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1. INTRODUCTION

Methods have been and are being sought to increase the lethality of a kinetic energy (KE) tank
round. One approach is toincrease the rod’s velocity by increasing the energy available to the round.
This is most readily accomplished, at least in principle, by increasing the energy of the propellant.

The propellant of choice in several prior tank ammunition applications has been JA2. It is made
from nitrocellulose (NC), nitroglycerine (NG), and diethylene glycol dinitrate (DEGDN) in relative
amounts of roughly 60%, 15%, and 25%, respectively. JA2 has a nominal impetus of 1150 J/g, as
computed from the BLAKE code.! To increase the energy, cyclotrimethylenetrinitramine (RDX)
has been added to JA2 during manufacture. 3 The computed increase in the impetus, flame
temperature, and the chemical energy, which is the impetus divided by (y- 1), is given in Table 1.
The common, generic name for JA2 propellant with RDX added is JAX. A common name for a
specific amount of RDX added to JA2, say B%, is 2RB. For example, 10% RDX added is given the
designation 2R10. This is the nomenclature used in Table 1.

JAX has been made with nominal RDX additions ranging from 6.5 to 30% by weight. The RDX
used in the earlier manufacture of JAX was fluid energy milled and had particles with a mean
diameter? of 7.5 um. The more recent manufacture used nominal 4-um recrystallized RDX from
Dupont Corporation.> The JAX referred to in this report is generally the earlier manufactured
material. For the same propellant formulation, more stick propellant than granular propellant can be
placed into a fixed volume gun chamber; thus, the JAX had been made in both granular and partially
cut stick (PcS) geometries. The sticks were kerfed, or cut part way through at selected linear intervals
along the stick, to relieve the internal pressure when the propellant began burning.

Performance increases were realized.? However, the response of JAX to the unplanned stimulus
of a shaped charge jet was violent, approaching, or, in some cases, perhaps sustaining a detonative
event. Because JA2 itself usually just burns in such tests, the violent response was not anticipated.
In addition, other propellants, e.g., XM39 and M43, have been formulated with several times the
RDX loading of the JAXs and in similar tests, they responded less violently to the shaped charge

Table 1. BLAKE Computations for JA2 and Selected JAXs

Formula Impetus Flame Temp Impetus/(y-1)
J/g K g

JA2 1153 3448 5130
2R6.5 1168 3489 5194
2R10 1175 3509 5225
2R12 1179 3520 5240
2R16 1187 3541 5273
2R17.5 1189 3548 5283
2R20 1194 3560 5302
2R30 1209 3602 5367




attacks.* Thus, the question is raised: what happens to the JA2 when the addition of even small
amounts of RDX is observed to change the vulnerability response from burning to detonative?

In an effort to address this question, several test results are reviewed. First, the mechanical
fracture response of JAX relative to JA2 is discussed. Second, the results of a number of vulnerability
tests that demonsi-ate the different vulnerability responses of JAZ and JAX are reviewed. Third, JAX
is characterized by the now standard propellant characterization techniques,’ the results were not
anticipated and their interpretation consumes the latter half of this report.

2. THE FRACTURE RESPONSE OF JAX

2.1 Mechanical Response Testing.

Three lots of JAX propellant were produced in 1985 and had fracture response evaluations
performed with methods that were in use during that period.5 78 9 The mechanical parameters
reported are the results of those tests. These results have been shown to agree with results gathered
from improved procedures and equipment st 2quently developed to expand the scope and quality
of fracture response measurement. Tl - section is based on an unpublished technology transfer
report.!®

Two methods of fracture evaluation were used to characterize the JAX materials. The first was
the drop weight mechanical properties test (DWMPT)® 7 that provides high-rate, uniaxial, compres-
sive loading to individual grains from which the propellant modulus, failure stress, failure strain, etc.,
are determined at various temperatures (-50° C to 60° C). These parameters are illustrated in
Figure 1. This test characterized the uniaxial response of standard test grains and can indicate
fracture response differences in materials. The second method was the gas gun impact test (GGIT)?-?
with surface area analysis performed using the damaged grains. In this latter test, a single grain is
damaged by a single impact at a controlled velocity, orientation, and temperature. After several
grains are damaged, the grain and any of its shards are collected and burned in a small closed bomb.
The pressure-time data is reduced using burning rates established for undamaged grains. From this,
asurface area vs fraction burned profile is generated that reveals the nature and degree of the fracture
damage suffered during impact, as shown in Figure 2. The fracture susceptibility is quantified by
summing the difference between the damaged-grain fracture profile and the profile predicted for the
undamaged grain, which is represented by the shaded area in the plot. These two procedures provide
mechanical and fracture response information that can be used to indicate propellant fracture
susceptibility.

DWMPT and GGIT procedures were performed using JAX propellant under conditions similar
to those used for previously tested JA2 propellant. DWMPT procedures were conducted at 20, -10,
and -32° C at a strain rate of about 200 s'. Modulus, failure stress, and failure strain vs temperature
results are shown in Figure 3. The JA2 results (solid diamonds) are connected by a smooth curve.

The JAX data in Figures 3a and 3c tend to lie on or above the JA2 line. Also, the JAX data tend
to be ranked at a given temperature, the larger values corresponding to specimens with more RDX
filler.
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The JA2 failure strain curve of Figure 3b
decreases in both directions from 0° C. In the
lower-temperature direction, the increased brittle-
ness causes failure at lower strain; in the higher-
temperature direction, the rapidly increasing soft-
ness causes plastic failure, also at lower strain.
(Results from dynamic mechanical analysis'!
indicate that glass transition occurs at or slightly
below -20° C. See Figure 4.)

Figure 3b shows that the JAX propellants do
not soften as JA2 but maintain a brittle character
over the temperature range tested. 2R10 and
2R20 exhibit similar slopes, while 2R30 has a
much shallower one. Again, the magnitude of the
strain at failure tends to be ranked with the level
of RDX filler used in the JAX. Looked at another
way, the addition of the RDX filler reduces (or

Loss Modulus
087 Byrmm - 048
7 0.7 046
S 06- [ 044
2 ' 042 o
2 05- I -
® ; -040 3
2 04+ i
g ] - 0.38
037 - 0.36
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Figure 4. DMA Data for JA2 Which Indicate
Glass Transition Temperature Region

possibly eliminates) the gross thermoplastic-flow characteristics of the JA2 propellant at higher
temperatures and exiends the brittle characteristics of the JAX into the higher temperature regimes.

The GGIT procedure was carried out at three velocity-temperature matrix points for the three
JAX formulations. For JAX propellant at -20° C, grain fracture was observed to begin at about
110 m/s, so velocities of 90 and 120 m/s were chosen as two of the matrix points. At-30° C, the third
matrix point was selected. Theresults of these tests and ones previously completed for JA2 are shown
in Figure 5. The total deviation (defined earlier, see Figure 2) is an arbitrary scale that measures the

12009
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Figure 5. Total Deviation vs Impact Velocity for Gas Gun Impact Test
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degree that the damaged grain surface-area profile deviates from the profile predicted forundamaged
grains. Closed bomb results for undamaged grains, when subject to this analysis, produce total
deviations that average about 45 with a range between 30 and about 100. Significant grain fracture
is thought to have occurred when values near 200 result. The comparison of fracture damage and
fracture susceptibility via the total deviation is made by noting differences in this parameter at similar
impact conditions.

Figure 5 shows several things that are evident:

1) As the RDX content of the JAX increases, the fracture susceptibility in-
creases.

2) The fracture susceptibilities of the 10% and 20% RDX compositions of JAX
are similar to each other and comparable to JA2. (The shaded area indicates the
range of JA2-like behavior.)

3) The 30% RDX composition has a significantly greater fracture susceptibility
than JA2 at both -20 and -30° C.

4) These results are self-consistent and consistent with DWMPT results.

2.2 JAX Fracture Response Conclusions.

The mechanical properties and fracture response of JAX were measured under conditions that
were thought to show the greatest differences between JA2 and JAX. Measurements showed that
at RDX levels near or below 20%, JAX mechanical response was not significantly different from
JA2, and may, in fact, have been slightly better (see Figure 5a). At RDX levels near 30%, the
DWMPT mechanical response indicated the increase in brittleness would result in the creation of
significant fracture-generated surface. This observation was confirmed in GGIT fracture suscepti-
bility tests. JAX with 30% RDX had significantly greater fracture-induced surface area than did JA2,
2R10, or 2R20 under similar impact conditions.

These tests indicate that JAX propellant up to an RDX content of about 20% should not suffer
worse fracture-related performance loss or vulnerability susceptibility than JA2, as long as the stress
environments are equivalent. At RDX levels of 30% and greater, JAX can be expected to have
significantly worse fracture-related performance and vulnerability responses than does JA2 under
the conditions in these experiments. This does not say that a JAX propellant cannot be designed to
give satisfactory performance under normal interior ballistic conditions. However, when conditions
deviate from normal (such as localized ignition at low temperature, or shaped-charge jet interaction)
and grain fracture occurs, a JAX propellant can be expected to have a more severe fracture response
than JA2. Since JA2 has been shown to be a thermoplastic elastomer with time-temperature
equivalence,!? failure strain results indicate that as the strain rate of the deformation increases, the
divergence in mechanical response between JA2 and JAX should increase. Thatis, as the interaction
rates increase, JAX should show an increasingly greater level of brittle response when compared to
JA2 (see Figure 3b).
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3. VULNERABILITY TESTS: DESCRIP-
TION AND RESULTS

Several vulnerability tests had been performed
using these early JAXSs as the test propellant. In
this section, these tests and their results are out-
lined in rough chronological order: 1) the
Primacord shock initiation test, 2) the air blast
test, 3) the shock velocity test, 4) the impulse
pendulum test, and S) the staged compartment
test.

3.1 The Pri | Shock Initiation T

This test has been designed to rank new propel-
lant formulations by their relative response to
explosive shock initiation. Itis a simple “go™ or
“no-go” screening test designed toeliminate those
propellants with a demonstrably poor vulnerabil-
ity response.

Figure 6 shows a schematic of the Primacord
shock initiation test setup. A 250-mm section of
a 120-mm combustible case is filled halfway
with granular propellant. A predetermined length
of Primacord, with a mass of about typically
32 g,iscoiled and placed on top of the propellant
bed. A short length of cord extends through the
wall of the case to accommodate the igniter. The
case is filled to the top with propellant thatis held
in place by sealing the case with gun tape. The
case is placed on a 305-mm by 610-mm section
of 10-mm rolled homogeneous armor (RHA)
plate supported by two plates of 51-mm RHA
which, in turn, rest upon a large 51-mm section of

RHA (not shown). The Primacord is ignited and the propellant reacts. If the 10-mm support plate
is destroyed, a detonative event is indicated and usually indentations can be found in the base plate.?

These tests indicated a violent response for 2R30 and mild responses for 2R10 and 2R20.2 These
results are consistent with the findings of the fracture response tests of JAX discussed in Section 2.
The JAX formulation 2R30 was eliminated from further consideration.

3.2 The Air Blast Test.

A schematic of the test configuration for the air blast measurements is found in Figure 7. An
81-mm BRL precision shaped charge jetis conditioned by a25-mm RHA plate at a distance of 2 cone
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diameters (CD). (This standoff distance has been selected because the jet is thought to have well-
defined characteristics [for example diameter, velocity, andlength] at this distance.) The conditioned
jetproceeds through and interacts with the propellant. The shock wave produced by the jet-propellant
interaction is detected by in-ground pressure gages that are located along radii 45° on either side of
the jet center line. The pressure gages are situated in lead shields sunk into ground. The entire test
area had been graded and leveled. The data consists of time of arrival of the shock and the pressure
measured ata given location. For comments on the difficulty of obtaining reliable data from this type
of test, see Reference 13.

