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SUMMARY

The malfunctioning M259 rocket warheads, as observed during local and proving ground
tests, were traced to low functioning reliability of a lot of M446 fuze expelling charges manufactured
in November 1973. These charges were replaced by a lot of charges manufactured in October 1978
which performed satisfactorily. The failure of the charge to eject the canister from the warhead
casing within the delay time of the burster resulted in canisters functioning inside the casing which,
in turn, led to a poorly developed smokescreen. An effort was initiated to determine, by test, the
physical and chemical characteristics of the expelling charge with an emphasis on pressure-time
relationships.

Those physical characteristics observed were compared to the engineering drawing
requirements. There were 168 pellets and 67 of the pellets did not meet these requirements.
The results of tests of significance on the means of old and new charges are as follows:

Test Significantly different at .10 level

Density No
Autoignition temperature No
Decomposition temperature Yes
Heat of combustion Yes

Open-air burn Yes
Closed-bomb

Maximum pressure Yes
Pressure rise rate Yes
Bum time Yes
Ignition delay Yes
Time to peak pressure Yes
Gas volume (-50°F, +145-F) Yes
Gas volume (ambient) No

Moisture content Yes

The closed-bomb tests provided the most distinct differences between old and new
charges. The threefold rate of pressure rise of the new over the old charges is directly related to
the successful ejection of canisters from the warhead casings by new charges.

Although conclusions could not be drawn from the few chemical analyses conducted,
observation of the homogeneity of the pellet and the functioning properties of the charges
indicated a severe degradation of the constituents with time. Flakes of cellulose nitrate were
present on the surface and throughout the old pellets. New pellets did not exhibit this phenome-
non. Based on the known performance characteristics of black powder, it is assumed that the
presence of this material in the pellet enhances its susceptibility to moisture (i.e., humidity) thus
increasing the probability of degraded performance.

It is recommended that the composition of the pellet be changed to improve shelf
life and moisture resistance.
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INVESTIGATION OF PERFORMANCE DEGRADATION OF M446 FUZE EXPELLING
CHARGE FOR 2.75-INCH ROCKET WITH M259 WP WARHEAD

I. PURPOSE.

The purpose of this investigation was to define the physical and chemical characteris-
tics of two lots of the expelling charge, drawing 65C1 1050, in the M446 fuze employed in the
2.75-inch rocket M259 smokescreening warhead.

II. BACKGROUND.

The 2.75-inch rocket with M259 smokescreening warhead employs the M446 base

detonating fuze which is positioned in the aft end of the warhead casing by a glass-filled Nylon fuze
support. The fuze consists of a plastic case, a firing pin and body assembly, a safety and arming
device, a delay assembly, and a polyethylene-encased expelling charge. Upon functioning, the
4.5-second delay bums through the plastic to ignite the expelling charge. The pressure buildup
which results from the burning acts on an aluminum pusher plate on which the WP-filled canister
rests. The piston effect ejects the canister from the warhead casing.

Malfunctioning warheads, observed during local and proving ground tests, have indicat-
ed failure of the canisters to be ejected from warhead casing. Local tests have also resulted in
partial ejections. In both instances, ignition of the burster assembly by the expelling charge
causes the canister to rupture while it is still in the warhead. Failure of the fuze to eject the
canister can be observed since the round impacts approximately 1500 meters longer than normal
functioning rounds.

In order to improve the functioning reliability, a more recent lot of expelling charges
was retrofitted into M446 fuzes. The date of manufacture of the "new" charges was October
1978. The "old" charges were manufactured in November 1973. Improved fuze functioning was
observed. At this time, it was conjectured that the pressure being generated during burning of the
"old" charge was insufficient to push the canister out of the warhead casing.

4
The tests conducted at the National Space Technology Laboratory, NSTL, by the

Hazards Range Operations Section, Computer Sciences Corporation, NSTL Station, Mississippi,
were primarily directed at pressure-time measurements. A charge which developed sufficient

:pressure over too long a period was of no value if the time delay in the burster assembly was
S ' exceeded. This situation caused the canister to burst prior to complete ejection from the war-
1d head casing, which resulted in a poorly developed smokescreen. Additional tests were conducted

to more thoroughly define the expelling charge characteristics.

Il1. DATA ACQUISITION PROCEDURE.

A total of 86 old and 84 new charges was submitted to the test agency. All charges
were encased in a hermetically sealed polyethylene container. Old charges had a 0.5-inch hole
in the output side of this container.
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Temperature conditioning was accomplished for a minimum of 8 hours to assure
equilibrium had been attained in each pellet prior to testing. Each sample was maintained at the
conditioning temperature until it was fired to provide a more accurate evaluation of the effects of
temperature on performance.

The engineering drawing and specifications of the expelling charge were provided to
the test agency.

The tests described below were performed on both old and new charges.

All tests for significance were applied using a two-tailed distribution with a 90%

confidence interval. Assuming all charges were made under the same process conditions, the
Student's t-distribution for comparing means with equal standard deviations was applied using a
0.10 probability.

A. Initial Inspection.

A visual inspection of each sample was conducted upon receipt of material. Each
charge was weighed as received (i.e., in polyethylene containers) and assigned a sample number.
All charges were also weighed without the polyethylene container. In the old charges, the pellet
was taken from the plastic container through the hole. The seal of the plastic container of new
charges was broken; pellets were weighed and replaced in the plastic cup. The cup was reheat-
sealed. This operation was accomplished in the same day to avoid absorption of humidity.

B. Density Determination.

Each charge was weighed to the nearest 0.001 gram and measured for volume cal-
culations. The density was calculated as the mass divided by the volume.

C. Autoignition Temperature.

The autoignition temperature test determined the temperature at which the material
reacted when it liberated heat due to self-heating. The sample, ground into fine powder and
with a thermocouple imbedded in it, was placed in an automatically controlled oven. The oven
was heated at a controlled rate until the sample began to liberate heat, as indicated by a strip
chart recorder. At this point, the oven temperature was maintained constant until the sample
reacted rapidly at its autoignition temperature. Multiple specimens taken from various areas of
the same charge were tested.

D. Decomposition Temperature.

The decomposition temperature test determined the ignition temperature and other
physical and chemical reactions which may occur in a pyrotechnic mixture upon heating. The
sample configuration was a fine powder. Iterations of this test using various areas of the same
expelling charge were conducted. The test was conducted in a 70*F environment. The measure-

* ment recorded was the temperature difference between the sample pyrotechnic and a thermally
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inert reference material as both were heated simultaneously at a constant rate of temperature
increase. Any endothermic or exothermic changes in the sample were recorded on a strip chart.
These changes may be related to dehydration, decomposition, crystalline transition, melting,
boiling, vaporization, polymerization, oxidation, or reduction. The point at which the maximum
temperature differential occurs between the sample and reference was the reported decomposition
temperature.

E. Heat of Combustion.

The heat of combustion test determined gross heat content in terms of calories per
gram of expelling charge. The test method employed a Parr bomb calorimeter. A I-gram sample
was placed in an oxygen-filled (5 atmospheres) standard calorimeter bomb which was submerged
in water. The rise in water temperature which resulted from burning the sample was recorded.
Standardization of the Parr bomb was done with standard benzoic acid in accordance with ASTM
D240-64. Expelling-charge samples were also conducted in accordance with this method. Three
new charges and three old charges were tested.

F. Hygroscopicity.

The hygroscopicity test determined the amount of moisture the sample absorbed at
75% humidity. The sample was prepared by completely sieving a pellet through a 50-mesh screen
onto a 100-mesh screen. Samples remained in the atmosphere until moisture equilibrium was
attained. After conditioning sample weights were determined, the percentage of moisture absorbed
was calculated as

B-A " 10

where:

A = weight of sample before conditioning
B = weight of sample after conditioning

A G. Thermal Stability.

The thermal stability test was conducted to determine whether the material experi-
enced a change in state during conditioning in an explosion-proof oven at 75°C for 48 hours.
The charges were weighed without the polyethylene cup, returned to the cup, and placed into
conditioning. They were weighed after conditioning without the cup. The change in weight was
calculated. Visual observations of change in configuration were made. The oven temperature was
continuously monitored throughout the conditioning period.

H. Weight Loss.

The weight loss test was conducted to determine the moisture and volatile content of
the sample material. The polyethylene bags were removed from the samples which were weighed

before and after each conditioning sequence. The sequences were: (1) 4 hours' soak at 500 C and
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18 inches of vacuum, (2) 66 hours' exposure at ambient temperature and humidity, and (3) 48
hours' soak at 50°C and 18 inches of vacuum. Two samples of each lot of old and new charges
were subjected to this test. The percent weight loss was calculated as

B-A X 100

where:

A = weight before conditioning, grams
B = weight after conditioning, grams

I. Electrical Spark Test.

The electrical spark test was conducted to determine the sensitivity of the expelling
charge. The measurement was made in terms of the minimum amount of energy, expressed in
joules, in an electrical spark discharge required to ignite the sample. The test quantity was placed
on a grounded anode and the electrode, which was charged with high voltage through a series
capacitor, was lowered to the anode until an electrical spark appeared. The energy level was
increased to 50 joules, reactions were observed. The energy was calculated as /2 CV 2 , where
C = capacitance in microfarads and V = voltage in volts. One sample from each of the old and
new charges was tested in this manner. Ten trials from each sample were conducted in an environ-
ment of 750 F and 55% relative humidity.

