler to reduce shrinkage during curing.
Both epoxy resins were checked for temperature rise during curing in the
configurations used and found to be satisfactory. The munition was maintained in a
vertical position until all the epoxy potting had cured. The resultant instrumented
W 1328 was mechanically quite strong to allow handling and installation into the blast
containment sphere for testing. All instrumentation and heater leads were pre-
connected and potted into a large, 28-pin plug which mated with the lead-through
mounted in the blast containment wall. The motor actuator leads were also pre-
connected to and potted into the multi-pin connector plug. They were fitted with a
separate in-line plug-together connecter which allowed connection of the motor after
final assembly of the complete test item. Thus it was possible for operating personnel
in Level B protective clothing (gas masks, rubber aprons, boots and gloves) to assemble
and install these highly instrumented assemblies into the blast containment sphere
without recourse to soldering operations.

It should be noted that the copaxial cables used for the detonation probs
leads had connections at the probe end and at the plug end which were entirely sealed
by immersion in expoxy potting. In addition, the plug O-ring sealed into the
containment lead-through socket. Thus the entire probe circuits were protected from
the immediate short-circuiting effects of the high pressure, lonized air-shock wave
generated by detonation of the C-4 charge. Calculations showed that this shock wave
could pass over the probe circuits prior to completion of passage of the shock wave
through the M132 munition. This precaution insured against premature loss of the
detonation probe signal from this source.

Another result of installation of the detonation probe assembly was to
provide additional lateral confinement of the M 132 by preventing the free expansion of
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the reaction products into the core hole, which would normally occur with inventory
munitions. This provided an additional degree of overtest which was necessitated by

the reguirement to provide a continuous shock path through solid material from the
BZ-pyromix fill to the detonation probes.

3.5 Electronic Data Acquistion Apparatus

A block diagram of the apparatus used for gathering the sphere pressure
and detonation probe data is shown in Figure 3, together with the detonator firing
clrcult. In operation, the shot was fired by a push butten on the F5-10 firing unit.
This unit, through the firing module, produced the fast-rising high voltage (4300 V)
pulse needed to fire the exploding bridgewire detonator, Reyneld's RP-83. At the
same time the firing pulse was initiated, a 30-V pulse was generated which served as a
trigger signal for the {ast data acquisition system.

The fast data acquisition sysiem was comprised of two major parts, the
detonation probe and pressure-signal processing subsystems. The detonation probe
subsystemn consisted of two individual, adjustable, constant current power supplies
from which a voltage proportional to the remaining probe resistance was derived. This
voltage was recorded for both probes by a Physical Data Inc. Model 323-A2 two-
channel transient waveform recorder. This unit provided 4096 digital samples for each
channe] at 0.1 microsec per sample. After temporary digital storage in the unit, it
was subsequently transferred in analog form to the Smartscope® where it was re-
digitized and subsequently processed te provide position and velocity versus time
information fream the probes, as described in Appendix B. The plots shown in this
report were generated directly on the Smartscope plotter,

The internal pressure in the sphere was monitored by a Viatran Model 108
pressure transducer which includes an internal shunt calibrating circuit. Pressure data
was output as a 3 VDC full scale signal to the Smartscope where it was sampled over a
l10-sec period with l-msec resolution. The appropriate calibrations were Input to
Smartscope s¢ that its digital plotter produced the pressure time records given in this
report,

Temperature data from the two control thermocouples were individually
recorded on two Honeywell controlling strip chart recorders which provided a

permanent record of the heating histories. Each controlled heater was supplied
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through a variable autotransformer which allowed adjustment of the power input level
to balance the heating rates of the main and end compensating heaters and to obtain
good temperature control once the desired temperature was reached. Power levels
typically varied from near full power for the rmain heater to about 55% for the end
compensating heater during heating, and somewhat lower levels during the soak pariod.

The temperature data frem the two core thermocouples was recorded for
some shots on a Gould multipoint recorder. An instrument failure during the tests
required that the core thermocouple data be recorded manually from a digital
temperature indicating device for these tests.