Table 2 shows data for an inert material, JA2 in both granular and PcS geometries, and a number
of JAXs. The upper section of this table refers to the data taken at the 3.0-m locations while the lower
section refer to those data taken at the 6.1-m locations. The left most column identifies the Range
10 shot number; the second and third columns identify the propellant used; the fourth and fifth
columns tell the geometry (granular or partially cut stick) and the perforation (7 or 19). The sixth
column shows the weight of each propellant in kilograms. The next columns display the results.
Pressure values measured along the left (L) and right (R) legs, as well as the average (A) of both legs
are show in columns 7, 8 and 9, respectively, in Table 2. The right most column shows the average
arrival time of the shock.

Figures 8 and 9 graphically display the average air blast results for the different propellants. The
JA2 responses are slightly greater than the inert material response. On the other hand, the JAXs give
a more violent response.

Figures 10 and 11 show the air blast arrival times. The inert material exhibits the longest times
(i.e., slowest shock wave, which in this case must be due only to the shaped charge jet itself). The
arrival time for the JA2 propellants is slightly faster. The JAXs, however, all show significantly
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Figure 10. Air Blast Arrival Time
at3.0m

faster arrival times, again indicative of a more
violent reaction.

3.3 The Shock Velocity Test.

Figure 12 shows a schematic of the shock
velocity test.! 15 An 81-mm BRL precision
shaped charge is aimed at the center of the box of
propellant. The shaped charge is fired, the jet is
formed, and is conditioned by 51 mm of RHA. It
thenstrikes the trigger plate and interacts with the
propellant within the wooden box. Any residual
jet is captured by the stack of RHA blocks. Ata
position 80 mm from the upper surface of the
catcher blocks, the upper surface of the third
RHA block was indexed to obtain a measure of
the actual center-line of the jet. The 2R16
19-perforation stick JAX was broken at the kerfs
to provide “grains” with an L/D about unity.

The wooden propellant box is made 250-mm
square and 80-mm deep. In the vertical center
plane of this box (i.e., 40 mm below the trigger),

o e el
33&::53:;3
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= 5 8 8 §8 8

Figure 11. Air Blast Arrival Time
at6.1 m

81-mm Shaped Charge

Conditioning Block

Zero Time Trigger
Propellant Box

Index Block

Catcher Blocks

Figure 12. Schematic of the Shock
Velocity Experiment




Table 3. Shock Velocity Coefficients

Shot Propellant Lot A B C
Number Name Number
16 INERT WEP -10.50 0.35 25.70
17 INERT WEP -6.19 0.21 16.40
36 2R16 HCL-87A-010-002 7.39 0.08 -10.60
41 JA2-19p RADPE-792-11 -6.41 0.22 17.30
43 JA2-19p RADPE-792-11 -7.61 0.26 19.60
44 JA2-19p RADPE-792-11 -6.97 0.24 18.50

eight sacrificial microphones are positioned at progressively increasing radii from the center (see
Figure 13). The microphones are located on radii 28 mm to 102 mm from the center of the box. The
shock front from the propellant-jet interaction passes through the propellant bed and is sequentially
detected by the microphones. Since the location of each microphone is known, the basic data consists
of time of arrival of the shock front vslocation. Differentiation provides velocity vs time information.

Table 3 identifies the lot numbers for several propellants, their shot numbers, and their

coefficients in the empirical formula:

shock velocity (km/s) = A + Bd*%5 + Cd-025,

©)
, 1 8 |30

2 3 |30
3 8 |30
4 6 |27
5 0 |240
6 %0 [210
7 % |15
8 102 120

Figure 13. Schematic of Microphone Locations

1

Equation (1) has been used to compute the infor-
mation in Table 4 for shots 16,17,36,41, 43, and
44. The average of shots 16 and 17 (the inert
shots) and the average of 41, 43, and 44 (the JA2
shots) are also shown in Table 4. The sigma
column is the standard deviation of the three JA2
shots.

Figure 14 shows the shock velocity of the
average inert, the average JA2 and the 2R16
plotted against distance from the center of the
box. The inert material and JA2 propellant show
a shock with monotonically decreasing velocity.
By contrast, the 2R16 JAX exhibits an accelerat-
ing velocity with distance. These results clearly
indicate that the response of the JAX is more
violent and of a different nature than the response
of the JA2.
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Table 4. Shock Velocities (km/s) as a Function of Distance

Shots
Distance 16 17 Average 36 41 43 4 Average | Sigma
(mm) 16,17 41,43, 44
20 321 2.50 285 2.75 275 282 2.85 2381 0.05
30 240 1.96 2.18 3.30 2.18 2.18 224 220 0.04
40 1.93 1.66 1.79 3.69 1.86 1.82 1.89 1.86 0.04
50 1.63 1.46 1.54 397 1.64 1.60 1.67 1.64 0.04
60 1.4 1.33 1.38 421 1.50 144 1.54 1.49 0.05
70 1.31 1.23 1.27 440 141 133 142 1.39 0.05
80 1.22 1.17 1.19 4.56 1.34 1.26 1.36 1.32 0.05
90 1.16 1.12 1.14 471 1.28 1.22 1.32 1.27 0.05
100 112 1.10 111 484 1.26 1.18 128 1.24 0.05
3.4 The Impulse Pendulum Test.

Figure 15 shows a schematic of the impulse pendulum test apparatus.!® In this test, propellants
are placed in a cardboard shipping container, nominally 150 mm in diameter and 520 mm long. The
attack path is diagonally through the center of mass of the propellant and placed ataconvenient angle
(but constant) so that the jet will miss the pendulum bob. The attack is by unconditioned bare Viper
placed 2 cone diameters away from the propellant charge. The shock wave, produced by the
interaction of the Viper’s jet and the candidate propellant, impinges upon the nearby pendulum bob
of massive weight. The distance between the propellant tube and the pendulum face is 305 mm. The
displacement and the period of the pendulum are measured directly and the total impulse delivered
to the pendulum is calculated from the following formula:

4<

Velocity (km/s)

® JAX2R16

A JA219p
8 Inen

0 20 40 60 80 100 120

Distance (mm)

Figure 14. Shock Velocity Data for
JA2 and JAX
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Impulse = 2x [Mass x Displacement/Period].
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Measurements:
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(3200 kg)

Figure 15. Schematic of the Impulse
Pendulum Test




The contribution of the shaped charge itself is determined by shooting into a cardboard container
filled with sand. This contribution is small and subtracted from the calculated impulse to obtain the
impulse due to the jet-propellant interaction alone. Results are ranked in a relative fashion.

Table 5 identifies the propellant, the shot number, and the netimpulse in N-s. The table is divided
according to whether the weight of propellant tested was 2.3 kg or greater than 2.3 kg. Figure 16
shows the results for the 2.3-kg tests. Again, it is evident that 2R20, either in the granular or stick
geometry, exhibits a greater response than the JA2. The results in Figure 17 are even more dramatic.
Here JA2 at the 7.3-kg and 10-kg levels has about five times lower response than the 2R20 at the
7.3-kg level. This is further evidence that the JAX responds in fundamentally different fashion
relative to JA2.

Table 5. Impulse Pendulum Data

opellant Mass Lot Shot Impulse
Name (type) (kg) Number Number (N-s)
JA2 (7p) 23 RAD-84G-001-S176 88-10 612
JA2 (19p) 23 RAD-PE-792-11 88-11 657
JA2 (19 PcS) 23 RAD-PE-792-33 88-30 843
JAX 2R20 (7p PcS) 23 HCL-86C-006-004 88-27 1484
JAX 2R20 (19 p Hex) 23 HCL-86H-003-009 88-13 1618
JAX 2R20 (19p PcS) 23 HCL-86C-004-001 88-14 1896
JA2 (7p) 45 RAD-84G-001-S176 88-25 872
JA2 (19 PcS) 10. RAD-PE-792-33 88-28 1201
JA2 (19p) 7.3 RAD-PE-753-10 88-26 1208
JAX 2R20 (7p PcS) 7.3 HCL-86C-006-004 88-29 5614
2000
Q -
]
< Z
2 3
g, 1000 1 'g_
£ £
0 oA AL JAZ.T2R28 " 3R2e  2Roe
(p)  (19) (19PcS) (7 PeS) (19p Hex) (19 PcS) (p) (9PS) (19) (TPS)
Figure 16. Impulse Pendulum Data for Figure 17. Impulse Pendulum Data for
2.3-kg Quantities of JA2 and JAX Various Amounts of JA2 and JAX
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3.5 The Staged Compartment Test

These tests characterize the relative response
of candidate propellants in confined quarters that
simulate the volume of the stowage compartment
of an M1 tank. The apparatus used in this test is
shown in Figure 18 and is capable of holding ten
rounds of sleeved 105-mm ammunition. How-
ever, in these experiments, 2.3 kg of propellant
are placed in a cardboard tube and blocked with
wood. This tube is then located within a standard
aluminum stowage sleeve thatis placed in the test
apparatus on the second tier from the bottom, in
front of the hole cut into the angled face of the
armor. Only the sleeved 2.3-kg propellant charge Figure 18. Schematic of the Ten-Round
is in the compartment. The threat is an 81-mm Staged Compartment Test
BRL precision shaped charge located at standoff (The target round is darkened.)
of 2 CDs (not shown). The jet passes through
25 mm of RHA that is backed by 13 mm of Isodamp. The conditioning armor pack (not shown) is
located against the slant wall of the compartment and the jet is aimed at the center of mass of the
propellant. Two mounts for Kistler gages (calibrated to 13-MPa peak pressure) are located in both
end walls of the compartment, in a plane parallel to the direction of the shaped charge jet attack. These
gages provide (duplicate) pressure vs time data. The pressure-time curve is integrated (up to 10 ms)
to provide specific impulse vs time information.

Table 6 identifies the propellants tested in the staged compartment apparatus. The testing of JA2
propellant took place on February 11, 1988, while the testing of 2R20 propellant took place on
April 12, 1988. Figure 19 shows the computed impulse plotted against time for the four propellants
listed in Table 6. Itis obvious that the JA2 response is about five times lower than the JAX response.

3.6 Summary of JAX Vulnerability Testing.

The mechanical properties tests, even at low temperatures, did not show an obvious correlation
with the vulnerability tests that involved shaped charge jets interacting with the JAX propellant bed.
This is not surprising since the role that mechanical properties play has been shown to be secondary
to that of chemistry.!”

All five tests discussed previously show that the response of JAX is fundamentally different from
the response of JA2. Since JAX is manufactured by adding 30% RDX (or less) to JA2, the question
arises: What is the specific mechanism that causes JA2 to go from a low response propellant, one that
generally mimics the inert material response, to the violent response observed for the JAXs? The
remainder of this report discusses how we began to address this question and what was found.

13
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H
Table 6. Staged Compartment Propellants &
z 9
Propellant Lot# E—
2R20 HCL-88C-006-004 | &
JA2 19P STICK RAD-PE-792-33 3
JA2 19P GRAN RAD-PE-792-11 @
JA2 7P GRAN RAD-PE-001-S176 N
Time (ms)
4. JAX MORPHOLOGY Figure 19. Staged Compartment Test Results

Al for 2.3-kg Quantities of JAX and JA2
.1 SEM Background.

The physical arrangement of the processed material is very important to propellant performance.
Defects such as voids, cracks, agglomerates, or foreign material can have a deleterious effect on the
programmed burning of the charge by changing the mass generation rate of the propellant. This is
done by supplying augmented surface area directly or through the resulting fracture, or by simply
changing the intrinsic burning rate of the propellant. For this reason, scanning electron microscopy
(SEM) has been adopted as a standard method of detecting these defects. Each propellant lot
undergoing investigation is examined by SEM to ensure that the structure has its intended integrity.
SEM micrographs are also used to assure that there are no processing problems, such as poor mixing
of materials. Information may be uncovered during a routine SEM morphological screening
examination that would alert researchers to potential performance problems and could eliminate or
redirect subsequent testing.’

Therefore, undamaged specimens of each type of JAX propellant were cold fractured at dry ice
temperatures. The low-temperature fracture reduces the possibility of introducing artifacts into the
structure. Since cracks propagate through the material by a path of least resistance and defects
usually supply a lower resistance pathway, the likelihood that a crack will encounter a defect (if it
exists) asit propagates isenhanced. This process results in more defects being exposed at the fracture
surface than would be represented in random sectioning of the specimen. Conversely, if no defects
are seen on the newly exposed surface, it is likely that the defect population is small.