J. Friction Pendulum Test.

The friction pendulum test was conducted to determine whether the test material was
susceptible to frictional forces. Ten trials with samples from the old charges and ten from the new
charge were conducted using the steel shoe. No trials were conducted with the fiber shoe. All
tests were conducted on ambient-conditioned samples.

K. Impact Sensitivity.

The impact sensitivity test was conducted to determine the sensitivity of the test
material to mechanical shock (impact). The Bureau of Mines impact apparatus was used to
determine the "go, no-go" capacity of the test material. A series of twenty tests was performed
on 10-mg samples from one old expelling charge and one new charge. Each sample, consisting of
two or three chunks of material broken off a pellet, was placed in a test cup and a 2-kg test

* weight was dropped onto the material from heights of 9.53 cm (3.75 in) and 25.4 cm (10 in) in
separate tests. Following these tests, additional trials were conducted to determine the minimum

* drop height at which a reaction occurred.

L. Open-Air Burn.

The open-air bum test was conducted to observe the burning characteristics of the
material under test, while it was in an unconfined state. Each trial was conducted on a complete pel-
let encased in the polyethylene cup. A small hole was cut in the plastic of each new charge prior to

12
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firing to accept the electrical match. No additional holes were added to the containers of old
expelling charges. Tests were conducted on charges conditioned hot laverage, 600 C (140 0 F)J,
ambient [average, 24 0 C (750F)], and cold [-460 C (-500 F)I. Burn time was determined using
a stopwatch and was defined as the elapsed time from pellet ignition to consumption. Smoldering
particles were not included in the measurement.

M. Closed-Bomb Pressure-Time Tests.

The closed-bomb pressure-time tests were conducted in a 22-quart instrumented
closed chamber, figures 1 and 2, to determine static pressure, rate of pressure rise, total bum tim.,
maximum temperature attained, gas volume, and ignition delay. The chamber was instrumented
with pairs of BLH strain-gage-type transducers, thermocouples, a photoelectric cell, and a firing
circuit.

Each test charge was placed on a small pedestal inside the chamber, figure 3. A
wooden disk, into which the electric match was positioned, was placed over the test charge and
the assembly was taped lightly to the pedestal, figure 4. All firing was done remotely through a
panel which controlled the sequential operations of the instrumentation.

The old charges were fired in the configuration as received. A small hole was cut in
the plastic cup of the new charges, however, to accept the spit from the electric match. Samples
of new and old charges were temperature conditioned at -460 C (-500 F), 23.8 0 C (75 0 F), and
62 0 C (144 0 F) for a minimum of 8 hours prior to firing. An attempt was made to minimize the
time between removal of each sample from conditioning to firing; however, as much as 5 minutes
occasionally elapsed before firing.

Representative still photographs were taken before and after selected samples.

The information in table I applies to figure 2, the closed bomb:

Table I. Instrumentation of Closed-Bomb Test

Channel Type measurement Range Recorder

I Static pressure 0-20 psi Oscillograph
2 Static pressure 0-20 psi Oscillograph
3 Photocell 0-5 Volts Oscillograph
4 Internal temperature Ambient, 6000 F Oscillograph
5 External temperature Ambient, 600OF Oscillograph
6 External temperature Ambient, 600OF Oscillograph
7 Timing temperature I-Millisecond intervals Oscillograph

Using the weight of each test charge and the recorded maximum temperature obtained inside the

chamber, the volume of gas evolved was calculated. All other measurements were reduced from the
strip charts.
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Figure 2. Schematic of Instrumented Closed-Bomb
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N. Moisture Content.

The Karl Fischer titration was the analytical method employed for determining
moisture content. Five of the six old and new charges tested for heat of combustion were analyzed
for moisture. The 1.5-gram samples were analyzed in bulk granular form. The test was conducted
under environmental conditions of 230C (740F) air temperature and 44% relative humidity. The
samples were soaked in the extraction solvent of 70% chloroform and 30% methanol for 3 minutes
prior to titration. The moisture measurements are based on the Karl Fischer titration in which
the Karl Fischer (KF) reagent reacts quantitatively with the water in the sample which produces
a chemical change (titration end point) detected amperometrically. A Beckman KF4B aquameter
was used in these trials. Moisture content was calculated as H2 0 in parts per million molar

CF X 106

W

where

C = KF reagent required to reach end point, milliliters
F = water equivalence of KF reagent, milligrams per milliliter
W = weight of sample, milligrams

106 = conversion factor for parts per million

IV RESULTS.*

A. Initial Inspection.

New charges were uniform in appearance. The polyethylene container was sealed
completely in all instances. All new charges were similar. The old charges were not uniform
throughout any given pellet or from one pellet to another. The existence of shiny flecks of
material was prevalent in old charges, figures 5 and 6. When physically extracted from the pellet,
this material was determined by solubility tests to be cellulose nitrate.

The individual pellet weights, less the polyethylene cup, were compared against the
value appearing on drawing 65CI 1050,** that value being 5.9 ± 0.4 grams, prior to sealing in the
cup. A total of 31 of 84 old pellets and 36 of 84 new pellets weighed less than the weight shown
on the drawing.

B. Density Determination.

The results of this phase are in table 2.

,I Table 2. Summary of Results of Density Determination
I

Charge type Number of samples Weight of pellet Pellet density

Mean I Standard deviation Mean Standard deviation

gm gm/cc

Old 84 5.5549 0.2027 1.63 0.06
New 84 5.5375 0.1661 1.63 0.06

Old and new pellets are statistically comparable with respect to weight and density.

0 Note: Round-by-round data are presented as appendix A.

Drawing appears in appendix B.
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C. Autoignition Temperature.

The average of five trials for the autoignition temperature of the new material was 20 C
less than the average of four trials of the old material. The standard deviation of the new material
was also 1.80 C less than that of the old material. Five samples were tested from each expelling
charge: however, one trial of the old material was not included due to a poor test. There was
no significant difference at the .10 level between the means of the autoignition temperature of
the old and new expelling charges.

D. Decomposition Temperature.

A summary of the results of decomposition and autoignition temperature tests is
found in table 3.

Table 3. Summary of Results of Decomposition and Autoignition Temperature Tests

Charge Number of Decomposition temperature Number of Autoignition temperature
type samples Mean Standard deviation samples Mean Standard deviation

0C 0C

Old 5 164 12.7 4 147 7.8
New 5 156 5.0 5 145 6.0

There was a significant difference at the 10 level between the means of the decomposition tempera-
ture of the old and new expelling charges.

E. Heat of Combustion.

Samples of an approximate weight of I gram were taken from three old charges and
three new charges. The average heat output of the new charges, 2941 cal/gm, was approximately
50% greater than the average heat output of the old charges which was 1984 cal/gm. Table 4
summarizes these results. The standard deviation of the new charges was 4.2 cal/gm, whereas that
of the old charges was 72.9 cal/gm.

Table 4. Results of Parr Bomb Calorimeter Tests

Sample No. Charge type Charge weight Increase in water temperature Heat of combustion

gm °C cal/gm
20 Old 1.0070 0.762 1885.4
23 Old 1.0192 0.821 2007.02
99A Old 1.0115 0.828 2059.54
72 New 1.0163 1.202 2946.8
73 New 1.0153 1.198 2939.9
74 New 1.0121 1.193 2936.8

There is a significant difference at the .10 level between the means of the heat of combustion of
the old and new expelling charges.

21
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F. Hygroscopicity.

The old charges had a slightly greater affinity for moisture than did the new charges.
The old samples absorbed 0.52% additional weight in water it 75% humidity, whereas the new
samples absorbed 0.36% weight in water at the same atmospheric conditions.

G. Thermal Stability.

There was no visual change in state or configuration of either sample after a 48-hour
exposure at 750C. The old sample had an initial density of 1.64 gm/cc. The change in weight
due to the exposure was 6.51%. The new sample had an initial density of 1.63 gm/cc. The change
in weight due to heat exposure was 5.34%.

H. Weight Loss.

After the initial exposure to heat and vacuum, the old charges lost more
moisture/volatiles than the new charges. These pellets also gained more moisture during exposure
to ambient temperature and humidity. However, after the long-term 48-hour soak at 50'C and
18 inches of vacuum, the new pellets lost more weight. The data are in table 5. Both old and
new pellets experienced a considerable change in weight.