5. EXPERIMENTAL PROCEDURES AND RESULTS

The detonability tests were conducted in Igloo 64-250 at Pine Biuff
Arsenal, Pine Bluff, Arkansas, under the local supervision of Mr. James Stuart who
ably served as the on-site test director and arranged for logistical support of the tests.
After initial training, all munition preparations and test operations inside the izgloo
were conducted by technicians from Pine Bluff Arsenal, Explosive charge preparation,

and ali handling operations invelving explosive and detonators, were performed by
members of the »2nd E.Q.D. Detachment at Pine Pluff Arsenal.

4.1 Test Conditions and Lot Selection

As described in the technical approach, munitions were selected from all
available downloaded lots to provide as broad a sampling base as possible. In addition,
where dupiicate tests were possible, they were grouped at the extremes of low and
high burning times. Testing was planned to include seven ambient temperature Tests,
followed by up 1o 10 preheated tests and up to three final ambient temperature tests.
However, because it was agreed that the preheated tests were more likely to show
detonability, it was decided that if no detonations were ohserved at completion of the
preheated test series, the remaining three ambient temperature tests would be
abandoned.

Table | shows the test sequence actually followed. As shown, the tests

were in four groups, The first two tests were conducted on "inerted” M 138 munitions.

Inerting was done by immersion in a vertical position in water with 0.01% Avirol-1[3
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Table 1. Test Variables for M138 Detonability Tests

Test Munition Burning a) Test Conditions
MNa, Lot Ng. Time Preparation Temperature
102]- Secs. C
Dl A45-153 31.2 inerted ambient
DZ bh-1123 17.0G inerted ambient
D3 35=153 31.2 short inerted ambient
Dy G4.1123 17.0 short inerted ambient
05 35-133 31.2 live inventory ambient
D6 41-187 26,3 live inventory arnbient
D7 Gi.-1123 17.0 live inventory ambient
D8 35153 31.2 live inventory intended “HEE:;:
Do Gl-1113 M7 live inventory intended 1035
D1a 35-153 31.2 live inventory 74
D1l LI-187 26.5 live inventory i
DL2 G1-[163 23.3 live inventory il
13 36160 22.5 live inventory 52
Di& La-1123 17.0 live [nventory L1
Dis 36-181 28.0- live inventory 31
D& 36-157 21.0 live inventary 51
DI7 L1-1113 .7 live inventory 0

[a)

{b)

Of ali Mé3s produced, the shortest burn time measured was 15.3 sec., Only
5 lots had burn times less than 17.0 sec. Some production lots burned considerably
slower than the slowest lot avallable for these tests; five lots had burn times
greater than 40 sec.

Munition functioned during heating.
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(a wetting agent) added for 2 hours. The sealing tapes were removed manually from
the ends of the core holes before immersion. After lnerting, the munitions were
allowed to drain overnight in a vertical position, before potting the instrumentation
into the core hole.

The short inerting on the second two munitions was done the same as for
the inerted munitions except the immersion time was 3 minutes.

The third group of three munitions were tested in the inventory condition.
All three of these groups were tested at ambjent temperature (727 C).

The fourth group of ten rmunitions was tested in a preheated condition. As
shawn in Table I, it was intended to preheat the munitions to a temperature of 105 C.
This temperature was chosen to provide a 5 C margin of safety over tests with an inert

(7)

simulant which caused extrusion of the fi]lV' °, The preheating protocel was to heat the
outer shell to the desired test temperature then maintain this shell temperature until
the core temperature reached the approxirmate shell temperature. During heating of
test DE, the BZ-pyromix ignited after the heater shell had been at 106-107 C for 58
minutes and the core thermocouples were indicating 73-77 . No previous ignition of
starter mix or BZ-pyromix at this low temperature had been cbserved. Hence a second
attempt to preheat to 105 C was made in test D9, Again, ignition occurred before the
test temperature was reached. This time ignition ocgurred 7% minutes after the outer
shell reached 105-106 C and at an indicated core temperature of 33 C. Ignition of the
pyromix caused the Composition C-4% to burn as well, 50 that nco safety problem
occurred. No detonability data were obtained from these two tests and [t was decided
to reduce the test temperature to 80 C.