4.2 SEM'’s of JA2 Grains.

Figure 20 shows micrographs of the cold-fractured surface of typical JA2 propellant and is
presented as a basis for comparison. JA2 is a thermoplastic elastomer that undergoes a transition
from mostly plastic to brittle behavior at about -20° C at deformation rates on the order of 100s™! (see
Figure 4). The typical JA2 cold-fracture surface is smooth, indicating brittle fracture. Some
nitrocellulose (NC) is observed because the high nitration level (13.1%) of the NC prevents all of the
fiber from dissolving in the plasticizer. Other propellants that use lower levels of nitration (12.6%)

14




10 um
a. =700X b. =2000X
Figure 20. Micrographs of the Cold-Fractured Surface of JA2 Propellant

have the NC completely dissolved and do not show exposed fibers. The only other notable feature
in typical JA2 propellant is the presence of very small (0.5 - 2 um) particles distributed throughout
the propellant. Their identity has not been established. They could be very fine carbon black, which
is an added ingredient, or they could be small particles of MgO that are added during mixing to aid
in the extrusion process. In any case. they seem to be found throughout the material.

4.3 SEM’s of JAX Grains.

Figure 21 shows micrographs of 2R10, a JAX propellant. RDX particles that are less than 5 um
in diameter are observed in these micrographs. The surface is not as smooth as the JA2 surface in
Figure 20, but other JA2-like features are present, such as NC fibers and very small particles. The

a. =400X b. =800X
Figure 21. Micrographs of the Cold-Fractured Surface of 2R-10 JAX Propellant
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10 um (=800X)
Figure 22. Nitramine Ba: : Propellant with
RDX in the 2 - 20 um Particle Size Range

only unusual feature is that the particle size of the
RDX is considerably smaller than expected. The
distribution of particle sizes that was added to
make JAX, and that typically appears in nitra-
mine base propellants, has most of the particles
withinarange of 2 t0 20 um. Figure 22 shows an
example of a nitramine base propellant. It has
76% RDX filler that falls within the 2-20 pm
range. This range is representative of the RDX
particles size distribution expected in the JAX
specimen but was not observed.

Micrographs of JAX propellant with 20%
RDX filler are found in Figure 23. As expected
the number density of particles is greater, but the
particle size is still about 5 pm. The fracture
surface is rougher than the 2R10 surface (see

Figure 21). This was caused by the greater number of particles (i.e., defect locations) diffusing the
path of the crack during the specimen preparation.

Micrographs of the 30% filled JAX propellant are presented in Figure 24. There are similar
changes due to the increased concentration of RDX as were noted in Figure 23. There are more
particles present and an even rougher surface. The major difference noted here is that the RDX size
distribution seems to be more in line with what was expected.

The observations made for these three lots of JAX propellant are significant and consistent when
considered in light of information that was gathered when a more recent production of JAX
propellant was made. The JAX micrographs presented in Figures 22, 23, and 24 were taken when
the propellant was first delivered in the Spring of 1986. A more recent production was manufactured

a. =400X
Figure 23. Micrographs of the Cold-Fractured Surface of 2R-20 JAX Propellant

10 pm

b. =800X
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a. =400X b. =800X
Figure 24. Micrographs of the Cold-Fractured Surface of 2R-30 JAX Propellant

at the Radford Army Ammunition Plant in February 1993.3 The objective in making the newer JAX
had been to test the effects of using recrystallized KDX rather than fluid-energy-milled RDX inaJAX
composition. This lot was received for routine morphological testing and was cold fractured to
investigate the structure. Crystals were observed covering the surfaces of the perforation walls.
These observations had not been made with any previous lot of JAX. However, the only surfaces
that were investigated using the earlier propellant were cold-fracture surfaces. Micrographs of early
lots were inspected for similar observations, but there were no portions of micrographs that showed
perforation surfaces of sufficient magnification to confirm the presence of crystals growth.
Figurc 25 shows a comparison between a JA2 perforation surface and the corresponding surface of
a2R7.7 JAX grain. All perforations showed similar crystal structure. All areas of every perforation
showed evidence of crystal growth.

a. JA2 (=400X) b. JAX-1 with RDX Crystals (=400X)
Figure 25. Micrographs of the Inner Perforation Surface of JA2 and JAX-1 Propellants
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To understand the physical nature of the deposition process, the specimen used in Figure 25 was
cold fractured along the radial direction of the grain. This provided an orthogonal view from the one
presented in that figure, and provided an opportunity to observe the extent of the crystal growth.

Figure 26 shows the radial fracture surface. Attention is called to the whiter band of material that
sits on the gray bulk of the propellant grain. It is clear that the crystals reside only on the extrusion
surface. There is no extension of the crystals below a sharp line of demarcation, the extruded
perforation surface.

20 pm 2. =400X 10 pm b. =800X
Figure 26. Micrographs of the Inner Perforation Surface of JAX-1 Shown in Figure 11b
Cold-Fractured in the Radial Direction

The more recent lots of JAX were not the only ones to exhibit this crystallization phenomenon.
The JAX propellant that was studied in 1986 (2R10, 2R20, 2R30, and 2R 16) was still in storage in
the magazine. Ithad been undisturbed for 7 years and was retrieved to see if this crystal growth could
be seen in the perforations. When the ungraphited 2R16 JAX propeliant was brought to the
laboratory, a white “powder” was visible on its outside surfaces. Specimens of whole grains were
prepared for SEM analysis and micrographs of the outside surface of the grain appear in Figure 27.
Since the crystals must have appeared after extrusion, and since the crystals seem to appear upon
annealing or long-term storage, the deposition mechanism is likely to be precipitation after
transportation to the surface by means of solution.

4.4 Crystal Identification.

Positive identification of these crystals was needed and was obtained. The identification strategy
consisted of 1) examining the surface of the perforations, where the crystals had been detected; and
2) examining the bulk material, away from extemal surfaces, as a control. The microreflectance-
FTIR spectra of the JAX surfaces (see Figure 25b) were obtained using a Mattson Polaris FTIR
spectrometer and a Spectra-Tech IR-Plan infrared microscope with a MCT detector.!® The software
included Kramers-Kronig transformations to correct spectral distortions. For both spectra, 32 scans
were collected with a resolution of 8 cm™!. The scans are shown in Figure 28.
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a. =80X b. =400X
| Figure 27. Micrographs of the Exterior Surface of 2R-16 JAX Propellant after 7-Year Storage

Attention is drawn to the ordinate of Figure 28 in the region between 1500 and 1700 cm™!. From
other spectra (not shown), an RDX spectral signature lies at about 1600 cm™ and an NC spectral
signature lies at about 1660 cm™!. In the upper scan labeled “Bulk Surface of JAX™ (Figure 28), we
see the NC spectral signature at 1660 cm™!, but little or no indication of an RDX spectral signature
at 1600 cm™!. On the other hand, the lower scan, labeled *“Perforation Surface of JAX™ (Figure 28),
we do find the RDX spectral signature at about 1600 cm™!. The shape of the derived NC spectral
signature at about 1660 cm™ is distorted. This results from a failure of the Kramers-Kronig
transformation to perfectly compensate for the specular reflection of the crystals nn the surface.

The crystals were positively identified as nitramines and we concluded that they were recrystal-
lized RDX. With the information thus far it was
hypothesized that some type of migration pro- . co
cess was occurring that resulted in the deposition
of RDX on the exterior surfaces of JAX propel-
lants.

4.5 The Formation of als on Bulk Surface of JAX

JAX Surfaces.

Absorbance

Processing records indicated that annealing
of the propellant was performed for 6 hours at
43° C after extrusion and cutting to relieve re-
sidual grain stress . Annealing is routinely per- . . . . . .
formed as a part of JA2 processing, and was 2000 1800 1600 1400 1200 1000 800
included in the JAX processing.® Thus, if heating
were 1o accelerate the RDX deposition, all JAX
materials should have RDX crystal growths on Figure 28. Microreflectance FTIR Spectra
their external surfaces after manufacture. of JAX Surfaces

Perforation Surface of JAX

Wavenumber (cm1)
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Afierannealing, the grains are tumbled to apply a graphite coating that aids in loading operations
and increases packing density. We infer that the newer grains had the RDX removed from exposed
outside surfaces during the tambling process. This explains why crystals were found only within the
perforations for the recently produced JAX. Grains stored for extended periods of time either were
exposed to high temperatures (storage history is unknown) or the solution that transports the RDX
to the surface had sufficient time to form these crystals after slowly evaporating.

As stated earlier, the annealing step in the processing of JAX suggests that heat might promote
the RDX formation. We devised a simple test of this proposal. Specimens of JAX (2R16) were cut
at 21° C (not cold-fractured) to expose fresh surface area that contained no crystals. One half of the
grain was placed into an oven at 75° C for 65 hours. The other was placed within a laboratory hood
atroom temperature. After 23 hours the propellant specimens were removed from the annealing oven
and inspected; crystals were observed on the surfaces. The control showed no sign of crystal
formation. The samples were returned to the oven and the hood and after 65 hours they were again
examined using the SEM. There was about the same number density of RDX crystals on the heated
samples as there was after 23 hours, but the crystals were larger. The SEM results for heated and
control samples after 65 hours are shown in Figure 29.

4.6 The Role of DEGDN.

Evidence from thermogravimetric analysis experiments shows large weightlosses (13.5t0 19%)
for JA2 upon exposure to elevated temperatures. Table 7 shows the weight loss observed for the
propellants JA2, M30, and M43 upon exposure to 60° C for 1000 minutes and upon exposure to
100° C for 360 minutes.!®

The candidates responsible for this relatively large weight loss observed for JA2 are the
plasticizers DEGDN or NG. Table 8 shows the vapor pressure for these two neat materials?® over

S0 pum
a. Control, Unannealed (=160X) b. Annealed, 75° C for 65 hr. (=160X)
Figure 29. Micrographs of the Cut Surface of 2R-16 JAX Propellant

20




Table 7. Thermogravimetric Analysis for

T TR T e
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Table 8. Vapor Pressures of Neat

JA2, M30 and M43 at 60° C and 100° C DEGDN and NG
Temperature Vapor Pressure
(%Wt Loss) °O (Pa)
Propellant T=60°C T=100°C DEGDN NG
Specimen |{t= 1000 min | t=360 min 20 0.48 0.20
JA2 13.5 19 25 0.78 0.24
40 no data 1.00
M30 1.5 12
M43 L5 3 45 no data 1.72
) 60 17.3 8.00

the temperature range 20° to 60° C. The neat vapor pressure of DEGDN is significantly greater than
that of NG, a factor of 2 at 60° C, and the weight percentage of DEGDN is almost a factor of 2 greater
than the weight percentage of NG in the formulation of JA2. These two ratios lead us to focus our
attention on DEGDN as the principal solvent for the transport of RDX in the JAXS.

The next question concerns the solubility of RDX in DEGDN itself. Table 9 shows the available
data for the solubility of RDX and HMX?? at 25° C. The data are ranked according to the value of
the absolute solubility of RDX. This value ranges from a low of 2.3 g/100 g solvent to a high of
41 g/100 g solvent. The absolute solubility of RDX in neat DEGDN has the lowest value.

Since DEGDN is about 25 wt% of JA2, and since 6 to 30 wt% of RDX is added to the JA2, the
solution of dissolved RDX in the DEGDN and NG within the JAX propellant is very likely saturated.

4.7 The RDX Deposition Process.

The measurable solubility of RDX in DEGDN and high vapor pressures for DEGDN strongly
supports the following deposition process.