Table 5. Summary of Results of Weight-Loss Test

Charge Sample Initial Weight after 4-hr Weight after 66-hr Weight after 48-hr Total
soak at 50C and 18 soak at ambient soak at 50*C and 18 weighttype No. weight inches of vacuum temperature and RH inches of vacuum loss

mgmi (% chapge) gin (% charge) gm (% charge)
Old 5 5.2732 5.2319 (-0.78) 5.2575 (+0.49) 5.1819 (-1.44) 1.73

26 5.7860 5.7385 (-0.82) 5.7700 (+0.55) 5.6773 (-1.61) 1.88

New 2 5.2880 5.2537 (-0.65) 5.2742 (0.39) 5.1817 (-1.75) 2.01
31 5.7363 5.7016 (-0.60) 5.7204 (+0.33) 5.6276 (-1.62) 1.89

I. Electrical Spark Test.

Neither the old nor the new expelling charges were sensitive to electrical spark at
energy levels from 0 to 50 joules. In all trials, the capacitance was maintained constant at

I microfarad (pf), whereas the voltage was increased from 100 to 10,000 volts. The energy was
calculated as CV 2. There was no reaction from any sample at any energy level.

, J. Friction Pendulum Test.

There were no reactions in 10 trials with the steel shoe on each of the old and new
materials. Tests with the fiber shoe were not conducted because of the nonreactivity of the
samples to the steel shoe.
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K. Impact Sensitivity.

Ten trials were conducted on each of the old and new pellets at a drop height of
10 inches. In all cases, the sample exploded. Ten trials of each pellet were again conducted at a
drop height of 3.75 inches. The old pellet samples exploded in four cases, decomposed in two
cases, and did not react in four cases. The new pellets exploded in eight cases and did not react
in two cases. The area of the pellet from which each sample was taken was not recorded. The
minimum drop height at which no reaction occurs is 6.35 cm (2.5 in) for the old material, whi,"
corresponds to an energy of 1.49 joules, and 5.72 cm (2.25 in) for the new material, which co
responds to an energy of 1.12 joules.

L. Open-Air Burn.

In all cases, the new expelling charges burned twice as fast as the old charges. After
hot conditioning, the mean burn times of both new and old charges were less than the respective
mean burn times after ambient conditioning. Table 6 summarizes the results.

Table 6. Summary of Results of Open-Air Burn

Charge Number of Conditioning Burn time Pellet weight Pellet density
type samples temperature MeaniStandarddeviation Mean=Standard deviation Mean tandarddeviation

F sec gm gm/cc

Old 8 Ambient (75) 1.31 0.28 5.5255 0.203 1.62 0.06
New 8 Ambient (75) 0.78 0.25 5.5103 0.196 1.62 0.06
Old 5 +145 1.0 0.13 5.3448 0.306 1.57 0.09
New 5 +145 0.52 0.20 S.5490 0.143 1.63 0.04
Old 5 -50 1.8 0.30 .5422 0.233 1.63 0.07
New 5 -50 0.8 0.62 .5299 0.228 1.63 0.07

There is a significant difference at the 10 level between the mean burn time of the old and new
charges at all temperatures.

M. Closed-Bomb Pressure-Time Tests.

There was a significant difference between old and new charges at the three test tempera-
tures during the measurements of maximum pressure, rate of pressure rise, total burn time, and igni-
tion delay. There was a significant difference in the volume of gas evolved at -50OF and +145 0 F.

The rate of pressure rise of the new charges was three times that of the old charges
at the three test temperatures. The ignition delay and total burn time of the old charges were
each longer than those of the new charges by a factor of two at the three test temperatures. The
time to peak pressure of the old material was longer than that of the new material by a factor of
2.5 at the three temperatures. Characteristic pressure-time traces of an old and new charge are
shown in figure 7, A, and 7, B. respectively. The results of the closed-bomb tests are summarized

in table 7.
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Table 7. Summary of Results of Closed-Bomb Tests

-500 F (-45.6 0C) Ambient (23.8*C) +145 0 F (62 0C)

Old New t* Old New t* Old New t*

Weight, gm
Mean 5.371 5.5301 No 5.6304 5.6312 No 5.6740 5.5033 No
Standard deviation 0.22 0.16 0.130 0.142 0.174 0.122

Density, gm/cc
Mean 1.57 1.62 No 1.65 1.65 No 1.67 1.61 Yes
Standard deviation 0.06 0.05 0.04 0.04 0.05 0.04

Maximum pressure, psi
Mean 46.04 56.80 Yes 50.98 60.72 Yes 57.54 73.75 Yes
Standard deviation 1.14 1.40 1.98 4.03 7.87 4.05

Pressure rise rate, psi/sec
Mean 65.18 230 Yes 79.34 251.63 Yes 108.84 349.4 Yes
Standard deviation 16.4 32.7 11.59 82.06 23.79 71.14

Maximum temperature, °C
Mean 293 300 No 242 +  349 Yes 346 228 Yes
Standard deviation 91 21 73.4 +  35.5 53.6 27.8

Gas volume, Q/gm
Mean 2.57 2.05 Yes 2.02+  2.04 No 2.15 1.38 Yes
Standard deviation 0.43 0.04 0.35 +  0.05 0.32 0.09

Burn time, sec
Mean 1.02 0.59 Yes 0.95 0.52 Yes 0.61 0.34 Yes
Standard deviation 0.34 0.14 0.31 0.10 0.13 0.08

Ignition delay, ms
Mean 218 86 Yes 146 75 Yes 172 47 Yes
Standard deviation 135 15 66.9 23 37 11.3

Time to pressure peak, ms
Mean 748 253 Yes 662 269 Yes 537 218 Yes
Standard deviation 213 34.3 99.9 87.25 59.3 37.5

Number of samples 5 5 5 5 5 5

+ Number of samples 4

Significant difference at 0.10 level using two-tailed t-test.

!#.2
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N. Moisture Content.

The average moisture content in the three old samples was more than 2.5 times the
average moisture content of the three new samples. The results are found in table 8.

Table 8. Results of Moisture Content Determination

Charge Sample Weight of KF H2 0
type No. sample reagent content

mg ml molar ppm

Old 33 1001.3 2.87 4.38 X 103

23 1019.2 3.62 5.43 X 103

99A 1011.5 3.75 5.67 X 103

New 72 1016.3 1.53 2.30 X 103

73 1014.2 1.38 2.08 X 103

74 1012.1 1.02 1.54 X 103

There is a significant difference at the 10% level between the means of the moisture content of
old and new expelling charges.

V. ANALYSIS.

Malfunctions experienced during M259 warhead firings which were attributed to the
expelling charge can be substantiated by the closed-bomb data. The rate of pressure rise and the
maximum pressure developed directly influence the time required for complete ejection of the
canister from the warhead prior to its burst. This time was designed to be no more than 30
milliseconds. Included in this pressure-time relationship is the time required for the expelling
charge to develop sufficient pressure to shear the six pins retaining the nose cone.

Assuming the available volume in the round to be 5 in 3 and showing the closed bomb
to be 1342 in3 , the calculations of table 9 were made:

Table 9. Time Required to Shear Six Nose-Cone Pins

Time required to shear six pins Rate of pressure rise in closed bomb
ITemperature

Old New Old T New

OF ms psi/sec
-50 13.2 3.7 65.2 230
+70 10.8 3.4 79.3 251.6

+145 7.9 2.5 108.8 349.4

The old expelling charges are three times as slow as the new expelling charges in developing sufficient
pressure to shear the six nose-cone pins. Velocity measurements by photographic methods of the
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canister exiting the warhead have shown this value to be approximately 15 feet per second. Based
on this velocity and a burster delay of 150 milliseconds, a canister will function 1.2 feet outside
the warhead casing with the new expelling charge. Because the velocity of an ejecting canister is
not obtainable when an old expelling charge is used, an assumption was made to complete this
analysis. This assumption is that the velocity of the canister with an old charge is one-third the
velocity which results when a new charge is used. This assumption is based on the observed rate
of pressure rise each type of charge exhibited during closed-bomb tests. Based on this assumption.
a canister would require 10.8 milliseconds to shear the nose-cone pins and 210 milliseconds to

clear the warhead casing, a total of 220.8 milliseconds. With a delay time of 150 milliseconds,
failures of the type where canisters burst prior to complete ejection from the warhead casing
can be expected.

VI. CONCLUSIONS.

It is concluded that:

1. The new expelling charges functioned better than the old charges.

2. Moisture substantially affected the performance of both old and new charges.

VII. RECOMMENDATIONS.

It is recommended that:

I. The current expelling charge be replaced by a pellet, configured (I) to generate
sufficient pressure at all temperatures to expel the canister and (2) not to degrade within the
shelf life of the complete round.

2. The burster delay time be increased to a mean of 250 milliseconds, since it has
been calculated that no adverse effect on smokescreen development results.

A
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INITIAL INSPECTION

Visual Inspection of New Material

Sample Sample
No. No.