Table 2 shows the thermal histories of the preheated tests. When the cuter
shell temperature was restricted to 80 C, the heating tirme was too long to allow the
core to reach 380 C. Thus test D10 was fired at a core temperature of 7% C after
heating for 2.4 hours after the shel]l reached 80 (.

In subsequent tests, the sheil temperature was rajised to 90-93 C to provide
an increased thermal gradient to drive the core temperature up to 80 C. Slightly
before the test, the shell temperature was allowed to cool to near 80 C, so that near
150thermal conditions were established.

In test D11, the actuator motor to move the Composition C-& donor charge
inte contact with the M138 was found to be jammed in an attempt to operate the

mator after preheating. Due to possible safety problems in handling a previously

preheated device, the donor charge was fired, aborting test DI11.
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Table 2. Preheated Test Thermal Histories

Test Shell
No., Main End Core Final |
Hold Hold Main Fod Total |
Time Temp Tirne Temp Temp Temp Tirme
min i min Z C C min
D& 21 106 21 167 75 77 ?9Ea§
D9 21 105 19 106 23 - g9y 4
D10 14 0 14 &0 74 - 158
D1} 13 92 14 21
51 23 51 23
65 78 % 82
78 91 &0 a1 (b)
112 Coocling 123 Ceooling 30 125{}
143 71 151 68 - 31 1ists C{d}
D12 15 92 15 91 &1 - 68-71
D13 17 2% 20 83 75
30 31 27 9]
62  Cooling 62 Cooling 73 32
. 70 75 70 74 %5 21 75
R 12 93 11 92
58 Cooling 57 Ceooling
&2 -~ 80 Y 30 %0 24 63
D15 12 a1 11 32
69  Cooling 70 Ceooling
70 83 76 52 &1 21 :§
Dla 10 S0 9 9]
3% Cooling a9 Cooling
62 &5 a2 &5 31 %1 76
D17 15 92 114 92
56  Cooling 26 Cooling
60 82 &0 A2 21 30 &0
Motes: (a} Munition ignited and functioned during heating at this time without other stimulus

{b} Initial attempt to operate actuator motor

{c) Detonator fired with comp. C-% ~ 50,8 mm from M13%

(d) Times disagreed from two strip chart records
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All remaining tests provided detonability data for the M13% configuration
tested, although several difficulties were experienced. At the outset, one of two
output channels of the Physical Data Model 523-A2 transient waveform recorder was
inoperative. A replacement instrument flown in from the manufactrar showed an
output fault {a voltage discontinuity at about one-half the probe length), It was
possible to correct this output mathematically, and, in any event, the discontinuity
occurred after the shock velocity had dropped below the cut-off point of 2.0 mm/
MICrosec,

In addition, much of the data obtained was quite noisy, which required the
use of special techniques to extract meaningful data from the records. These data
reduction techniques were carried out on the data as stored within the Smartscope so
that the data plots presented herein were entirely machine-produced.

4.2 Typical Resuits Obtained

The results obtained from detonation test D7 are fairly representative of
the data obtained from ecach test. In some cases data from only one probe were
obtained and the data ranged irom somewhat less to somewhat more noisy. In this
section all of the intermediate steps in the data reduction of test D7 are shown in
graphical form. These steps were performed in each test although not all intermediate
hard copy graphics were prepared.