When RDX is added to the JA2 propellant, it dissolves to form a saturated solution in the
propellant plasticizers. This accounts for smaller than expected particle sizes observed in morphol-
ogy investigations, especially at lower concentrations of RDX. The high vapor pressure of DEGDN
causes rapid vaporization of the plasticizer at all exposed propellant surfaces. During annealing, this
process is accelerated (and the solubility of RDX may be greater) causing rapid loss of plasticizer
and transport of RDX from the interior to the exterior surfaces. As the plasticizer vaporizes, the
dissolved RDX precipitates and is deposited on the surface. Once crystals are formed on the surface,
the tendency to enlarge existing crystals would take precedence over the creation of new sites, as is
usually the case when solids precipitate from saturated solutions. This was observed in the most
recent annealing experiments (see Section 4.5). The effect of this process is to remove RDX from
the bulk of the grain and deposit RDX crystals on the exterior surfaces.
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Table 9. Solubility of RDX and HMX in DEGDN at 25° C

Solvent RDX HMX Ref RDX/HMX
(g/100g Solvent)
DEGDN 23 <0.2 a >11
Acetonitrile 5.5 2.0 b 2.8
Cyclohexanone 1.1 1.0 b 7.7
Acetone 8.2 2.8 b 29
Butyrolactone 14 12 b 1.2
Hexamethyl 16 14 b 11
phosphoramide
Dimethyl 33 c b -
acetamide
Dimethyl 37 c b -
formamide
Dimethyl 4] 57 b 0.7
sulfoxide
a) Reference 18
b) CPIA/M3 "Solid Propellant Ingredients Manual” Nov 1989. RDX
values from Unit 16, p15 of 21; HMX values from Unit 15, p16 of 22.
¢) Shortly after the HMX dissolves, precipitation of solvate crystals
OCCuUrs.

5. SAFETY IMPLICATIONS

Some of the final processing steps in the manufacture of JAX are conducted at elevated
temperatures.? First, there is the "even-speed operation” conducted at 68° C that prepares the dough
for carpet rolling. Second, the carpet rolls are conditioned at 66° C for a minimum of 30 hours.
Finally after extrusion, trays of cut propellant are annealed for 6 hours at a temperature of 43° C. If
our proposed mechanism for the precipitation of RDX on exposed propellant surfaces is correct, then
it is likely that recrystallized RDX is formed in one or more of these processing steps. Thus, the
recrystallized RDX constitutes a potential safety hazard even during its manufacture.

It is also noted?! that "Microscopic examination of 2R12 and 2R 16 propellant carpet rolis in
storage at Radford (since 1986) confirmed the presence of unbound (recrystallized) RDX on the
propellant surface.”

We have noted in section 4.5 that the recrystallized RDX is likely to be mechanically loosened
from the exposed exterior surfaces of JAX propellant. This was confirmed when recrystallized RDX
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Table 10. Sensitivity Initiation Characteristics for JAX, JA2 and Neat RDX

Production| Total RDX Content Sample Sliding [Electrostatic] Thermal
Sample Date | Volatiles | Particle Thickness | Impact | Friction®| Dischsrge {Initiation
(%) Size () (%) (mm) (am) (MPa) ¢)) °0)
2R12 Apr-86 0.05 47 12 246 80 390 295 198
2R16 Apr-86 | <0.01 7.5 16 2.54 64 464 295 194
2R20 Feb-86 0.14 100 20 241 80 503 295 no data
JA2 Oct-86 0.30 0 0 246 80 617 295 195
neat RDX dry 1.5 100 | 0.18-038 | 13-26 | 200-293 |0.026-0.065] no data
neat RDX dry 47 100 | 0.38-045 51 170 0.065 no data
neat RDX dry 100 100 | 0.28-036] 2664 | 170-345] 0.13-0.26 | nodata
*at 244 cm/s

was easily removed from 2R12 and 2R16 carpet rolls in experiments at Radford by scraping the
propellant surfaces with a spatula.?!

This RDX crystal growth and subsequent separation from the propellant introduce safety
concems during propellant moving and handling operations that are not well understood. These
concems arise during sample inspection, the finishing phases in the JAX manufacturing process, and
propellant shipment and storage.

Recent safety testing of several JAXs, JA2, and neat RDX has been done.2! These results for
threshold initiation levels are presented in Table 10. (In the table, threshold initiation level is defined
as that level above which initiation can occur, and is established by 20 consecutive failures at the
stated level. Initiation was determined by infrared detection of decomposition gases.) These data
show little or no change in the initiation level among the JAX's as measured by electrostatic or thermal
ignition. The differences in the JAX initiation values for impact and sliding friction were judged not
significant. The report concludes that for all practical purposes the JAX initiation levels are
comparable to the JA2 values. Table 10 also shows that dry, neat RDX is more easily initiated by
impact, friction, and electrostatic discharge than either JA2 or the JAX propellants listed.

There are two implications thatcan be drawn from these data. First, the recrystallized RDX, when
mechanically freed from the JAX, may either remain airborne and diffuse, or be convectively
transported, thereby contaminating shipping or storage containers. The precise safety implications
have not been quantified, but the datain Table 10 suggest a prudent caution since the loose RDX poses
an increased safety hazard. Second, the fact that these safety tests showed no differences between
JA2 and JAX (with or without surface RDX?') suggests that these tests cannot be used to predict or
determine the level of recrystallized RDX present. To make this determination, a time-temperature
study of the rate of formation of recrystallized RDX on the JAX propellant surfaces would have to
be undertaken, perhaps as a function of the weight percentage of RDX. Once this relationship is
determined, the temperature history of the JAX propellants would have to be recorded and evaluated
to properly assess the current state of recrystallization. The increased hazard due to the evolution of
loose RDX would also have to be determined.
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Two considerations raise questions that may be significant, but are currently not resolvable. The
first deals with the RDX deposition process at annealing and upper-extreme storage temperatures.
The data in Table 8 show that the relationship between the vapor pressure and temperature is
Arrhenius in nature. Thus, at elevated temperatures, the vapor pressures will continue to rapidly
increase. However, the solubility of RDX in the propellant plasticizers is not known at higher
temperatures. If the solubility is significantly larger and works in concert with the higher vapor
pressure, the deposition rate will be markedly increased as the temperature rises. The second
consideration concerns the deposition rate and is chemical in nature. Our interest has been focused
on the role of DEGDN because of: 1) its higher vapor pressure (Table 8) and greater concentration
relative to NG; and 2) the greater thermogravimetric weight loss experienced by JA2 relative to M30
(Table 7). Nevertheless, the role that NG plays in the RDX transport process is not clear. In addition,
the mixture of DEGDN and NG that forms the JA2 plasticizer may have properties different from
the properties of the neat components. Most of the information needed to address these concerns is
not known. Two tacit assumptions were used throughout this analysis: 1) dramatic changes in the
solubility of RDX with temperature were not considered; and 2) the vapor pressure of the plasticizer
mixture would be an interpolation of the neat constituent values. If additional processes or chemical
changes were introduced when the plasticizers were mixed, other explanations for these observations
become possible. However, the mechanism, as presented, is qualitatively consistent with the
information and physical data contained in this report.

In conclusion, the mechanism for the precipitation of RDX discussed in section 4.7 produces a
dynamically changing structure on the surfaces of and within JAX propellants. Since JAXs can
undergo morphological changes with time and temperature, and since the standard safety tests are
not predictors of the changing state of a JAX propellant, the continued manufacture and use of JAXs
as they are currently formulated and processed is not recommended.

6. OPTIONAL STRATEGIES TO RDX ADDITION

6.1 Solid Fills.

RDX is not the only energetic solid oxidizer that could be tried in the manufacture of a JAX-like
propellant. Table 9 shows that the relative solubility of HMX in neat DEGDN is more than an order
of magnitude lower than that of the RDX’s solubility. While this is encouraging, this low value is
no guarantee that HMX would not show a similar crystallization phenomenon. Recourse must be
made to experimentation. Other solid oxidizers could also be tried.

6.2 Use of Less Volatile Plasticizer.

The DEGDN could either be replaced with a less volatile plasticizer or an inhibitor could be added
to DEGDN to retard its migration. In this last regard, some experimentation with PARAPLEX G59,
a viscous, high molecular weight hydrocarbon, has shown some success.?? Approximately 10 wt%
of G59 had been added to a recently manufactured nominal 2R20 JAX. The grains were exposed to
testing as described in section 4.5, except that the heating at 75° C was continued for 120 hours.
These grains were examined by SEM, as described in section 4.3, and analyzed by FTIR, as described
in section 4.4. No crystalline RDX was observed on the exposed outer surfaces.
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7. SUMMARY

The original goal of this investigation, to determine the mechanism(s) by which the vulnerability
response of JAX was so much greater than that of JA2, was not reached. It may be that the raw
crystalline RDX observed on the external JAX surfaces contributes to this increased violent response
but it is not the only possible mechanism, and in no way has it been demonstrated. For example, the
implication that RDX enters into solution in the DEGDN may also provide a mechanism for the
increase violent response of the JAXs observed in the vulnerability tests.

During the course of routine investigations on JAX propellant, raw RDX crystals were found
deposited on the external surfaces of all JAX grains examined. A mechanism for this deposition was
hypothesized and tested, and found to be consistent with all data at hand. Safety implications of the
deposition process were pointed out and some general approaches to mitigating or circumventing the
RDX crystallization were suggested.
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| PONATULI OF CONTMALTORS AFLLIATATIVE i
Do) b kirkeatmicx . P.W W R.
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. PRUPELLARL UEOVAIT LIV ONGE S ——ag ge8_18 "

AMRPRERGN o5 1 i) Perf. Hexarons]l Granular ! HCL86H003-014

e B “Multics CER 086-333, $/27/m& 3 nds [
: RADTORD ARNMY AMMONITION PLANT, BADFORD, WA. lSubcontract 973535, Tesk TTI |
e 2. s W S+ R SRS I R LA 2 SRS, Bo LA LORE = SEORT Y P e grr S VR e A Y e 6 N g
CTAPTID SAND Nvasats L BAN: | MAMUTY Q3eS°S)

wasQ ]
B95089; B95091; B95092 e an
— . ]
L5+ "30+ -
oo SANUFACTURE OF SSLVERTLESS PROPELLANY oo o 3 smibniiuiveniog

’RncuS’D.Ym‘ -' S e L T L ﬁ

i JESTS OF FOUSHES PROPELLARY &:ci-i]  sasam mo mirsca wim
. Smlﬂllil Sag | b 0 B ACTUAL
Nirrocellylose N/A N/A 5.09 wurnyy 8 120°c  lcc 40° cC 60'+
| arin NIA W/A [2.68 No_Fymes NT 1 hr INF 1 Br.
DEGDN N/A N/A 20.99 SO0 OF PROPRLANT
Akirdit ) 9 N/A N/A 0.61 ROF_(cal /o= - N/A [156
| Magnesiym Ovide N/A R/A . Abs. Dens. (grec] N/A .60
ﬁynhite N/A N/A 0.05 Taliani:
RDX . N/A N/A 10.52 Siope ¢ IUum."lgm 0.353
Ash N/A N/A 0.10
Moisture N/A__ N/A __ 0.4
Methvlene Cl Solubility N/A N/A__ 34.28
- R ’==.‘ ..........
7. SRCARON [ MEHD
BO™ @ N/A 709 1 .71
=016 DA ITR ©) R/A .639 515
P, DA U N/A 2020 D22 sams
472-138 90 oo oO% 90007 § Web Av N/A .09 ORS
awnasxs . Inner N/A .106 1 092 j°PAxm® 8/86
7he 2R10 was in sheet form (7.5" x - Middle N/A .099 | .079 jMmnl g/p6
.125" x .085") fired against the XM829 Outer N/A . 0655 | . n.nm/“
- | standard PE 472-138. ) EE:;;: T WA
700ce bomb @ 0.10 gﬁ/cc toading density. L NiA
"You N/A
. TYP) OF PACKONG CONTAm®R  Fiber Drum: 652D
- mAARKS Candelilla wax vas used as & lubricant during extrusion and may be present in
the propellant in trace amounts. The physical dimensions of this lot are a veight-
-. . -ed average of sublots A and B., L -

. ‘e * AFTOLS..wmes®?

.*" FSONATULL OF CONTRACTOR'S RIPRLMNTATIVE

.