1. Dull both sides 43. Dull both sides
2. Dull both sides 44. Dull both sides
3. Dull both sides 45. Dull both sides
4. Dull both sides with some shiny specks 46. Dull both sides
5. Dull both sides with some shiny specks 47. Dull both sides
6. Dull both sides 48. Dull both sides
7. Dull both sides 49. Dull both sides
8. Dull both sides 50. Dull both sides
9. Dull both sides 51. Dull both sides

10. Dull both sides 52. Dull both sides
11. Dull both sides 53. Shiny both sides
12. Dull both sides 54. Dull both sides
13. Dull both sides "55. Shiny both sides
14. Dull both sides 56. Dull both sides
15. Dull both sides 57. Shiny both sides
16. Dull both sides 58. Shiny both sides
17. Dull both sides 59. Dull both sides
18. Dull both sides 60. Dull both sides
19. Dull both sides 61. Dull both sides
20. Dull both sides 62. Dull both sides
21. Dull both sides 63. Dull both sides
22. Dull both sides 64. Dull both sides
23. Dull both sides 65. Shiny both sides
24. Dull both sides 66. Shiny both sides
25. Dull both sides 67. Shiny both sides
26. Dull both sides 68. Dull both sides
27. Dull both sides 69. Shiny both sides
28. Dull both sides 70. Dull both sides
29. Dull both sides 71. Dull both sides
30. Dull both sides 72. Dull both sides
31. Dull both sides 73. Dull both sides
32. Dull both sides 74. Dull both sides
33. Dull both sides 75. Shiny both sides
34. Dull both sides 76. Shiny both sides
35. Dull both sides 77. Dull both sides
36. Dull both sides 78. Shiny both sides
37. Dull both sides 79. Shiny both sides
38. Dull both sides 80. Dull both sides
39. Dull both sides 81. Dull both sides
40. Dull both sides 82. Dull both sides
41. Dull both sides 83. Dull both sides
42. Dull both sides 84. Dull both sides

Appendix A 30

I



Visual Inspection of Old Material

Sample
No.

I. Dull on both sides
2. Dull on both sides
3. Dull on both sides but dullest on side with opening
4. Shiny on side opposite opening; dull on open side; also looks like some water spots
5. Dull on both sides; some discoloration on edges of pellets
6. Dull on both sides
7. Dull on both sides
8. Dull on both sides but dullest on opening side
9. Some discoloration on open side; shiny on opposite side

10. Dull with some water spots and discoloration on opening side
11. Dull generally, but some shine on both sides
12. Dull with some shine on both sides
13. Dull on both sides
14. Dull on both sides
15. Dull on both sides
16. Shiny and black on opposite side; dull on opening side
17. Dull on both sides
18. Dull on both sides
19. Dull on both sides
20. Dull on both sides
21. Some shiny specks on both sides
22. Dull on both sides
23. Dull on both sides
24. Dull on both sides
25. Shiny specks on opposite side; dull on opening side
26. Shiny and black on both sides
27. Some specks on both sides
28. Some shiny specks on both sides
29. Shiny both sides
30. Shiny specks both sides
31. Shiny specks both sides
32. Primarily dull with some shiny specks both sides
33. Dull both sides
34. Dull both sides
35. Several shiny specks on both sides
36. Dull both sides
37. Dull both sides
38. Dull front; shiny back
39. Front dull; back shiny
40. Front dull; back shiny
41. Front dull; back shiny
42. Front dull; back shiny
43. Front dull; back shiny
44. Front dull; back shiny
45. Front dull; back shiny
46. Front dull; back shiny

4 47. Front dull; back shiny
48. Front dull; back shiny
49. Front dull; back shiny
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Visual Inspection of Old Material (Contd)

Sample

No.

50. Dull both sides; back shiny
51. Front dull; back shiny
52. Front dull; back shiny
53. Front dull; back shiny
54. Front dull; back shiny
55. Front dull; back shiny
56. Front dull; back shiny
57. Front dull; back shiny
58. Front dull; back shiny
59. Front dull; back shiny
60. Front dull; back shiny
61. Front dull; back shiny
62. Front dull; back shiny
63. Front dull; back shiny
64. Front dull; back shiny
65. Shiny both sides
66. Front dull; back shiny
67. Front dull; back shiny
68. Front dull; back shiny
69. Front dull; back shiny
70. Front dull; back shiny
71. Front dull; back shiny
72. Front dull; back shiny
73. Front dull; back shiny
74. Front dull; back shiny
75. Front dull; back shiny
76. Front dull; back shiny
77. Shiny both sides
78. Front dull; back shiny
79. Front dull; back shiny

. 80. Dull both sides
81. Dull both sides
82. Dull both sides
83. Dull both sides
84. Dull both sides
85. Dull both sides

,i
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DENSITY DETERMINATION

Old material New material

Sample Pellet Sample Pellet Sample Pellet Sample Pellet
No. weight Density No. weight Density No. weight Density No. weight Density

grn gm/cm 3  gm gm/cm3  gm gm/cm 3  gin gm/cm 3

1 5.6425 1.66 43 5.2820 1.55 1 5.3710 1.58 43 5.2494 1.54

2 5.5261 1.62 44 5.5214 1.62 2 5.2880 1.55 44 5.5341 1.63
3 5.6592 1.66 45 5.7782 1.70 3 5.4482 1.60 45 5.7935 1.70
4 5.8154 1.71 46 5.3472 1.57 4 5.6362 1.66 46 5.3453 1.57
5 5.2732 1.55 47 5.2159 1.53 5 5.7527 1.69 47 5.3997 1.59
6 5.7038 1.68 48 5.5017 1.62 6 5.5634 1.63 48 5.3555 1.57
7 5.6872 1.67 49 5.5009 1.62 7 5.7645 1.69 49 5.5773 1.64
8 5.6338 1.66 50 5.5080 1.62 8 5.6316 1.65 50 5.6112 1.65
9 5.4280 1.59 51 5.7702 1.70 9 5.5915 1.64 51 5.4438 1.60

10 5.5742 1.64 52 5.7356 1.69 10 5.3857 1.58 52 5.2669 1.55
1I 4.8269 1.42 53 5.6858 1.67 11 5.4438 1.60 53 5.7112 1.68
12 5.2545 1.54 54 5.7902 1.7 12 5.5270 1.62 54 5.4256 1.59
13 5.4579 1.60 55 5.6427 1.66 13 5.7970 1.70 55 5.5392 1.63
14 5.1646 1.52 56 5.8214 1.71 14 5.4253 1.59 56 5.6992 1.67
15 5.1090 1.50 57 5.5560 1.63 15 5.3248 1.56 57 5.5179 1.62
16 5.9207 1.73 58 5.5080 1.62 16 5.7506 1.69 58 5.8709 1.72
17 5.7042 1.68 59 5.7702 1.7 17 5.7235 1.68 59 5.4619 1.60
18 5.6544 1.66 60 5.7356 1.69 18 5.6989 1.67 60 5.2373 1.54
19 5.6327 1.65 61 5.6858 1.67 19 5.0724 1.49 61 5.4770 1.61
20 5.3973 1.59 62 5.9686 1.75 20 5.6890 1.67 62 5.3718 1.58
21 5.6976 1.67 63 5.3796 1.58 21 5.4439 1.60 63 56840 1.67
22 5.5067 1.61 64 5.6967 1.67 22 5.3330 1.57 64 5.8798 1.73
23 5.3110 1.56 65 5.4854 1.61 23 5.5055 1.62 65 5.7607 1.69
24 5.2868 1.55 66 5.4819 1.61 24 5.4780 1.61 66 5.8211 1.71
25 5.3565 1.57 67 5.5411 1.63 25 5.4692 1.61 67 5.5456 1.63
26 5.7860 1.7 68 5.5449 1.63 26 5.3900 1.58 68 5.4832 1.61

- 27 5.4476 1.6 69 5.7844 1.70 27 5.3195 1.56 69 5.5687 1.64
128 5.4200 1.59 70 5.3522 1.57 28 5.7995 1.70 70 5.5773 1.64
29 5.7243 1.68 71 5.5926 1.64 29 5.6795 1.67 71 5.4971 1.62
30 5.7336 1.68 72 5.5771 1.64 30 5.6989 1.67 72 5.5324 1.63
31 5.3353 1.57 73 5.6308 1.65 31 5.7363 1.69 73 5.5961 1.64
32 5.6735 1.67 74 5.3725 1.58 32 5.3658 1.58 74 5.6128 1.65
33 5.6182 1.65 75 5.6599 1.66 33 5.8227 1.71 75 5.6556 1.66
34 5.9083 1.74 76 5.3918 1.58 34 5.5620 1.63 76 5.5939 1.64
35 5.3836 1.58 77 5.7268 1.68 35 5.3155 1.56 77 5.6813 1.67

36 5.5427 1.63 78 5.4389 1.6 36 5.5297 1.62 78 5.4873 1.61
37 5.6693 1.67 79 5.7032 1.68 37 5.5917 1.64 79 5.4901 1.61
38 5.6100 1.65 80 5.7056 1.68 38 5.6569 1.66 80 5.5213 1.62
39 5.4830 1.61 81 5.3551 1.57 39 5.4227 1.59 81 5.4611 1.6
40 5.4354 1.60 82 5.6982 1.67 40 5.5251 1.62 82 5.6610 1.66

. 41 5.9145 1.74 83 5.2820 1.55 41 5.5989 1.64 83 5.3230 1.56
42 5.4404 1.60 84 5.4432 1.6 42 5.2519 1.54 84 5.4424 1.6
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C0 HEAT OF COMBUSTION

P
Y

C S C COMPUTER SCIENCES CORPORATION

INTEROPPICI CORRSIPONOENCE

to B. Templeton, Manager from R. Ross date 06/26/79
Hazards Range Chemist

subject Test Methods for Parr Bomb Calorimeter _-" " M..