The graphs presented are:

o OJriginal data as recorded and transferred to the

Smartscope

e Conversion of the probe voltage data to shock position data

after application of the basic data reduction constants

# Veiocity determined after application of the data

smeothing operations to reduce the noise content

e Comparison of the smoothed position-time data from the

two probes

¢ Stepwise slope {{inite-difference differential shock

velocity) of the position-time data

e Cross-plots of the shock velocity versus shock position

data.
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Figure & shows the original voltage versus time data recorded from the two
probes of test D7. The initial height of the level portion of the curve 15 not
significant. It merely reflects the adjustment of the constant current supply to
provide a nearly full scale initial veltage for recording purposes. The initial large
amplitude ringing noise shown on this record appeared only after the replacement
Physiczl Data recorder was put in service. The agreement in phase and amplitude of
this ringing between the two probe signals suggests that this is an extraneous
electrical noise as does the physics of operation of the probe. 1t was not possibie to
find and eliminate this noise source during the time frame of these experirnents,

Figure 5 shows the probe veltage curves after conversion to position-time
data. This step is described in detail in Appendix B. Briefly, the constant current
value is cbtained from an auxiliaty measurement of the veltage through a known
resistance. With the current known, changes in voltage can be related to changes in
probe resistance. Likewise, with the resistance change known, and the probe
resistance per unit length known, the shock position can be derived as shown. These
steps were carried out point by point by the signal processing capability of the
Smartscope, The deviation between the two curves at long (200 mm) shock travel
distances arises because the low pressure which exists in this region is unable to
produce precision crushing and shorting of the detonation probes, as it does In regions
of higher pressure {(smaller travel distancesh

Examples of reduction of noisy data by smoethed line construction are
shown in Figure & and 7. The basis for drawing the smooth line is as follows. In the
initial time region where the data curve is dominated by a ringing-type noise, the
smoothed lire 158 made up of a number of short straight line segments drawn through
the average value of the initial ringing signal peried by pericd. Later, the data was
smoothed on the basis of engineering judgment as to the probable average position of
the shock pressure front, with the guideline that the actual shock front progress has
momentum assoeciated with it and would be expected to follow a smoeth line of
progress. Of course, the munition itself is not homogeneous along 115 length, but is
made up of four M7 canisters stacked end to end. Each M7 has l.5-mm steel end
closures, separated by a 1.0-mm thick plastic spacer. These discontinuities occur at
three places along the munition length, as shown in Table 3, which also gives the total
BZ-pyromix length. The detonation probe records frequently stop changing with time
before the full length of the munition is reached. This means that the shock pressure

had dropped too low to continue crushing the detonation probe tube.
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Table 3. Locations of Discontinuities for Shock

Travel Along M138 Length

Discontinuity

Lacation, mm

From Shock Entrance

As Plotted

Inside Rear of
lst Canister

Inside Front of
2nd Canister

Inside Rear of
2nd Canister

Inside Front of
Ird Canister

Inside Rear of
Jrd Canister

Inside Front of
4th Canister

Inside Rear of
4th Canister

Outside Rear of

4th Canister {End of
BZ-Pyromix Con-

tainers)

95.5

101.0

193.1

200.6

294 .6

300.1

396.2

397.2

£89.2

QL. 7

138. &

194.3

288.3

253.8

389.9

390.9

Note:

The words "rear" and "“front" mean the ends encountered last and first

respectively by the shock wave,
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Figure & shows a cornparison of the two smoeothed location - time curves
from test D7. The curves track very well together until near the 200 mm location.
This is after the shock velocity has decayed to the apparent sonic velocity in the
material indicating that the pressures are no longer high.

Figures 2 and 10 show the velocity versus time records obtained from the
two records by simply taking the siope of the position time curve at ll-microsec
intervals along 1ts length, and plotting this velocdity as a constant owver that time
period. Figures [! and 12 show the final plots of shock velocity versus shock
pasition. These plots are cross plots of the position data from the upper curves of
Figures 9 and 10 and velocity data from the lower curves using time as a parameter,
From these plots the determination of shock travel at velocities greater than 2.0
mm/microsec was made. The discontinuities near 200 and 300 mm travel are apparent

on these plots, coinciding with the ends of the M7 canisters.