- |. p. w xireeatrICE 2P W R L PROGRAM MANAGER
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PRUPELLANI VSOVNIr 1IVN ONLE D

R T T Sl

-2

S/27 /04

2R107~19 Perf. Hexasonal Cranular

YT )

HCL86H003-015 -

&40 Pounds

G 0alT MRSD ST e Ve

Subcontract 973525, ¢

............. BT r\w--:-!
SAMTY R34S °C)
an
ax 1207 ¢ P — -
ave_13.10 ol 45+ 30+ s
NODoN "t
MANUFACTURE Of SOLVENTLESS PROPELLANY oo oo E R
i PRUC!SS"!YHG T R A R e B e L
O
------ 3> TS Of. FNS!EB ?:-mmm DAMUTY AMD TSCAL TOTS
M CORMIRA atTVAL
N/A N/A 55.09 NEAY ] . ' CC 60'+
N/A N/A 12.6 No_Fyme NE 1 bhr T,
N/A N/A 20.99 SOAR OF PROPRLANY
—N/A N/A 0.61___THOF (cad /e N/A 13¢
N/A N/A .06 s. Dens. (gicc] N/A 1.60
N/A N/A 0.05 aliani:
N/A N/A 10.52 Siope 0.353
N/A N/A 0.10
|_Ho_1£z_|r_e N/A N/A 0.4
j Methvliene Cl Solubility N/A N/A 35.}2

R T 113 § e L
_*»

smoncanon | ex | mesm :
—N/A 238§ _23%
__N/A 200 1 654 1 =
N/A 029 1 022-1 sams
N/A .100 LOR9
N/A .116 L JracE®D g/
smanks . 004
Zhe 2R10 was in sheet form (7.5" x Middle N/A .108 |.083 {fmnmdg, g¢
.125" x .085") fired against the XMB29 Outer N/A 077 1 .00] Jnuteumig,
standard PE 472-138. ... = 8 llllb. s b, “'
N/A 1.05 1.2 _Yece ARDED
700cc bomd @ 0 10 p/cc Yoading dcnuty.l NA 153 T -

TP OF PACOND CO-TAE  Fiber Drum:

R ——

652D

Candelilla vax vas used as a lubricant during extrusion and msy bc preunt in :he .

propellant in trace amounts.

p. & xizreatRIck )9 (U

—

SIONATULS OF CONTRACTOR'S APRISMTATIVE | z E
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BCL86C004=001

B/A : 500 Pounds
RADFORD ARNY ABNENITION PLART, BADFORD, VA.
R R S S N T R S A B R e RN S i
ERO0In COrTpNt . NADDH [ T YT
° . “-.‘
s LIS % e
an s -
ave 1311 o] 43¢ 30+ an
b D SO ]
RN s MANUFACTUR SLVENTLESS PROPELLANT - - T TN
o oot - PROCESS=BRYING o -~ vt
—kosd Forced Alr Dry
S —
L1I0F Y1107 | Wold st temperature n
Asbiend Coo] dowp for sampling

| Vitroceiiﬁg;: N,A _g A
410 N/A 5T
DEGDN N/A N/A
2 dd N/
Maoonaed. W I I ns. €C
Graphite N/A N/A aliang:
RDX Tound) 20 N7& 20,30 0
* gure did got reach
Moistur N/A N/A 100 5z Re,
NIA_ 0.10
.............. .
WO wunsts | war %
1) ; PRORCARDN . D
=20 107,99 LY (50 15,0
118,06 11 me ) y/) 200 ¥ 678
+ 121,81 LR K77 021 1 021 sam
Sasoas [pr-1472- 3ap | weesk | meemx 1 XA JA13 1 090 ¥
LE=472-138 sacxm
T‘.' These are the closed bomb results F.0\ =9 'E,uA— 077 18;7, 3
or carpet rolls cut to strips of BT -
dmn.ion. 7 5"x 125" .oasﬂ ueb A LM - ‘ 3,86
700 cc bomb with a 0.1 p/cc loading 28} N/A 6.67 ®
L
Y98 OF SACEND COMANR

S@AANS Candelilla wax is used as a lubricant during extrusion and may be present in

the propellant in trace amounts.
. analysis of carpet rolls.

Propellant composition results are from

Signed by

Development Enginesr

D.W. Kirkpatrick

I w.




- uw/A . Te—— - v _rounss

RADFORD ARNY ANMURITION PLART. BADFORY, VA.

B I T RN o F o R BTN L Ny T ¥
ool Gurtiet | B Radte | RaasY Blad g
. wee
F] ] ————— 00
an Y -
e o Il 38
- DU [ ]
(SR AMIT R . ) [ R . L iy
L] ¢ )
She N RO ,‘.'.,..‘ L T %_
'1
¥ ¥ Mo t er
n —
RO CORPOERGN [ 70 0 PROPELLANTY 4565 TUBITY AID MTECAL TUTS
CONNTDN [ 1Y) WAL
- _—-._
N D88 OF FROPRLANY
rd 1
s. Dens. ce .
Graphi 8 H
* pressure did hot reach
(-
M/A. NA. 0,10
R
RS T R AR I . [J “
10 Wumats | Mm%
; SPONCARON ™
- T 2 98
+9 suarme o | ¢/, 200
1 LA Y]
Samaw Jproi22-138 ] =] men
-‘.! $ These a;;. the closed bomd results i
Oor carpet ro cut to atrips of
dimensgons 7.5"x.125".085". 2y e
700 cc bomb with s 0.1 gu/cc loading >8] N/a
density. . > NA
o N/A 33.%

WAMK Candelills wax is used ss & lubricant during extrusion and msy be present in

the propellant 1o trace smounts. Propellant composition results are fros
analysis of carpet rolls. .

N——

Signad by ~ ~ T an = .= {Development Enginesr
et @ Al B6 Copd-00 Development Eng?

2R 20 (Apf_ .. " _
Pt stk . DWMM
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R/A . 65 Pounds

SADFORD ARNMY ANMUNITION PLAKY, BADFORD. VA.
T o Fog 0 WD o] SNy DC 200, 0 o AI IR LS e e R T Y
WS Coorint | B BANDe Sy v
. we
aas LIS S} e ak
an 13,00 o -1&—--
I”-!l'-u-—‘ ) Ak
(V1 ]
o SRR A i gANUFACTURE sLvent ROPELLAMY -~ 5. Fobsiiad g
" . . .
e, PROCESS-BRYING © < L. o T
- “ Py —F—
3 0°F | Hold st tex — s
ien
OPRLANT CONIOERON 25 VERTS OF FIRISHED PROPELLANY .ani'~ FIAMAITY ASD PTRCAL TUTS
CORRIVSN [ awa
A (42,20 lwgrypn @ 120°C :
1 - %1.: N
N A SORS OF PROPRLLANY
Akgrd LIL) I
$. ne . c .6
Craphite aliany:
Toun L7 ope
* pressure didinot reach
/A 0.10 _f—
Y e B R [ ”
WOY AR Aar *9
swoncsnon | os | mem !
*22_. 118,06 DAANE &) N/A 200 =
2143 v ~021_1_023 aum !
SUBAD | PP-’72- +90 waoey | Waen e 113 092 !
recxm 6
WRANS These are the closed bomb results ﬂ_—"ml".m . 3786
for carpet rolls cut to strips of N/a 99 »
dinensions 7.5"x.125"x.085". 3 86
700 cc bosd with a 0.1 p/ce loading o 1.7/ 6.67
density. . 08 W AL08H
N/A 33.33}1 29.0
1998 OF PACHID COINAmS

@AaMmS Candelills wax 1s used as & lubricant during extrusion and may be present in
the propellent 4n tracs amounts. Propellant composition results sre fros
analysis of carpat volls. .

s | Development Engineer
ignad by o1 C RC\, 8oC 004-00% B D.¥. Kickpatrich .
7 - ‘20 qp" s1ick p.a/ £
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e T T

-

WP P » S l. 7 '. t‘e‘ =
n/A 60 Pounds
BADFORD ARNY ANMONITION PLARY, RADFORD, VA. i
Bk o R s R Y e S Tt #, N I -
Py -.l‘l‘uu Nalmm QG
—— A A “&‘ -T—--
AV B ] 0+ L
— "D DON »
= 5y B 3 e MANUFA LY 20?r N MR S
. - 9
3 = . PROCESS-DRYINE - <%
Toad Forced Adx Drv .
['M 3 *t% | llcli at ¢t [ ] S ——— 4
X n
S
PROPRLANT CORPOTREN - JESTS OF FIRISNES PROPELL R TIABASTY M8 MuTRCAL RITS
CORSTITVEN Soasws | atwa
Nitro A Y : :
NELRr T T
ECDN A SOLR OF PROPRLANY
erd " RIA
8o ne . [ {4 N -
Craphite NR aliani:
X . {groun 20 /& 0 *
* pressugze did nqt reach
e ' A e
f‘jﬁi::: N
2w e e X0t el W, Pt [ ]
Wt munsie [ war o
n SORCANON [ [
- mz 33 Y] LN/ 18 )
+9 PWMATTE )
+1£5_' 2183 LY 025 mm
L IY ) zz-izz-na .ﬁﬁ e 00X | X .3
» .0 racx®  3/86
SBANS These are the clossd bomb results e N/A 082 1.077
for carpet rolls cut to strips of Ve N/A . -y
dimsnsions 7.5"x.125"x.08S%". '--' /86
700 cc bead vich a 0.1 plcc loading 2 T R/A .22 1%
density. kyXTR 1 76
N/A 15.8 [14.65

1994 OF PACE NG COMYAmE

@aASeS Candelills wax 1is used as 8 lubricant during extrusion snd may be present in
Propellsat composition results are from

the propellant {n trace smounts.
analysis of carpet rolls.

Signed by

Development Enginser
D.\¥. Cirkpatrick

2w,

40




:m-20 7 Perf Stick s o mumn  RCLEGODO0A-003

n/a :
SADFORD ARNY ANNENIYION PLART, BABIORD, VA. v’
Lran Yyedv e o e LAY R QR0 i o o AT I e R L AR AN - R
WTOOHI CONTINt | @ Radte | BadM PIadC)
o YL ]
-nﬂ.ﬁ.:t ——— 01
¢ — ———— —— an T—-
s e "M [ " ]
LanoOson "
515D e SN MARUEACTY Ly $S PROe "1 IR T T
. " . . .
S oerer v PROCESS=DRYING - - - <@
hotd Forced Al Dry, .
) 4
10°r HO'}‘ Iloﬁ st temper &
n A —
FROPRLLANT COMMOIRON =+ FES TS OF FIRISHED LABY .o - NABUTY M8 PTECA TS
CORNRYPN [ NG
N{tre A A ° '
.77 W 1.7/ WS BT T N NE 1 B 3
EGDN -— /A N/A SOLR OF FROPRLLANT
Akardy i 1166
ﬂﬂ ADS . ns . [33 .Gi
Craphite NIA Nk allani:
roun !B u,: ope "
™ ch
FoTet 77V 177 W N— T E—
nu——w p—
R KT 4 ¢ 1B o | R 30 G N
O wnstr | Bar %
’ poncanon | a2 | memm
= 102,93 _ L] ET7/ W TTW W T
118,06 puarre  fy/) 430
#l& 12183 RY. BA 0 XA 025 P
Nanpa PE-¢22-138 1+90 e o0% [
raam
SSARS These are the closed bomb results . 'n“—‘ﬂ! T "§§7L .03:
for carpet rolls cut to strips of N/A =050 1. /86
‘m‘.‘on. 7.5" .125"8.0.5"0 L. ]
700 ec bomb with a 0.1 gm/cc losding 28iN/A -6.90 | 2.57 o
density. . ‘CLwaaRes
N/A 17,20 | 16.23
PWPL OF PALHNG COITAME

@asms Candelills wazx is used as a lubricant during extrusion and a8y be present in
the propellant in trace smounts. Propellant cosposition results are from
analysis of carpet rolls. .

gned : : Development Enginser
8 o D.W. Kirkpatrick

x o zv




R =

remTvee™  2R-20 7 Pert Stick
L I7
RADFORD ARMY ANNODNITION PLARY, BADTORD, VA. ’
B T R R R T R S Al Eane L e > VR , % . L . .
EMOOCONTEN | B Madts | Rasam fas'y
. L
am LIS .8 A -~
an 13,08 s -
NOOON [}
g ANY E §F SOLVENTLESS Paop LR TR

110
nomuun comrosnan  § - TESTS OF FIRISHED AABY 4055 MABAITY ASD MHYBCAL TEITS
Sounsven tounas 1 ecva
rocel A A [ . s
Ly 112 NE_L hx
EGDR N/A A SOMR ©F PROPRLLANT
Akard N7& 0,64 B
_“4 s. Dens. ce lg::
Craphice L Taliani:
X round) N/& ope .
4 LETEE TS S
ofstur N/A N/A 100 oz He
> ‘v P 4§ .\4 1 B «" ' DA Ry .
A0t MURS IR AAr *¢
SVQACA RON
- w > -m———
+90 111806 pusre & | /)
N AND ARD :E'iZZ'l:l ﬂ- 0o R 0
SBLAKS These are the closed bowb results [oirer U#‘“
for carpet rolls cut to strips of AVe . ]
dimensions 7.5"x.125"x.085". 1
700 cc bomb with & 0.1 ga/cc loading a] NA
dansicy. . ™ .
N/A

98 OF PACEING COMAME

@aAMS Candelilla wax is used as a lubricent during extrusion and may be present im

the propellant 4in trace amounts.
anslysis of carpet rells.