Ref: TWRD ARGGRl/2,7S Rocket Expulsion Charge

I Test Method Summary for Parr Bob Calorimeter

A) General Information:

Number of Tests - 3 on old, 3 on new - Total 6

1. Special Requirements:

Sample is analyzed in the bulk granular state.

2. Apparatus:

Parr Bomb Calorimeter

B) Procedure

1. Standardization A/Z 4S-00 290 -

Conducted per test method 117, 4.11. Standard Benzoic Acid

2. Water Equivalent E - 2491.54

3. Heat of Combustion

Conducted per test method 117, 4.21.

CHG # EXP CHG Wr (GRAMS) + 6 °C Heat of Combustion(Calories/Grm)

20 1.0070 0.762 1885.4
23 1.0192 0.821 2007.02
99A 1.0115 0.828 2059.54 C
72 1.0163 1.202 2946.8 P
73 1.0153 1.198 2939.9 Py
74 1.0121 1.193 2936.8
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AUTOIGNITION/DECOMPOSITION TEMPERATURES

Old sample No. 29 New sample No. 29

Test No. ATA Autoignition Test No. ATA Autoignition

°C °c

1 156.2 138.7 1 150 135.5
2 186 1800 2 150 142.5
3 170.8 160 3 159 152
4 153.75 145 4 162.5 145.5
5 153.2 146 5 156.5 151

164 147 7 155.6 145
a 12.7 7.8 a 4.95 6

Sad test.

Note:

I.-ITA tests completed on the gol material.
2. The decomposition temperature obtained on the old sample varied significantly.
3. ATA tests completed on the new material.
4. The decomposition temperature obtained on the new sample varied significantly.
5. There is a difference between the old and new material; the decomposition temperature for the new

material is approximately 70C lower.

.4
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THERMAL STABILITY

Summary of Thermal Stability Tests - 48 Hours at 75°C

A. Old -a 1.64

Sample Sample Sample Change in Change in
No. weight weight configuration weight

in out

gin gm gn %

10 5.5742 5.2115 None 0.3627 6.51

b. B. New-o= 1.63

Sample Sample Sample Change in Change in
No. weight weight configuration weightin out

gin gin gn %

6 5.5634 5.2661 None 0.2973 5.34

Note:
. Samples were placed in oven at 0200 hours on 16 April 1979 at 75°C.

2. Samples were removed from oven at 0200 hours on 18 April 1979 and reweighed.

A I
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WEIGHT LOSS

Summary of Weight Loss -4-Hour Test at 500C, 18 Inches of Vacuum

A. Old material

Sample Sample weight Sample weight Weight
No. in' after 4 hours loss

gm gi gm %

5 5.2732 5.2319 0.0413 0.78
26 5.7860 5.7385 0.0475 0.82

B. New material

Sample Sample weight Sample weight Weight
No. in out loss

gm gm gm %

2 5.2880 5.2537 0.0343 0.65
31 5.7363 5.7016 0.0347 0.60

Summary of Weight Gain at Ambient Temperature and Humidity

A. Old material

Sample Sample weight Sample weight Weight
No. out oven after 66 hours gain

gm gm gm %

5 5.2319 5.2575 0.0256 0.49
26 5.7385 5.7700 0.0315 0.55

B. New material

Sample Sample weight Sample weight Weight
No. out after 66 hours gain

gm gm gm

* 2 5.2537 5.2742 0.0205 0.3931 5.7016 5.7204 0.0188 0.33
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WEIGHT LOSS (Contd)

Summary of Weight Loss - 48-Hour Test at 50"C and 18 Inches of Vacuum

A. Old material

Sample Sample weight Sample weight WeightNo. in out IOU

m gm gm %

5 5.2575 5.1819 0.0756 1.43
26 5.7700 5.6773 0.0927 1.61

B. New material

Sample Sample weight Sample weight Weight
No. in out loss

gin gin gm %
2 5.2742 5.1817 0.0925 1.75

31 5.7204 5.6276 0.0928 1.62

Summary of Total Weight Loss Combined - 4- and 48-Hour Test at 50*C and 18 Inches of Vacuum

A. Old material

Sample Sample weight Sample weight Weight
No. in out loss

gm gm gm %

5 5.2732 5.1819 0.0913 1.73
26 5.7860 5.6773 0.1087 1.33

B. New material

Sample Sample weight Sample weight Weight

No. in out loss

gin gm gin

2 5.2880 5.1817 0.0858 1.62
31 5.7363 5.6276 0.0899 1.57
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Weight Loss

I. Samples were inserted into the oven at 1100 hours on 13 April 1979 at 50'C and
18 inches of vacuun.

2. Samples were removed at 1500 hours and reweighed - Iota] time. 4 hours.
3. Samples were stored at ambient temperature and humidity for -66 hours and then

reweighed.
4. Samples were inserted into the oven at 0830 hours on 16 April 1979 at 50'( and

18 inches of vacuum.
5. Samples were removed at 0830 hours on 18 April 1979 and reweighed.
6. Results of the 4-hour test indicate that some moisture and/or volatiles were driven olf.
7. The results of the 66-hour storage at ambient conditions indicate an affinity for

moisture.
8. Results of the 48-hour test indicate that additional moisture and/or volatiles were

driven off.
9. The accumulative total or effect of the old versus the new sample material indicates

a difference in the amount of moisture and/or volatiles present between the old
and new material.

.A i
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ELECTRICAL SPARK

Summary of Electrical Spark Tests

A. Old sample No. 29

Test No. Capacitance Voltap level Energy, CVs  Observations

Af v joules

I 1 1,000 0.5 No reaction
2 1 2,000 2 No reaction
3 1 3,000 4.5 No reaction
4 1 4,000 8 No reaction
5 1 5,000 12.5 No reaction
6 1 6,000 18 No reaction
7 1 7,000 24.5 No reaction
8 1 8,000 32 No reaction
9 1 9,000 40.5 No reaction

10 1 10,000 50 No reaction

B. New sample No. 29

Test No. Capacitance Voltage level Energy, jCV2  Observations

f joules

11 1,000 0.5 No reaction
2 1 2,000 2 No reaction
3 1 3,000 4.5 No reaction
4 1 4,000 8 No reaction
5 1 5,000 12.5 No reaction
6 1 6,000 18 No reaction
7 1 7,000 24.5 No reaction
8 1 32 No reaction
9 1 40.5 No reaction

10 1 50 No reaction

Note:
No reaction was noted at a 50-joule energy level for the old material.

2. No reaction was noted at a 50-joule energy level for the new material.
3. Ambient temperature was 750F; relative humidity was 55%.
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FRICTION PENDULUM

Summary of Friction Sensitivity

Old material New material

Steel shoe Fiber shoe* Steel shoe Fiber shoe

No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA
No reaction NA No reaction NA

* Fiber shoe tests are not conducted when there is no reaction from steel shoe results.

.4!
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IMPACT SENSITIVITY

Summary of Impact Sensitivity Data

Old sample No. 22 New sample No. 3

3% Inches 10 Inches 3 Inches 10 Inches
Test No.--- - Teat No. -E D N E D N E D N E D N

1 X X 1 X X
2 X X 2 X X
3 X X 3 X X
4 X X 4 X X
5 X X 5 X X
6 X X 6 X X
7 X X 7 X X
8 X X 8 X X
9 X X 9 X X

10 X X 10 X X

Old density = 5.7217-0.2150 = 5.5067/3.40359 = 1.62 gm/cm3 (polyethylene bag weight sub-
New density = 5.7265-0.2783 = 5.4482/3.40359 = 1.60 gm/cm 3 tracted from total weight !

1. A difference in impact sensitivity is detected - 40% explosion at 334 inch for the old
material versus 80% at the same height for the new material.

2. An attempt is being made to establish the minimum height for a reaction on both samples.

3. The minimum drop height for the gd material is 2 inches = 1.49 joules.

4. The minimum drop height for the new material is 2/4 inches = 1.12 joules.

5. No honest speculation as to the cause of the difference between the two samples as of yet.
Will speculate something when chemical analysis and/or stability test results are in.