4.3 Results

. The original data and fully reduced data for each of the tests are provided
in Appendix C. From each final plot, the shock travel at a velocity greater than 2.0
mm/microsec was measured and is tabulated in Table 4. Here, the [imiting value of
2.0 mm/microsec was chosen over the initially selected 2.3 mm/microsec value after
examination of the data which showed that the observed velocities generally fell below
this level. (Results using 2.0 mm/microsec versus 2.3 mm/microsec are conservative.)
Occasionally, near the end of a record, velocities slightly over 2.0 mm/microsec were
observed; this was attributed to the irregular performance of the probes at low
pressure leveis. This conclusion is supported by the recovery in several tasts of intact
portions of munitions which came from the same regions where these late velocity
axcursions were observed. Tt should be noted that the shock travel at velocities
greater than 2.0 mm/microsec for a simulated ron-detonable test i‘tem{?} was |30
mm, wWith a very similar velocity decay curve. Improved data reduction techniques
from those used in Reference 7 were used on the current data set* 30 that the

difference between the current data and the simulated non-detonable item may be less

. * The difference arises principally in the use of an additional calibration which
eliminates the effect of long term drift in the constant current. It was found after
the tests of Reference 7 that the current provided by the constant current supply

slowly drifted up with time between pre-calibration measurements and conduct of
the test. This drift went undetected in the initial norn-agent tests.

o
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Table 4. 5hock Travel at Velocity Greater Than 2.0 mm/microsec

Average Standard
Within Deviation
Test Probe | Probe 2 QT ouUps of Group
No. rnm [T T mim
Dl EO -
D2 107 - 103,53 ¥ 4.9
D3 116 ~
D @2 52 104 £ 17.0
D5 28 L1&
L6 113 125
D7 100 104 169 = Ia,!
o9 - -
D1g 120 130
D1} sg(a) 59(3)
DIz 108 -
D13 103 112
D1y 102 1140
D15 115 -
DI& 109 106
D17 106 113 111.4 t  &.6&
Overall Average 108, & * B35
{a) Net included in averages because of no contact between donor

charge and M 138 munition.

Note:  The total shock travel distance is 6.3 mm greater than the values
shown because the end of the active probe was &3 mm from the
lower end of the munition.
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thar suggested by the numbers. In any event, the results cbtained from the current
tests on live BZ-pyromix were guite similar to those obtained on the simulated non-
detonable mockup 1tem.

With respect to the munition remains after the test, those from test D4,
shown in Figure 13, are representative of the physical appearance of the inerted and
short-time inerted munitions tested.  About two-thirds of the original munition
remained intact, with ne burning of the remaining BZ-pyromix-filled canisters, For
the non-inerted munitions, & vigorous reaction of most or all the BZ-pyromix accurred.
Representative remains are shown in Figure 14 from ambient temperature test D&,
Although the entire munition was broken up, many large fragments with areas almost
one-half that of a single canister case remained, indicating that the pressures-
developed prior to canister burst were not appreciably above the minimum pressure
required to burst them. Assuming a nominal 60,000 psi for the mild steel strength of
the containment including the added tube over the M 138, results in a burst pressure of
4300 psi or 0.3 Kbar, far below the predicted detonation pressure of 25 Kbar, In the
unheated non-inerted tests and preheated tests DIl and D12, all canisters were
destroyed. In the other preheated tests, one distorted but intact M7 canister
rernained, except in test D17 where twa M7s remained intact. In test D17 there also
was evidence of upburped BZ-pyromix. The bursting of the M7 canister's M 132 sleeve
and the added confinement tube in these tests due to the reaction of BZ-pyromix was
to be expected because the core hole (which normally vents the generated gases and
BZ aerosol) was securely plugped with epoxy resin cast tn place.

Both the active Instrumentation and the post-shot appearance of the
munition remains confirm that no sustained detonation occurred, nor does there appear
to be any evidence for a fading detonation as would accur with a material which would
support & sustained detonation in a slightly larger charge diameter.