Propellant composition results sre from

Signed by

42

Davelopmant Engineer
D.¥. Rirkpatrick
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u-” ‘ O s e - -
B/A - — 399 pounds
QADFOR0 ARNY ARNURITIOR PLARYT, BADFORD, VA. [ Woneywell lubcontuct nzon
N A A o, BN e R Iy, T g it S B L ve
mau-n ---n- nwnsu Q
o o [ V) -]
— aax lllS 8] - an
MO SON "
DB gk MARUFACTUR SLYENTLESS PROPELLANY - . v B & ot o
L 'loc "'"." I R LIRS RO
] [ ]
N o Lop
? 1O°F Rold empera
F i
-1
PROPILANT CORPOIMON 2. YESYS GF FIRISHZD PROPELLANY oo - STABAITY AND PMTSCAL TESTS
CONNRVON _SotmuA | AWM
Nitroce LA A ) : CC 40 .
[T N es
DECDN N4 YR ORA OF FROPRIANT
Akardd l 1101
Ao Y s. Dens. ) MYa
Graphite 24 . 224 Taliasni:
. 20... ope 0,260 ¥
T XIA.
e T
NN G e e ? g [ »
ABY Smaty | W °F
SAGACA NON [~ D 1
v TI3-353 1 1US. 1 F_'l? .
L'l'!!'U‘S. . suatma ® } N .700 1.675
TS | 124.88 | Y sam
waspase [PE-L72- weeot | ®atet RIA 313
o ¥ /A 1108 1,090 Jeacm _3/86
These are the closed bomb results fued 0O N/A 077 }.093
for carpet rolls cut to strips eb EEA QZE 095
of dimensions 7.5"x.125"x.085", TR . .95 ® 2
700 cc bomb with s 0.1 gu/ce Y Tz
loading density. - pprnd 108 W20

TIPS OF PACONG CONTAME Vond 3

®masms Candelilla vax 1s used as a lubricant during extrusion and n{
Propellant co-pouuon Tesy

the propellant in trace nmnto.
analysia of carpet rolls.

be present in
ts are from

Signed by

e e
Developaent Engiaser
D.¥W. Kirkpatrick

P




W/A - § Jv _pvuses
RADFORD ARNMY “.'ll"'i PLART, RADFS2R, VA, Honevwell Subecontract 932077
A R S AN e s 5y R N e N O S LT T A
HNE08EN CoNTwI lu!‘u: Radasry R34S *C)
- sallli_s o
—— l‘-u‘_u | w -i%.:—_-..
"e
e WANUFACTONE 07 SOLVCNTLESS PROPLLANY —— — b o
e ’lﬂats‘-"y’.‘ AT T D L R
4
110°F s 5°p
l;%"? Nold at temper
R e T T
SROPRLANT COMPOIMON - dr A s MAMUTY AND PITRSAL WSTY
CORITAVENT o WA
Nigroge 77N 77 1 - , l' '
DECDN A4 u‘___.um ,._...____ro FROPRLANT -
Weon TR Bl n N1 s. Dens. €C 1.84
GCraphite ' x4 RYras aliani:
IL 20 _h-m o e - |
o N/A ~N/A 0.10
' X1 - 2 . S e L
(O mUmste | naP *f -
n . SNORCA RON . R
“FoU 1TSS * 80 [ NA_ 12,78 13.67
[9) m . o L X l“ .l‘uz
145 | 124.88 .28 17 BA @ N91 022 | AN
sawan {(PE-472~ we »e N/A LA13 _1.102
These are tha closed bond results N/A .077 _].093 WA~ 3786
for carpet rolls cut to strips INJA 2099 95 iﬁi D 3/86
;:odhonuem 7.5"%.125"x2.085". " RiN/A .95
ec bomdb with g 0.1 gw/ce 1Ty '
loading density. - = /A W T e
99 @ PALD D CONMTAMD ox N

asams Candelills wax 18 used as & lubricant during extrusion end n{ be reunt {a
the propellant in trace amounts. Propellant composition vesults cu from
analysie of carpet rolls. .

Signed by ) Development b;;:nut
2P -20 /‘7/,“-/ f%né QC Lg@%-oc)?— ;:; Kirkpatric! *

————
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- Bt D Y v o
—

N/A - 31 Pounds
QADFORD ARMY ANMNORITION PLART, RADFORD, WA. | uoneywsll Subcontract 932077
B R T T T e R O T Nl ol el A e, RAN NS L, T e gy,
W00 COntaet 8 Raxe Raduiy (das*g)
. " e
—— ——— lﬂ&u—i an

Carir we
SIS g i MANUFACTURE QF SOLVENTLESS PROPELLANY .o Lo Buiz oo ot
vyt PROCESS=BRYMNG - o g o TE S o

m oa ed o 1
MO E L Incease recperature 2o 1102 28
O°F § 110°F Hold at temperatyre -
Apbieny Cool gowp for samcling .
smomLnt camsogmon  § - TESTS OF FIRISHED LAY oo
Conneven i maans [ acnu
To .11 "‘ . %%‘ \ : mL. .
DEGDN o
Akavsile 1Y .
n
Grapnite
n .
Moisture
. |
]
AT s IR ]
107 MunsiR e *p
an worcawon | o | mene
&U 13557105, A ™ (L) NZA 1.8 1.6
P90 ) 123.05 [ 107.30 foumrm @ | n/4 200 1. 625
P15 | 122 .88 108,78 Jrmv s i | n/4 022 o
Sapazs (PE-072- +50 ] wecon | meoos Ju N/A .1] 102
semam1 L ﬁ: :198_1,090 '2&2;.3.@_
These are tha closed bomdb results Jueb O N/A 077 093 _JuUAn®3/86
for carpet rolls cut to strips Web N/A -099 095 ® 2786
of dimensiocns 7.5"x.125"x.085". T h| u/A .
700 cc bomb with a 0.1 gw/cc 293
loading density. - 2 N : 3 33130.68 o WAL

93 @F PACKING COWIMNE Yoo ox No

@sams Candelilla wax 4s used as & lubricant during extrusion and n! be present in
the propellent in trace amounts. Propellant cosposition results are from

analysis of carpst rolls.

Signed by i Development Enginesr
D.W. Kirkpstrick

&W.W

-
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22-20 v
T [ = 5y reeees
BADFORD ARMY ANMONITIOR PLANY, RADFORD, VA. |Honeywell Subcontrsct 932077
o s Wi W o, O U AR GIA L N WS T Y s e ey TN T e Pe .
NNeOO N SOt 5 Mot RadeTr R3¢}
. [ m‘
— e ————— e A2 Lo LS e €1 camcn an
—— —— .‘nLu | ﬂi .IL__..I-
. ) "
R I _MARUFACTUR OLVENTLESS PROPELLANY i< v forcmani v i -
o . -
Sy o PROCESSBRYMNE oo g oo vl
_Jead Forced Alr Doy
[ ¢ &¢
0 110°F Hold at temperatyre

mormuant comronmon B .0 SESTS OF FIRISNED PROPELL J e STABAITY AND PWYSCAL TSTE l

CONAIRUEN o | awa
itro 1;““2“ NLA E—‘LQ-——' :
BG : rediclderms NE L b

DN
Akardi 3 N
Graphite ' _‘m"—' s
1) "N ' 20.92
tur BLA JLA Tﬂ_ﬁ,— |
‘LM_
Rt B N s []
10Y mumats | a4
wyoncanon | os
LEEENAELL [ L0 L YRR
17705 SV ounma e | 4/a 395
113 125.88 N LAY
WaND o 2D - - -1 D6 008 —-—F-M——-—M— saTE
SmANE b] ezl 3/86
' These are the closed boub results " Jﬂc ‘gﬁf»—' 077
for csrpet rolls cut :o"ttrtpz 5 07 "B, 06
of dimensions 7.5"x.125"x.085", .
700 cc bomd with & 0.1 gm/ce YEU R/A .22 -1.31 ®
loading density. - - A o oy ravases

TP OF PALONG CONTAME

masss Candelills wax is used as & lubricant during extrusion snd u{ be present {n
the propallast ia trace smounts. Propellant composition results are from
anslysis of carpet rolls. .

Signed by ‘§ Davslopaent Enginesr

N . D.W. Kirkpatrick
A it T
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N-20 7 Parf Stick v rvee v
B/A 43 Peunds
AADFORD ARNY llllll!lll PLART, umn TA. uon- 11 lubeontuet 932077
e fege NI I AR (T2 Qi oAU R T T S L
mu-m LR | Ras™ sadeg

. . YL
—— ave llll x| 43 _med 20 am
TEND BON [}
RS A ARUFACTURE OLVENTLESS PROPELLANT - v Foidvioi sviiy

e oot PROCESS=DRYING v ik 2
Load Forced Air Dry
" 1Ww

10%F § 110%F Hold at tempera
Aﬂhi;hf 0
MOrRLANT ConsOsON 07 FIAMAUTY AXO MuTSCAL TLSTS ﬂ
CONSTRVT ot | atva
Witroce _N/a N/A & K. 1) b cC 40 ’
:m--u_ m 1,33 1 hL—-
EGDN N4 NZ4 22.08
Asgrdie 'Y M. 0,72
Graphite : TR “'“
20 “.
Ie BlA L NA_ i |
—NA L NIA
IR K R Sl YA e L e+ Ry R [}
WO umsi | A
SICRCA RON . )
%0 113.353 1105, iﬂ 15.0 18.0_ |
U 143, . VABITE B | N/A 421
145 . . A | p/y n2% _n2% sams
Samease [PE-472~ 0] weees | waoen
A 77 KTV BT T
' These ars the closed bomb tesults R/A 09& 093 ju~ 3/86
for carpet tolls cut to strips 097 86
of dimensions 7.5"x.125"x.083". " 8| w/a -8.23
700 cc bomd with a 0.1 gm/ce ~ - 8.33 ——ad
loading density. - = WA 18.84 T 16571 e
TIPS OF PACRING CONTANE d Bo 0.
massr Candelilla wax 1is used as 8 lubricant during sxtrusion and may be present in
the propellant in trace amounts. Propellant co-poution results are from
snalysis of carpet rolla.
L
Signed : T Developaent Enginesr
et D.W. Kirkpstrick
W
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2R-20 19 Perf Stick(TAX) ] Smas o 36H008-001
N/A 700 Pounds -
GADFORD ARNY ANMONITIOR PLARY, BADFORD, VA. 12077
95089: 95091; 95092 woen coreet | B e | PV mu
as L0 _ e . o
v 12,10 s 4S5¢ .JL__O-
T v Y-S - "u‘-}’
. MANUFACTURE OF SCLVENTLESS PROPELLANY - |
5 PROCESS-DRYING o
L Astlent Load Forced Air Dry
wagdsat 10 Increase tetperature to 110 2 S°F 1
110°F { 110°F Hold at tempentute
F | Asbiend Cool dow gg; saznling I
—
PROSE_ANT CORPOSNON ! TESTS OF FIRISHED PROPELLANY . - STAMUTY 3@ MNTYBCAL TESTS :l
o eis | WBRISo | oamus | acwa
Nitroce N/A N/A wiat 4 £C 40° [
¥ rip N/A N/A No_Fumes KE 1 br
DECD N/A
Akardit 1) \
Fﬁ‘sﬁm ~ T
Graphite v N/A
RDX N/A .
N/A N/A 0,09 JL_!
Moisture 0.5 0.3 0.2 1
wuq.m N/A 31.40 }
]
0
DY SRS L L ]
L1 =40 190,97 1301.€9 oraton | sa | mesw
_SJ_AJ_..J.QMQ.IE_"_‘“_._.;__N A | solroO
2c JoumITR 8 N/A
414_5___36_31__-1.05 e A T-‘%gg—- —
flawans | S-23]1 90 X .3 moor ¥ yuob pvue. N/A 099
smmanxs N/A J15 093 J*ARE" B /86
.106
The closed bomb test used 2R-20 in the ml A 200,
827 form fired against the 827 standard. 3 WA
700 cc bomb, 0.1 n!cc ?oading density. % NTa
N/A
4 rton No. 327146

Y71 OF PACND CONIAME
y Candelills wax is used as a lubricant during extrusion and may be present in
the propellant in trace amounts. .