-I
6. Reaction legend: E is explosion

D is detonation
N is no reaction

Appendix A 42

t
II r -".. ._ . . n ~rr n"" r' "



SUMMARY OF OPEN-AIR BURN; PRECONDITIONED TO +145 0 F

Old material New material

Sample Sample Density Burn Sample Sample Density Burn
No. weight time No. weight time

gm gm/cm 3  sec gm gm/cm 3  sec

8 5.6338 1.66 0.8 9 5.5915 1.64 0.9

11 4.8269 1.42 1.1 10 5.3857 1.58 0.4

12 5.2545 1.54 0.9 11 5.4438 1.60 0.5

31 5.3353 1.57 1.1 12 5.5270 1.62 0.5

32 5.6735 1.67 1.1 13 5.7970 1.70 0.3

X 5.3448 1.57 1.0 X 5.5490 1.63 0.52

o 0.3060 0.09 0.13 o 0.1425 0.04 0.20

SUMMARY OF OPEN-AIR BURN, NO PRIOR CONDITIONING (AMBIENT)

Old material New material

Sample Sample Density Burn Sample Sample Density Burn
No. weight time No. weight time

gm gm/cm 3  see gm gm/cm3  sec

34 5.9083 1.74 1.5 32 5.3658 1.58 1.2

35 5.3836 1.58 1.5 33 5.8227 1.71 0.9

36 5.5427 1.63 1.6 34 5.5620 1.63 0.8

42 5.4404 1.60 0.9 47 5.3997 1.59 0.8

43 5.2820 1.55 0.9 43 5.2494 1.54 1.0

44 5.5214 1.62 1.1 44 5.5341 1.63 0.6

45 5.7782 1.70 1.5 45 5.7935 1.70 0.5

46 5.3472 1.57 1.5 48 5.3555 1.57 0.4

5.5255 1.62 1.3 X 5.5103 1.62 0.8

0 0.203 0.06 0.28 a 0.20 0.06 0.25
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SUMMARY OF OPEN-AIR BURN; PRECONDITIONED TO -50OF

Old material New material

Sample Sample Density Burn Sample Sample Density Burn
No. weight time No. weight time

gm gm/cm' sec gm gm/cm' sec

50 5.3912 1.58 2.0 60 5.2373 1.54 0.5

51 5.3759 1.58 1.6 61 5.4770 1.61 0.4

52 5.2971 1.56 1.5 62 5.3718 1.58 0.3

53 5.8566 1.72 2.2 63 5.6840 1.67 0.8

54 5.7902 1.70 1.9 64 5.8798 1.73 2.0

5.5422 1.70 1.8 5.5299 1.63 0.8

a 0.2328 0.068 0.3 0.2279 0.07 0.6
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PRESSURE-TIME (-50F CONDITIONED)
Round-by-Round

A. Old material

Sample Sample Density Maximum Maximum Maximum Gas Bum Firing
No. weight pressure rate rims temperature volume time delay

gm gm/cm5  psi psi/sec *C 2/gm mc ms

13 5.4579 1.60 47.87 66.80 373 2.82 0.88 82
46.15 67.54

14 5.1646 1.52 46.81 40.82 251 2.5 1.51 13144.23 37.91

15 5.1090 1.50 47.87 89.76 427 3.27 0.62 17246.15 89.32

28 5.4200 1.59 64.93 187 2.11 1.32 468
44.9 60

45.74 68.61l
18 5.7042 1.66 45.19 661 229 2.17 0.78 23645.19 66.13

X 5.3711 1.57 46.04 65.18 293 2.57 1.02 218

a 0.22 0.06 1.14 16.4 91.1 0.43 0.34 0.35

B. New material

Sample Sample Maximum Maximum Maximum Gas Burn Firing
No. weight Density pressure rate rise temperature volume time delay

gm gm/cm3  psi psi/sec ac /gm sec ms

56.82 252.53
14 5.4253 1.59 55.10 236.14 290 2.08 0.52 68

56.82 252.53
15 5.3248 1.56 264 1.98 0.65 9557.14 274.27

59.09 253.24
24 5.4780 1.61 59.18 257.30 316 2.04 0.53 8959.18 257.30

17 5.7235 1.68 56.82 206.62 316 2.06 0.42 7017 .725 168 55.10 206.63

56.82 166.3018 5.6989 1.67 316 2.07 0.83 10855.10 194.47

X 5.5301 1.62 56.80 230 300 2.05 0.59 86

, 0.16 0.05 1.40 32.7 21 0.04 0.14 15

Appendix A 45

II
.L~-' 4,



PRE88UR&TIME (+ 145*F CONDITIONED)

"Lownd.by-Round
A. Old material

Sample Sample Maximum Maximum Maximum Gas Bum Firing

No. weight Density preoure rate rim temperature volume time delay

S m/cm' Psi psi/sec C 2Iga sec ms

55 556427 1.66 435 2.62 0.36 233
56.25 103.85

56 5.8214 1.71 55.32 115.65 316 1.91 0.63 137
63.54 131.46

57 43.61 66.74 316 2.46 0.65 19057 5.5560 1.63 53.13 83.01

53.19 103.62

40 5.4354 1.60 64.58 122.23 285 1.95 0.75 133

61.78 123.43

41 5.9145 1.74 61.7 123.4 376 1.83 0.68 16641 .915 174 72.92 150.87

X 5.6740 1.67 57.53 108.84 346 2.15 0.61 172

o 0.17 0.05 7.9 23.79 53.6 0.32 0. 13 37

B. New material

Sample Sample Density Maximum Maximum Maximum Gas Bum Firing
No. weight pressure rate rime temperature volume time delay

gin gm/cm s  psi psi/Dec "c R/gm sec ms

35 5.3155 1.56 76.05 414.82 225 1.38 0.31 33
76.14 415.31

80.28 437.89
36 5.5297 1.62 77.27225 1.28 0.47 58

37 67.61 241.46 179 1.33 0.36 60
5.5917 1.64 68.18 243.5

t 38 5.6569 i .66 76.06 325.97 255 1.38 0.31 50
3 75 310.34

39 70.42 338.02 255 1.55 0.24 35
70.45 325.15

"X 5.5033 1.61 73.75 349.4 228 1.38 0.34 47

0 0.12 0.04 4.05 71.14 27.8 0.1 0.08 11.3

JL

Appendix A 46

4,.



PRESSURE-TIME (AMBIENT CONDITIONED)

Round-by-Round
A. Old material

Sample Sample Maximum Maximum Maximum Gas Bum Firing
No. weight Density pressure rate rise temperature volume time delay

gm gm/cm3  psi psi/sec 0C Q/gm sec ms

50 102.04
27 5.4476 1.60 4807 99.46 315 2.47 0.77 144

2 5.5261 1.62 53.19 79.79 - 2.02" 0.54 79
50 75

53.19 78.8
3 5.6592 1.66 50.9 78.4 315 2.24 0.85 13850.96 78.4

51.06 65.18
4 5.8154 1.71 48.08 67.94 162 1.69 1.18 9948.08 67.94

6 5.7038 1.68 54.25 73.98 175 1.67 1.42 271
50.96 72.8

5.6304 1.65 50.98 79.34 242 2.02 0.95 146

o 0.130 0.04 1.98 11.6 85 0.35 0.31 67

B. New material

Sample Sample Maximum Maximum Maximum Gas Burn Firing
No. weight pressure rate rise temperature volume time delay

gm gm/cm3  psi psi/sec 0 C 2/gm sec ms

63.64 318.2
5.3710 1.58 5918 30876 316 2 0.59 86• i59.18 308.76

4 5.6362 1.66 6136363 2.1 0.43 99
59.18 273.14

S61.36 199.01
5 5.7527 1.69 59.18 169.09 339 1.98 0.59 3959.18 169.09

'155.68 133.63
7 5.7645 1.69 54.08 135.2 316 2.09 0.59 94;I54.08 135.2

8 5.6316 1.65 68.18 355.72 411 2.04 0.38 57
65.31 356.74

X 5.6312 1.65 60.72 251.63 349 2.04 0.52 75

0 0.142 0.04 4.03 82.06 35.5 0.05 0.10 23
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TIME FROM INITIATION TO PEAK PRESSURE

Summary of Time to Peak Data from Pressure-Time Tests

Old pellets New pellets

Test Sample Time to Test Sample Time to
No. conditioning peak* No. conditioning peak

ms ms

At Ambient 480 Ambient 200
-24"C 480 D- -24 0 C 190

Ambient 670 Ambient 220
A2 -24 0 C 670 D2  -24 0 C 230

Ambient 660 Ambient 310Amin 6 D3
A3  -24 0 C 650 -24 0 C 350

Ambient 780 Ambient 420A4  -24 0 C 750 4 -24 0 C 400

Ambient 730 Ambient 190
A5  -24 0 C 750 D5  -24 0C 180
B1  62°C 580 62Oc 180

530 E1  180

B, 620C 480 180
480 E2  620C 180

B 62oC 650 280
3  640 E3  62°C 280

B4  620C 510 E4  62C 230
530 240

B5  620C 500 E5  620C 210• ,i480 220

Ci -45.6 0C 720 F 1  -45.6 0 C 230
680 230

C, -45.60C 1140 210
1160 F2  "45"60C 230

C3 -45.6 0 C 520 -45.60  230
500 F3  230

" C4  -45.6°C 700 280,5 710 F4  -45.60C 270

C5  -45.6 0 C 670 340
680 F5  -45.6 0 C 280

Values are from two different strain-gage-type pressure transducers connected to the pressure vessel from a
common "tee" at 900 angles.
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C MOISTURE CONTENT
0

o I- ...er from .Rc dt
Hazart.S Range Chemist

subject Test Methods for Parr Bomb Calorimeter and Moisture page 2

Content

II. Test Method Sunmmary for Moisture Content

A) Number of Tests: 6

B) Analysis Method: Karl Fischer Titration

C) Sample is analyzed in the bulk granular state.