Additional evidence regarding the reaction of the BZ-pyromix was obtained
from the measurement of pressure inside the sphere following the detonability tests.
The pressure was monitored at l-msec intervals for 10 sec following each test,

An example pressure measurement record iz shown in Figure 15 for
test /. As demonstrated in this examgpie, all records showed an initial spike pressure
which rapidly decayed to a more slowly changing pressure, called the initial steady
pressure. Ten of the 5 records obtained showed a small increase to a maximum
pressure in a small fraction of a second, followed by a steady pressure decay 1o the
last accurately measured pressure at 10 seconds after the test, Coples of all

remaining pressure records are provided in Appendix D.
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Table 3 shows a tabulation of the measured pressures from the records as
identified in the example above. Examination of this data shows that the initial spike
and maximnum pressures fall inte three groups corresponding to the inerted, shart-time
inerted, and live munitions. The live munition group includes both the ambient and
prebeated munitions mixed together. This grouping is shown graphically in Figure 16,
The separaticn of these initial and maximum pressures may be taken as an indication
of the fraction of the BZ-pyromix whuch reacted in the first few tenths of a second.
Thus there appears to be no significant difference in the amount of BZ-pyromix
reacted during shock wave passage {or detonation if it occurred) between the ambjent
temperature live munitions and the preheated live munitions.

During the decay of pressure in the first ten seconds, however, the ambient
temperature and preheated tests divide into two groups as shown in Figure 1&,
Significantly less pressure decay occurs in the preheated group than in the ambient
temperature group. This shows that the reaction of the BZ-pyromix which remained
after initial shock wave passage in the preheated group was taking place faster during
the first ten seconds than in the unheated group, but by a gradual and progressive

process, not 8 detonation.

4.4 Analysis of Results

The eiffects of pre-treatment inerting, sheort-time inerting, ambient or
preheated condition on the shock travel distance at velocities greater than 2.0
mm/microsec was analyzed by comparing the average run distances and standard
deviations between groups with different pre-treatments as shown in the two right
hand colunns of Table #. The standard deviations of groups generally overlap the
means of other groups. [t appears that there s no significant difference in shock
travel distance between different pre-treatments,

The effect of lot burn time on the shock travel distance at velocities
greater than 2.0 mm/microsec observed was analyzed by plotting the shock travel
against the observed burn times of the lots tested, as shown in Figwre 17, Again no
definite correlation is shown, except, perhaps, a very weak correlation with longer
burn times and longer shock travel distances, This correlation is the opposite of what
might be expected, but is, in any event, too weak to be significant.

The effect of pre-treatment on the pressures developed within the sphere
and the subsequent pressure decay has been presented in Figure 16, Analysis for
additional correlation of the pressure parameters shown in Table 3 with the measured

burn times for each lot showed no correlation between burn time and any of the
individual pressure parameters.
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Table 5. Sphere Pressure Rise

Initial Initial After

Spike Steady Maximum 10 5ec
Test Pressure Pressure Pressure Time Pressure
MNo. psi psi psi SeC D5l
M| 3.2 6.2 70.9 .16 40.1
D2 24,3 75.10 73.0 - 49,7
D3 94.5 0.0 80.0 - hg. 8
D 101. 5 90.9 90.9 - WE.5
il 118.0 1G&. 5 108. 5 - a4 2
Db 113.8 167.8 111.4 - &7 . 4
D7 116.1 10%.8 11G.0 L1l E3.8
310 119.5 L10. 4 113.4 L&l 23.2
D1l 121. 4 113.5 114,7 .13 79.4
Dz 1228 112.2 11k, 5 .18 80.8
D13 123.3 114, 8 I1l.6& .13 77.3
D1 125. % 108, 4 109, 1 .18 77.6
D13 150.0 109. 8 109, 8 - 80.1
Dlé 126, & 112.5 113.8 .07 78.0
D17 115.86 109.8 111.0 .07 7.8
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CONCLUSIONS AND RECOMMENDATIONS

Based on the results obtained during these tests and their analysis, the

following conclusions are drawn:

la

The BZ-pyromix contained in the M 138 bomblet configuration is non-

detonabie.