]

va& W*i—-———g 20 svs 8¢
s TPF




SA~4V 49 FGis .b‘“‘ : =c{ U TNYYw Cwe

Pounds
ABTORD ARMY ANMONITION PLARY, RADFORD, VA. 2077
95089; 95091; 95092 PRESOE: Conrmt ':::'-: T o
[V pEB LTS b Y an
am 1300 e A -

ave 1310 w) AS2 _JQ*__.-

TEAOPOm
MANUFACTURE OF SOLVENTLESS PROPELLANY -~

PROCESS-DRYING m

1_5,_:234 i-k:;;i Load Forced Alr D -
- x]noz l‘::iii: remnerature to ]ln 2 :J
110°F | 110%F Hold at temperature 4.
¥ ] Azbien{ Cool down =nling
MOPRLANT CORRO SO TESTS OF FIRISHED PROPELLANY _J FASAITY A% M TBCAL DTS
— CORNMTYP <+ - LN v
| Nitroglveerin N/A lg,ﬁ No Fumes RE 1l br I NF 1 hr
—~ =3 DEGDN N/A 19. FOLS OF PROSRLLANT
A Akzrdir 1} N/A N/A 0.71 - 551X -
-4 ®arnesy N/A 0.0% ADS . ns. ce 1.51
Craphite N/a 0.0S Taliani: .
$-B2X N/A ; 12,28 Slope @ I00umN ! (349
m MJ‘Z‘A 0‘09 i
-4 Moisture 0.5 20.2 0.2
Machyleae €1 Solubilf{cvIN/A N/A 31.40
[
BT muasit | e o8
S AN =40 1 90,97 110169 sa ()
220 92 Ll 2 _ AR 2 .70
2145 1 95 8 700
s . 021 [ "} ]
==3 ramass [5-23) 90 woosk | wonesx | nes _t .0 :
YU T 115 _0 raBD g /86
.106 .081 f3AB"IDg /86
The closed bomb test used 2R-20 in the 075 T i
827 form fired against the 827 standard. 9.57 ) 8/86

700 cc bomb, 0.1 gm/cc loading density. -~y = = n

30.43 [ 2821 ] e

TIOL 0F PACTIND CONAME reon No. 327146
Candelilla wax is used as a lubricant during extrusion and may be present in
the propellant in trace amounts.
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. ° GATEV 49 |8ss Dvown
———

N/A 78 Pounds
STRADFORD ARNY ABNURITION PLANY, RADFORD, VA, , cars 932077
| 95089;: 95091;: 95092 — RSO commmt .J:": . st
| er—— — MI_IJ.J.}_I S ah
ol _u] LSt _eed 202 ew
E3M0 SON [ ]
ERAEVEEEE uuum!gi: [ 1] iipgil;gs:. ] AN -
~ - ’IDC!S?-DIYI“
- - - -
= - ;}_!u d For . —
0'F noir Rold et tempergtu -
[ s}
PROPRLANY COR DB NN ~. YESTS OF FIRNRNED PROPELLABY .- -
hj ro 3 N/A SO.A4
EGDN NZA N/A ﬁﬁ
Akardie 11
ardls 77— 7] N
Craphite N/A
BRAY NZA 12 I8
uk 9
M re 0.5 0.3 T'_&‘n'
4’ - . - M M 1.‘
[ |
W0 uASls | nae
LTl - PIORCS NON ™ oD
v = u ~+—
PUATTR B) 1 200
LAY ﬂh 021 02 poy=s
Nawdadd 16231 90 %0 o9 [ C . N/A 41} 09
tmasss o MLA 2115 rax® 8/86
b N/A 1 8/86
The closed bombd Ctest used 2R-20 in the N/A k06 L]
827 form fired against t! 827 standard. =t r..ﬂ.li_ 86
700cc bomb, 0.1 gm/cc loa..ing density R/A 3.31 d
o V- it . ™) N/A 2. . "
N/A 30.43 [ 2830 ] 0
TVl O Pt B0 CONYAMB No. 327}46
SALKS Candelilla vax te used as & lubricant during extrusion snd may be present in
the propellant in trace amounts.

[oue

e —

50




i e o Il _J - o> G+ S ‘

nas Poe et
lllllll (11} llllll?l!l PLART, BADFORS, VA. 79
L S ST T L, T I N vy N —
95089; 95091; 95092 IO Cometmrt o [T~y ~—~v
m—m. as
on 110 s oy

ove L1000 w] A5t —IL._-
wie’-1 1]
R MANUFACTURE OF SOLVENTLESS m ANY ~

= - PROCESS-DRYING
= oad d
y 110°F Increase texnerature 20 110 2 S°E
110°F | 110°F Rold at tcngentgu
¥ Azbient Cool down for saznling
70O PRLANT COMmPOSON l TBTS Of FIRSNED mrﬁtm
Snver e | DRG]
Nitroce N/A NIA L - -CE.AQ_.' | CC 60+
" 4 rin N/A No es NE ] bt NE I hr
DECDN N/A mn /A lé-i‘ SO48 OF PROPRLLANT
Akardit 11 N/A _ N/A ) A3 1163
esi N/A N/A Ads. Dens. .7cc N/A 1.61
GCraphite N/A N/A aliani: -
m J‘]‘L Ope 'R L
N/A N/A :
Moisture 0.5 20.3 0.2
N/A ~31.40
[ ]
DY muasty | nar %
| - 90,97 1101.69 SPRORCA RON ] oD
290 192 42 1103 43 X Ellu 0 2.0
+148 T 104,25 Iluﬂl [ ] \ znn Yo
"Bt A NJA ADSQ N savm
Fowaes |s-231 90 .0 oK moox | N/A 0723 4
Middle N/A .073 .069 AR 8/86
The closed bomb test used 2R-20 in the [outer | N/A 072 1.09 T
827 fora fired against the 827 standard. o8| N /A Y =5
700 cc bomb, 0.1 gmw/cc lt?ading density. P& 143 ST s
N/A 12.96114.25

S
Y94 OF PACmNO CONtAmE  Wood Box No. 327043, Barrier Bag No. 327041, Carton No.

MALSES candelilla vax is used as & lubricant during extrusion and may be puunt in
the propellant im trace amounts.

R —

puF
L —
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SADFORD ARMY ABNORITION PLART, BADIORD, VA.

e

9508

Al o oynds

sonm 77

- e

- .. ° . B
Rdas™ RIS

»

OO0 Lo
9: 95091: 95092 ane r—ery

(VL5 Y ] )

110°F

v 1l ] L5t eed 0+ am
D O -

WANUTACTURE OF SOLVENTLESS PROPELLANT

PROCESS-DRYINS
Load Forced g;; Doy

3 Incy

110°F Hold st tc:pcratg;g

a

noa.f

]

Anb!en' Cool down for sanxling

MOMULLANT CORMOBNON

TRasaJT A MTHCAL WIS

l TBTS Of TS A0 PROPLLLABT .-

‘V/ Njtro
]

JEGDN

No

in

Akardit
Magnesy
Graphit

A

.'EHQ__
008 O/ FeosmLANT —uﬂ
s.

H;
aliang:

30X

EE EEEFH

11,78 JSTope _. L ElLosin

Mojstury

"

31,40

3

Ehrs : FFEF

D' myanie nar ¢

’ﬁn-ﬂnﬂz-bl..
9541 P X

-0
[2.68
[ ) )

74

90 X

The closed bomb test used 2R-20 in the
827 form fired against the 827 standard.
700 cc bomb, 0.1 gm/cc loading density.

S &9 PACDND COntamE

S$=-231 we e .
racx® B8/86

.058
.069

Middle
T

t

12.96
Wood Box No. 327043, Barrier Bag No. 327041, Carton

Candelilla vax s used as & lubricant during extrusion and may be present is
the propellant ia trace amounts.
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SADTSRC ARNY ARNOKRITION PLARY, BADFORD. VA. ract 932077
95089; 95091: 95092 mesmtmmi ] e | MoV e
— [T IB LV L WY § pE—— an
p—— "‘—L'LQL' y ) [
— e L llil (el LSt _med 202w
(A L] [ ]
oy MAKUFACTURE OF SOLVENTLESS PROPELLANY - g e
PROCESS-DRYING b
Shig~ d
- 11 ® QT—{L
10 130°F Hold at temper A
en
PROMRLANT CORPOBNON - YESTS OF FIRTSMED PROPL LABY ..o FABUTY As® RevBCAL YITS
Sonrmver _mhais | RRISy | Jhinp ] menns | e
Ni{tr NZA N £ W4AT TRSY He cc iQ' cc ﬁﬂ':
% 4n m’ No " 3 h NE l h‘
GDN SOM8 OF PROPRLANY
Akard 11 0 O g o ]
" m_ M o bs. Dens. cc m—
Graphite N/A 0. 0 Taliani: .
1228 [STope ¥ 100y | TS WY
3 r n : -33“-{'; Qz
: N/A N/A 31,40
]
[T MR V111 nar
n - PVOACA RON (] [ 1)
_AIH (] E;A 15-01 1%,
801 82 40 ATe B y ot vt
36,1 LY N/A 024 s
Nandand 5-311 90 o R [ /A 081 T -
oohate R R 0% 8/8
‘ N/A ;g%%s o JLaa® e/s:
The closed bomd test used 2R-20 in the 7]
827 form fired against the 827 standard. =t wa 479 i8S
700 ec bomb, 0.1 gm/cc loading density. - =S
‘ —H'—T% TPETY

PYPL OF PALHNE CONTamE
sl Candelills wvax {s used as a lubricant during extrusion end aay be present in
the propellant in trace amounts.

ou¥
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2R=20 7 Perf CGranunlar s Uy “au -
N/A 209 Pounds
QADFORD ARNY ANMOUNITIOR PLANY, BADFORD, VA. eraee 0y
- OO CONTIRt | & Nasss | Radas™ AL
95089 95091: 95092 YL )
S — ..—MZ.‘ SR a,
e w ddldl e] dS_med 02 _as
no B O [ ]
: MANUFACTURE OLVENTLE 109 ] R
PROCESS-DRYING M :
» Load Forced Alr Dry
1 d O°F Hold at temper ’
PROPRLLANYT €O PO BN <. SESTS OF FIRISHES PROPELLANY .- - Naenm Lo mracn 1O
Sonsrvext a rl seavs | atwa
Nitro-ellulose * Wyt ¢ £C 40° cC 60"+
3 JXCEL LA NE_ 1L hr
DEGDN N/A S04A OF PROIRLANY
Akardit 11 u uu \ ]]ﬂ
n N/A Abs. Dens. ce
Craphite | Taliang: o LSl
NA AL.18 ope [ 248
/A
Mois Q : ng;
* (/A N/A 31,40
0
W ssasie N ¢
92 42 11034 o™ 0 A 38 547
95 81 110425 Jouwars & A 335 .35%4
| I /A 023 . am
famdass | 5-23) 90 Y waoex § W v N/A .072 .072
emmanss Inner N/A 0715 | .068 J*ax® g/8¢
Quter )
The closed bomb test used 2R-20 in the
827 form fired agsinst the 827 standard. e} §leveo
700 cc bomb, 0.1 gm/cc loading density. -
- .