D) Extraction solvent 70% Chloroform and 30% Methanol.

E) Extraction solvent volume 125 ml

F) Relative Humidity = 44% Temperature 740F

F) Sample was soaked for 3 minutes prior to titration
analytical note.

The water content of the extracting solvent was blanked out
by Karl Fischer reagent. By subtracting out the water content
of the solvent the water content of the sample is obtained by
titrating the solvent + sample to an endpoint.

The moisture measurements are based on Karl Fischer Titration,
in which the reagent reacts quantitatively with water in the
sample to give a chemical change (titration endpoint) that is
detected amperometrically.

H) Instrument: Beckman KF4B Aquameter

I) Standardization

Standardize with standard water - the water equivalence of STD
H20 is in milligrams/milliliter (I ml SIM H20 = 1 mg H20).

The water equivalence of Karl Fischer is determined as follows:

F = A X B/T
F = Water Equivalence of Karl Fischer reagent in mg/ml

4 A = Milliliters of STD H20 used
B Water Equivalence of STD H20T = Milliliters of Karl Fischer reagent required for

titration
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to B. r"e-pleton, Nbanager from R. Ross date 06/26/79
Hazards Range Cheis t

subject Test Methods for Parr Bomb Calorimeter and Pago

Moisture Content

Run #1 F - (lmgH2D/1 ml SrD H20) (10 ml STh H20)/6.S9gll K

Rm#1 F - 1.517

Rum #2 F - (lmgH2 0/1 ml STD H2 0) (10 ml SrD H20)/6.S1ml KF

Run #2 F - 1.536

Avg. Titer F - 1.53

X7 Water Determinations

H20 ppm - (CF x 106 )/W
Molar

C - Milliliters of Reagent (Karl Fischer) required to reach an endpoint

F - Water equivalence of Karl Fischer Reagent in mg/mi

106 = Factor for converting to parts per million

W - Weight of sample in milligrams

CHG # Weight (mgs) ml KF Reagent H2 0 Content ppm

33 old 1001.3 2.87 4.38 x 103

23 old 1019.2 3.62 5.43 x 103

99A old 1011.5 3.75 5.67 x 103

72 new 1016.3 1.53 2.30 x 103

73 new 1014.2 1.38 2.08 x 103

74 new 1012.1 1.02 1.54 x 103

CSC o
~P
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APPENDIX B

DRAWING AND TABLES OF CHARACTERISTICS
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TABLE OF CHARACTERISTICS

NOMENCATURE M446 Expulsion Charge b.

COMPOSITION: SENSITIVITY:

Inyredienu: Pens bywt

M9 Propellant 71.8 CardGap: N/A

Black Powder FF6(Ml2-P-223) 7.0 Dl /
Nitrocel Cement 14.2Deoain N/

Potassium Chlorate/Baron ElectriclSpark >~ 50j--
(82.82/17.18) 7.0

Electrostatic.

Minimum Concentration N/A 01 1'
Minum Energy j P

DRAWING NUMBER: 65100FrictionNoratn

PARAMETRIC: Fiber shoo N/A
Other

Auto Ignition Temperature

147 'c Ignition & Unconfined Burning
Density Espioided Ill-,

8wi Denstv Vem3 S-noieCuibs N/A y N/A N N/A sec

Lood-g Det"Ity I 63icm
3  

M,,i,p.e Cu~bs y Nse

Decomposition Temp
T Nimpact Sensitivity

Gal Volume BoM N

BlciPwG PA
meat of Combustion 2.25 + 0.44 1/g 8.E 2N

cal;
Heat o Reacton Impingement

RlectlOltltlv

oMn, Ec OUTPUT:

TRAWING NUMEl Frictionw

%N ts - lst Burn Time

Water Reaictivity, Dons, t 1.5 7 gicm 0. 62 sac'-
'H70. d ",C Densitv 1.65 g'cm~l 0. 31 sec c,cr

Fuel; 0Qxidizer Ratio Donaryv g/cm
3  "c c-'

ST ABRILITYV Critical Diameter

Hygitcnpicity 95 %Critical HeightAII

oDetonation Propagation I

is r0 .52 Vwt

1I iocey Unisen

Vismac Stiy Res
4

, Presaure Time

'8 "al St i bti T.i to Peak 0.44 h/5 17

Lo,%-. h.51 % Higth ( xplosv@ E quivalency

Cmnqp .n C~ng.,o.None P A methmn

F a. A.CPPite Snn,

1.33w

Wcqht Losa C osed Chrin mo
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TABLE OF C)LRACTERISTICS (Contd)

APPLICATION & ACCEPTANCE: USE:Expulsion charge for WOR-4A/A

Luminous Output:

N/A ioade
Efficiency:

N/A kidocandlewclg

Colorimetry:
c o o rdg n at t

y coord,.., N/A\ int

Putv STORAGE:
Burn Time: Method: Lry

0.86 0. 34 ecN
,,_________________________NATO DaD If

APPLICATION: Howad Cau (O1D) 1.1 7

Expulsion charge Compab,v C A

METHOD BLENOEO: METHOD LOADEOPressed into 3.02 gm dia
by 0.48 cm high pellets cured for 24

Wet blend hours wt - 5.9 ±0.45 after cure, then
sealed in moisture nrnof container.

REFERENCES/NOTES:

A i
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TABLE OF CHARACTERISTICS (Contd)

NOMECLAURE Expulsion Charge M446 4011112t

COMPOSITION: SENSITIVITY:

Ingredients: Parts by wt.
M9 Propellant 71.8 Card Gap: N/A
Black Powder FFFG (MIL-P-223) 7.0
Nitrocel Cement 14.2 Detonation: N/A
Potassium Chlorate/Baron

(28/71)7 .0 Electrical Spark: >50 Joul"

Electrostatic:
minimum Concentration N/A -1l0

Minimum Energy Jouies

DRAWING NUMBER: 65CII050 Friction:
Steel Shoe No reaction

PARAMETRIC: Fibsr Shoe N/A
Other

Auto Ignition Temperature:

145 *C ignition & Unconfined Burning.
Density. ExplodedB

Bulk Density gi Single Cube y N/A N N/A e

Loading Density 1.63 o/cmi Multiple Cube y N s

Decomposition Temp.:

156 *C Impact Sensitivity:

Gas Volume: Bom

1.82 ± .33niig PA
Heat of Combustion: BoE 21,

calig
Heat of Reaction: Impingement:

Calig N/A ""

Resistivity

ohm-cm OUTPUT:
Thermal Conductivity:

Witis/ci-i degree Burn Time:

Water Reactivity: Density 1. 55 g/Cm3 1 . 59 sec./cr

ml H420 Added/ A*C Density 1 .64 g/cm 3  0.5 sec /c-

Fuel/Oxidizer Ratio: Density glcrn sec /c11)

STABILITY: Critical Diameter:

Hygroscopicity Critical Height
95

90 %Detonation Propagation,

75 0.36% W

50 %ess *

V~~ vecr

Vacuum Stability e'i

ml/qas/4O hr Pressure Time@

Thermal Stability: iT.-e to' Pea

75a 48 Hrs Tn o ~ i~C *I

Loss ... wt 5 . 347 High Explotive Equivalencv

Chanqe in Cotitiqutation P A MethMd
Free Ar P.,pe Bomb

Wright Lots Ciosed Cham.r,

1.57 % I____________________
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TABLE OF CHARACTERISTICS (Contd)

APPLICATION & ACCEPTANCE: USE:
Expulsion charge for WDU-4A/A

Luminous Output:

Efficiency: 
N/ ioade

N /Akiocndeec/9
Colorimetry:

x Coordinat

y coordinate N/A
X~ Inm)

Purity STORAGE:
Burn Time: Method: Dry

0.4± ~NATO DoD

APPL ICATION: Hazad Ciau (O/D) 11 7
Expulsion charge

comptirbility G A

METHOD BLENDED: METHOD LOAED:pressed into 3.02 cm dia
)y 0.48 cm high pellets cured for 24 hrs,