Z, The observed shock wave decay in the munitions from the C-% donor
charge was not affected by pre-treatment Inerting by lmmersion in a
water/wetting agent solution, nor by preheating to 30 C.

3. The observed shock wave decay agreed, within experimental error,
with the observed shock wave decay in a previous test of an inert
mockup munition.

f.  No significant correlation exists between a tendency to react during
passage of a high pressure shock wave and munition burn time,

. A5 a result of these tests it is recormnmended that:

1.  Subsequent demilitarization plant designs do not include provisions for
the containment of accidental BZ detonations begause it is believed
that the results obtained demonstrate the nc::n'-demnabiiit}r of BZ-
pyromix in all configurations contained in the munition inventory.

2., Extreme care must be exercised [n any handling opaerations of non-

inerted munitions to prevent premature or accidental ignition. Pro-

visions should be made to protect personnel and contain any released

BZ agrosol as a result of premature or accidental ignition,
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APPENDIX A
BZ MUNITION DESCRIPTIONS




Mi3 BOMB CLUSTER

The M%3 bomb cluster is an M30 cluster adapter filled with 57 M138

hemblets. The cluster adapter consists of an upper and a lower adapter casing held

together by a hinge tube containing a PETN detonating cord {22 ft. long, weighing 2.5

0z.) as a cutting charge. The MI138 bomblets are arranged In three stacks of 19 each,

separated by fiberboard spacers. Each bomblet, is a thin-walled cylinder equipped on

one end with an M130A2Z "all-ways" acting impact fuze with an M308 delay element,

Upon removal from the clustier adapter, the bomblet immediately becomes armed.

The bomblet is composed of four M7 canisters filled with a 30/50 agent-pyrotechnic

mixture (pyromix). There is a cylindrical hole through the four canisters that is

coated with a starter mixture. Impact of the bomblet will activate the fuze, which,

after the & to 12 second delay, will ignite the pyromix.

Equivalent
M7 M133 M43 Bomnb B%-F}frnmix, Weight of
Canister Bomblet Clustar 12 TNT, Ib
1 - - 0.75 0.375
1 ! - 3 1.50
225 57 1 171 R5.5.
Length - in. 3.88 19.47 62.75
Diameter - in. 2.75 3.0 16.15
Weight - Ib by g 750

(a) Nominal Fill. Actual fill averages 1.04% times nominal.

ib) Approximately 34 ounces
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2.750" MAX.

BZ-PYROMIX

~ r

: 'nlﬁ‘“

i
!
;
I
I
{:
{
{

3.878"

Y

STARTER MIX COATING,

FIGURE A-4%. M7 CANISTER FOR M43 MUNITION
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Mas GENERATOR CLUSTER

The M4% generator cluster consists of three MI&6 BZ smoke generators
stacked end-to-end in the cluster adapter. Each M1é smoke generator is equipped with
an M9 parachute assembly and an M220 time dejay fuze. The !Z-second delay
is activated by a 40-lb pull (approximately) on the fuze lanyard.

Each M1é generator contains three tiers of 14 Mé canisters. The canisters
are approximately the size of soup cans. The munition fill has a hollow cylindrical
core coated with starter mixture.

My Equivalent
M& Mlé Generator E% S}yrumix, Weight of
Canister Generator Cluster b TNT, Ib
1 - - 0.625 0.315
42 1 - 26,25 13.2
126 3 1 78.75 .5
Length - in. 4.75 14.87 60
Diameter-in. 2.5 11.87 15
Weight-Ib (b} 5 175

(a) Nominal Fill. Actual fil averages !.1% times nominal.

{=))

Approximately 16 ounces
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FIGURE A-3. Mad GENERATOR CLUSTER
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2.48"
DIAMETER

BZ-PYROMIX

STARTER ——\J

MIX COATING \

4.66

FIGURE A-%. Mé CANISTER FOR Mad pAUNITION




APPENDIX B

RESISTANCE PROBE DATA REDUCTION




APPENDIX B

Resistance Probe Data Reduction

The resistance probe circuit is shown in Figure B-l. [t consists of the
detonation probe supply circult connected to the detonation probe and to the recording
device. The constant current supply makes the output veltage to the recording device
proportional to the resistance to ground. In operation, the switch is turned first to
"operate” and the output current is adjusted to make the output voltage near the upper
limit of the recording scale being used on the recording device to provide optimum
resolution of recording. Once the current is adjusted, it is not further changed
intentionally. However, in practice the current from the supply remained constant
pver short time pericds, but drifted slowly upwards over longer time periods, such as
the time between calibration measurements and shot time. To compensate for this
drift, calibration measurements made before the test were adjusted at the time of the
experiments with the aid of the pre-detonation baseline voltage measured from the
actual detonation probe dvnamic voltage record.

Three initial calibration voltage measurements were made at the recording
device:

\'Ir::ﬁl obtained with the switch in the "operate" position,

Y cbtained with the switch in the "120 ahm cal” position,

cal 1
anel

vgl obtained with the switch in the "short" position.

These three measurements were made over a short time period to insure against
current drift in the congtant current suppiv. The measurement of vol was repeated
after measurement of vgi‘ Mo change in Va1 assured that the initial measuring
current I, had indeed remained constant, From Chms' Law we wrote

Vo1 = IIRP ' (1}
Veal 1 = 1 Est *Rea) (2)
1|"'rgl = 1 Rew (3)
where
R = is the total resistance in the probe circuit
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Raw = resistance of the switch contacts and directly associated
circultry
R-:al = resistance of precision resistance = 120 §

By subtracting (3) from (2) the unknown switch contact resistance was eliminated, or
at least errors from this source reduced, and an expression for the initial measuring

current was abtained:

Iy = W{:al - vgllmm (%]

After the shot was fired (switch in operate position), a measurement of the initial,
predetonation baseline voltage, say ‘v’ﬂz yielded;
R = V.ol (5)

P
where I the measuring current at shot time

2

This expression for RF‘ was equated to the value of Rp from equation {1} yielding:
=V

> e ()
02
Finally the value of the total probe resistance is given by

RF‘ = Rid+rpI{L—x} (7}
where

R, is the resistance of the connecting lead wires to the probe

r_, is the specific resistance of the probe wire (in the present case

rp = 0.2892 O/mm or 28,15 3/fth

L is the total length of the probe resistance wire

and

% 1s the length of probe resistance shorted out by crushing of the
surrounding tube by the shock wave pressure. This is taken as the shock
wave position which 1s the value to be determined.

At shot time, Voo from (3} and (7} is given by:

v = I, (R

C.‘.IE 2 + [ LJ‘

@ T (8)

and ¥_ the dynamic value of the signal voltage during the shot is given by

\.FS - I,2 I:Rid + rF' (L-x)} (3]
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By subtracting "."s (9} from Voo (%) the unknown probe lead resistance Rid and the probe
total length were aliminated. The resultant expression solved for x:

X = {vc;:z - US}IIZ FI- {lﬂ'}

The value for I, was found from equations (6) and (4} and substituted into (10) to yield
the final expression for x in terms of known constants or measured quantities:

R

X = cal vni Vaz — V!

(11}
In practice, evaluation of {11} merely meant subtracting the time varying signal V_

from the constant ‘l-"ﬂ2 and multiplying the difference by the experimentally derived
constant for each experiment of Rcai ‘u"ul,."rp"u’ﬂz {vcal ;- “u’gl,'ll. (L2)

The indicated operations were carried out by the signal processing capability of the
smartiscope.
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