Wet: Blend ft-5.9 ±0.4 oz after cure, then sealed it

REFERENCES/NOTES:
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DISTRIBUTION LIST 8

Names Copies Names Copies

CHEMICAL SYSTEMS LABORATORY DEPARTMENT OF THE ARMY

SAFETY OFFICE HQDA (DAMO-NCC)
ATTN: DRDAR-CLF 1 WASH DC 20310

AUTHOR'S COPIES: Munitions Division I Federal Emergency Management AgeacY
Office of Mitigation and Resaerch

CB DETECTION & ALARMS DIVISION ATTN: David W. Bensen
ATTN: DRDAR-CLC-C I Washington, DC 20-472
ATTN: DRDAR-CLC-E 1

Deputy Chief of Staff for Research,
DEVELOPMENTAL SUPPORT DIVISION Development A Acquisition

ATTN: DRDAR-CLJ-R 3 ATT7N: DAMA-CSS-C
ATTN: DRDAR-CU-L 3 AMT: DAMA-ARZ-D
ATTN: DRDAR-CUJ-M I Washington, DC 20310
ATTN: DRDAR-CUJ-P I

ENVIONMNTA TEHNOLGY IVIIONDepartment of the Army
ENVIONMNTA TEHNOLGY IVIIONHeadquarters, Sixth US ArmyATTN: DRDAR-CLT I ATT'N: AFKC-OP-NBC
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ATTN: DRDAR-CLN 1 US Army Research and Standardization
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PHYSCAL ROTETIONDIVIIONATTN: DRXSN-E-SC (LTC J.M. Dorrance)ATTN: DRDAR-CLW-C 1 Box 65, FPO New York 09510

ATTN: DRDAR-CLW-P I
HQDA (DAMI-FIT)

RESEARCH DIVISION WASH, DC 20310
ATTN: DRDAR-CLB-C 1
ATTN: DRDAR-CLB-P I Commander
ATTN: DRDAR-CLB-PO 1 HQ 7th Medical Command
ATTN. DRDAR-CLB-R 1 ATTN: AEMPM
ATTN: DRDAR-CLB-TE I APO New York 09403

SYSTEMS DEVELOPMENT DIVISION OFFICE OF THE SURGEON GENERAL
ATTN. DRDAR-CLY-A 1
ATTN: DRDAR-CLY-R I Commander
ATTN: DRDAR-CLY-T I Biomedical Laboratory

ATTN: SGRD-UV-L
DEPARTMENT OF DEFENSE Aberdeen Proving Ground, SID 21010

Defense Technical Information Center US ARMY HEALTH SERVICE COMMAND
ATITN: DTIC-DDA-2 12

Cameron Station. Building 5 Superintendent
Alexandria, VA 22314 Academy of Health Sciences

US ArmyDirector ATTN: HSA-CDH
Defense Intelligence Agency ATTN: HSA-IPM

ATT'N: DB-4G1 1 Fort Sam Houston, TX 73234

Washngtn, D 200 IUS ARMY MATERIEL DEVELOPMENT AND
Special Agent in Charge READINESS COMMAND
ARO. 902d Military Intelligence GP

ATTN. IAGPA-A-AN I Commander
Aberdeen Proving Ground, MD 21005 US Army Materiel Development and Readiness Command

ATTN: DRCLDCI
Commander ATTN: DRCSF-PI.4SED, HQ. INSCOM 5001 Eisenhower Ave

ATTN: IRFM-SED (Mr. Joubert) I Alexandria, VA 22333
l-ort Meade. MD 20755
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DISTRIBUTION LIST 8 (Contd)

Names Copies Names Copies

lDrector US ARMY TRAINING & DOCTRINE COMMAND
Human I'ngineering Laboratory

ATN: DRXHE-SP (CB Defense Team) I Commandant
Aberdeen Proving Ground, MD 21005 US Army Infantry School

ATFN: NBC Division
Commander Fort Benning, GA 31905
US Army Foreign Science & Technology Center

ATTN: DRXST-MT3 I Commandant
220 Seventh St., NE US Army Missile & Munitions Center & School
('harlottesvlile, VA 22901 A'TN: ATSK-CD-MD

ATTN: ATSK-DT-MU-EOD
Director Redstone Arsenal, AL 35809
US Army Materiel Systems Analysis Activity

ATTN: DRXSY-MP I Commander
ATTN: DRXSY-T (Mr. Kaste) US Army Logistics Center

Aberdeen Proving Ground, MD 21005 ATTN: ATCL-MG
Fort Lee, VA 23801

C'ommander

US Army Missile Command Commandant
Redstone Scientific Information Center US Army Military Police and Chemical

ATTN: DRSMI-RPR (Documents) Schools/Training Center and Ft McClellan
Redstone Arsenal. AL 35809 ATTN ATZN-CDM

Fort McClellan, AL 36205Director

DARCOM Field Safety Activity Commander
AT TN: DRXOS-C I US Army Infanty (enter

Chdrlestown, IN 47111 ATTN: ATSH.CD-MS-C
Fort Benrung, GA 31905

US ARMY ARMAMENT RESEARCH AND

DEVELOPMENT COMMAND Commander

US Army Infantry Center
Commander Directorate of Plans & Training
LIS Army Armament Research and Development Command ATTN: ATZB-DPT-PO-NBC

AT-TN: DRDAR-LCE-C I Fort Benning, GA 31905
ATTN: DRDAR-LCU-CE I
ATTN DRDAR-PMA (G.R. Sacco) 4 Commandant
ATTN: DRDAR-TSS 2 US Army Chemical School
A rTN DRCPM-CAWS-AM I ATTN: ATZN-CM-CDM
ATTN. DRCPM-CAWS-Si I Fort McClellan. AL 36201

Dover. NJ 07801
CommanderI'S ARMY ARMAMENT MATERIEL READINESS COMMAND USA Training & Doctrine Command

AITN: ATCD-Z
Commander Fort Monroe, VA 23651
LIS Army Armament Materiel Readiness Command

A'VI N DRSAR-ASN I Commander
* ATTN. DRSAR-IRC I USA Combined Arms Combat Development Activity
* ATTN: DRSAR-PE I ATTN: ATZLCA-COG

ATTN. DRSAR-SF I Fort Leavenworth, KS 66027
ATTN. DRSAR-SR I

Rock Island, IL 61299 US ARMY TEST & EVALUATION COMMAND

Commander Commander
USA ARRCOM US Army Test & Evaluation Command

ATTN SARTE I ATTN: DRSTE-CT-T
Aberdeen Proving Ground, MD 21010 Aberdeen Proving Ground. MD 21005
Commander
IUS Army I)ugway Proving (;round

ATTN. Technical Library. Docu Sect
iiugwa>. IT 84022
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DISTRIBUTION LIST I (Contd)

Names Copies Names Copies

DEPARTMENT OF THE NAVY OUTSIDE AGENCIES

Commander Battelle, Columbus Laboratories
Naval Explosive Ordnance Disposal Facility ATTN: TACTECI

ATT'N: Army Chemical Officer, Code AC-3 1 505 King Avenue
Indian Head, MD 20640 Columbus, OH 43201

Chief, Bureau of Medicine & Surgery Director
Department of the Navy Central Intelligence Agency

ATTN: MED 3C33 I ATTN: ORD/DD/S&TI
Washington, DC 20372 Washington, DC 20505

CommnderADDITIONAL ADDRESSEES
Naval Weapons Center

ATTN: Technical Uibrary/Code 343 1 Commander
China Lake, CA 93555 US Army Armament Research and Development Command

ATTN: DRDAR-FUI
US MARINE CORPS ATTN: DRDAR-LCN-M 3

Dover, NJ 07801
Director, Development Center
Marine Corps Development & Education Command Commander

A1TN Fire Power Division 1 US Army Missile Command
Quantico, VA 22134 ATT'N: DRSMIOUR 3

DFPARTMENT OF THE AIR FORCE Rdtn reaA 50

IIQ Foreign Technology Division (AFSC)
ATTN: TQTR I

Wright-Patterson AFB, OH 45433

Commander
Aeronautical Systems Division

ATTN: ASDIAELD
Wright-Patterson AFB, OH 45433

H-Q, AFSC/SDNF I
Andrews AFB, MD 20334

[IQ AMD/RDI
ATTN: Chemical Defense OPR

-t Brooks AFB, TX 78235

IIQ AF1SC,'SEV I
Norton AFB, CA 92409

NORAD Combat Operations Center/DOUNI
* Cheyenne Mtn Complex, CO 80914

Air Force Aerospace Medical Research Laboratory
ATTN: AFAMRL/HE (Dr. C.R. Replogle) I

Wright-Patterson AFB. OH 45433

IIQ AFTEC/SGBI
Kirtland AFB, NM 87117
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