791 O PaCmu0 ConlamE 3

Nasms Candelilla wax fs used as 8 lubricant during extrusion and may be present in )

the propellant in trace smounts.

e

ywr
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T oo e

7 Pert

2ggnd!
QADFORD ARNY lllllmll vun GABFORD. VA. - )
v Ny R L d R [N w ' ve .
395089: 93091; 95092 ne ] wie | M mo
ez Ll % ln
ave 10,00 sw] A5¢ .an___....
. MANUFACTURE OF SOLVENTLESS PROPELLANY
- PROCESS-BRYINS kS
-h{pn oad 4 Y
- IIQ.E Py 0}
110°F | 110°F Hold at temperature
F | Ambien{ Coo)] down ling
FROPRLANY COMMOBNON l TISTS OF FIRIS KD MPEHIT o ! SIAUTY I MY SCAL VDTS
S e | ORo | e T e | awa
Nitroc N/A "\ ® CC 40°' cC 60’
v {n N/A N/A No Fumes A 1 hr NE L h;
DEGDN N/A N/A . 008 OF PROPRLANT
Akardit 1] N/A N/A 0.71 ) L1163
n .' NZA, Abs. Dens. ‘}-7?-—“6_.1
I m e i‘n‘?’:g’x—:_!tmj;‘—“‘——*‘“-
30X N/A N/A 12,28 _1310pe ‘pi 49
- N/A N/A_ 0.09 -
Moisture 0.5 20.3 0.2
N/A 3140
[ ]
W aasr | A %
an =40 SPIORCA RON os e
|__N/A 15.0 1 150
£148 N/A . 355 .354 w2153
N/A 023 | 2 ™)
®umam [5-231 90 N/A .072_| '
amanss N/A
N/A
The closed bomd test used 2R-20 in the
827 form fired against the 827 standard. =%
700 cc bomb, 0.1 gm/cc loading density. | N/A__
CJ k
N/A

¢ O Pacng Comam@m Wood Box No. 327043, Barrier Bag No.

4 Carton No. 327146

thc propellant in trace amounts.

»o

o\

Candelilla wax is used as a lubricant during extrusion and may bo present ia




JHY-1a=Y4 Fx1 1ils HzkLULES-KAUr Uy “aX N, 73303£7300 __PO:
LT L]
PROPELLANT [ SCRIPTION SHEET UW,’,‘,',’,.‘F,‘ ”E‘F
COmMPOMMGN  2p-16 19 Perf Stick s 74010002
¢ o TG e
L Boneywell Muleica GFR O82-002R =208, _Paunda
CONTLALT WUMBLL
“'SAT RADFORD ARMY AMMUNITION PLANT, RADFORD, YA. [ Noneywal: Subcontract 32077
VN MEN PN 0 IN0 BDaants” IR NS ] SERR R SRS
N o . 9 WTROO N CONRNT K) aBln BMGN'Q
‘ e 1 W
N
e I ‘5* 2wl
BROBON it
$7 RTINS R0
%i'ﬁ' 1T T
CE I Y _Evenspeed Rolling I
150 1160 Extrusion - Carpe = -
%S 59 Extrusion - Die - -
(110 1110 | Aonesling 280 1 -
reosnuant comrosnon L TESTS OF-FINISHED PRDPER“T.':" S
CONSTRUDNT "‘F..' - - acwAL
14 (WU TL A %Ef ﬁzz 47,688 ] wpav cc 40' cc 60'+ "
___[_uisssivcem A R/A 1310 [ee niwes NF ] Br T i
DIETATLERE SLYCALVRITAATE | WA 1 N/k T —22:2 : : !
—faamn g N/A N/A 0,15 ‘ i
—.-[_BASNISICE 818t _ ! = ——
B 17— TS 7S R L g —
. T05AL 100,40 MIBRSIY g nr | “ppg = 11,61 ‘
| Molsture AL N/A 0.20 S B '
. i Forn of Prop. o Oyl £xl
No. of Pexfs 19 1e _ ‘
a0 5 SBT3 . “s?{t‘f PR - v A dwy,
10T NUMSEE Timp °¢ ) sa B
- g5 3 #4228 7I8 | srancancs o ®
o= 9 2(21 3 NGO * B.""’.U T‘l
s 107,67 1104.03 Jousim ) 700 | ¢
LA TR BTN .023" .ogiL—!“;'m ‘
sranoaee | c-211 4 100.00 { ®wecox .09 097 .
aemasxs #—_ DI L. vacx 1/87 |
The closed bomb was shot using vy TE— f
carpe: troll cut {ato - /A 113 103§ 87 i
7.5"x.125"x.09" strips. N/A 7.95 |
- : 1z li1.s8 ;
: T X TIFTY i j
T o0 racxma contamwm Carton 127310; Barrier Bag i |
Blmases ‘

Candelills wax is used as a lubricant during extrusion and may be present in the
propellant in tracs amounts.

2 w.

SONATUEL 89 Developmant !ns:.nuz
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=

PROPELLANT DESCRIPTION SHEET

_Wﬂ'!nfm
EXEMPT.PARA T=%2
g)u .

" COmPORTION YT

a2 )2 Pexl Stick. o IoREZA10-00
e 672 Pounds

e RADFORD ARMY Auuuumou PLANT, RADFORD, VA. ";:,,,,,::1‘;' Subcontzace 332077

= NITROCELLBLASE: -« A R i e e
mw LNAG | BAMUTY R3asQ)
aax 1303w """ﬂ.‘ asa.
w1307 g0 oy
avp _13:10 g}7%5F asa] 22 ans

T e e st
- MARUFACTURE OF SOLVENTLESS PRBPELLANT:
- - ine
215 Differenrial Ralling
145 135 Evenspeed Rolling s -
150 160 Extrusion - Carpet Roll = -
145 155 Extrusion - Die - -
110 110 Annealing 240 !
PROPLUANT COMPOSINON  § v =~ TESTS OF FINISHED PROPELLANT:: STABIUTY AND PHTYSICAL TESTS
CONSTAUNNT ’flh‘nﬂ‘ !:;..u.l J.dunl ] rotMnLA acTuAL
[ WiTRoctLLoLest < - % u“ N/A 1 50.64 1 wear - cc 40°' cc 60'+
BITROSLYSERIN ¢ ¢35 N/A N/A 11.45 29 FRNES NF 1 Hr r
BIEYNYLENE SLYCOL SIMTRATE): " N/A R/A 19.24 . "
_anangn T =7 N/A _N/A 2711 “TaLaNi 1.0 ig/me ) 349
BASRESIOM 021D 011 M N/A 0.05 Riess stifine| .
SRAPNITE YT NIA N/A 0.05 W cal/em — N/A 1153
j—ROX o o N/A N/} 17,78
. TOTAL Jf& 488 BERSITY o /.. 1.61
| Moisture 77\ 20 | —
_Agh_ B/A B/A 0.09 J Form of Prop. Cvl (o) S
N/A 31,40 No. of Perfs 19 19
% “TIGSED BOMB coerr . R
totnumese  frime s R by "SI
TisY 90 .97 { 101 60 | PARANETER | sreancanon o Wersuid § s jactual
290 1 92,47 | NG (U —!.L__ﬂﬂ | N/ TN/
96 .81 25 foumime ) | w7, 200 1,690 N
PYRE. OIA. (#) NA 1213 121 DATES .
framoaes | c_23] +90) wooos lyueh Ave. ! N/aA 099 87 X
- L N/A 025 1,104 Jracxo 1/87
UMASES The closed bomb test used 2R-20 | N/A 1 108 [ oae lamras I7B7
Hn the 827 form fired against the 827 r s 1103 horeee— P
fstandard. 700cc bomb with 0.1 ga/ce ] 7.95 Voros 87
loading density. RU/A - T
: i N 11.83 11,50 FETioe
X }!%If

- D:d N/A
TY? Of Pacxio cOManem Carton 327310; Barrier Bag 3270 ;

J)

Candelills wax is used as & lubricant during extrusion and may be present in the
propellant in trace amounts.

somatval 0 Development Eﬁginsgé‘
P w. x;,.ﬁ/

Program Hanager

ARRCOM FORM 214 R 10 AUG 77

St G Fen §£7
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1AL ‘
*  PROPELLANT DESCRIPTION SHEET m 3 'T=1a
T CORPOLTION 19 Pert Seick B4 1 NUnst
erf St 234010-00%
RS Lfuls Vi
—Jtoneviell Multice GFA OR2-0028R — 672 Pounds
) CONTRACT MuaBiA
“" RADFORD ARMY AMMUNITION PLNT, RADFORD. YA, [Thoncyoct] Subconcrace 932077
oo e e wommatd” s s NITROCELLBLBSE: ity Mot i o i e
WTROOM CONMMT | K STARON | RAMUTY 03ad™C)
B95089; 95091; 95092 aar 100w ‘“"‘2,‘
ave 1310 g|75F 30+ mes
—— DIAOPON e MBS
- W ANYFACTURE OF SOLVENTLESS Pﬁﬂ?il’glﬂi@i&fﬁ
- 4 {ine -
PR Differenrial 3olling = [ 10
145 155 _Evenspeed Rolling I
150 160 Extrusion - Carper Roll - ot
145 155 Extrusion =~ Die - -
110 110 Anneulins 240 -
PeOPtUANT Comrasmon | - TESTS OF FINISHED PROPELUANT siiiicvc]  SIABATY and swrsicas musts
CONSTITURNT ,L’.‘.‘.“" rolivancy FERR e PORMULA ACTUAL
BITROCELLULOST _N/A N/A 50.66 weAY . cc 40' cc 60'+
BITROSLYCERIN Nji NZA 11.45 R0 FUMES NF 1 Rr NF I Br
BIETRYLERE CGLICOL BIMITRATE N/A N/A 11‘9.26 .
axArOn X N/A N/A 0.71 | “tattam 1.0 ag/u8_] 349
BAGNESION 821BE N/A N/A 0.05 Bless atitlas - v
SRAPMITE N/A N/A 0.05 {113 cal/sm _N/A 1163
S ) - A N/A 228 =
- 100,00 (11} l!lS"l;‘cc _HLL 1.
 Molsture, NIA N/A 0.20
_Agh N/A _ N/A 0.09 Fore of Prop, Cyl cy?
N/A N/A 3140 No. of Perfs 19 19
S IR DB AR SR N los D snﬁ'ﬁ Tileepel RDLW ;'DNS ""’"‘Ch!‘l - |
10T numste__{ 1wr %9 | R VERCY ol Mo'gn Qrmgagigas
ng =40 90.92 1101 69 JPARAMETER | ssancanow - ot | sec Actuat
290 1°92,47 ] We™ L ") " NTA 8.0 T80 1T w/a TNl
414583 94 R1 1104 25 jowmim®) ) w/,p -700 ) .686 LA .93
PIRS. DIA. i) —MLA . .m 021 1 oATES
stanpasp | c..2q1 +90 90.00% .0 ,007 1755
Y #___;ﬁi 090 .m(ua?
SMARLS The closed bomb test used 2R-20 icdie .10/ . 1UU ‘—'1737—_
Hn the 827 form fired against the 827 nner N/A 116 | .102 _horenm® ,....17
stapdard. 700cc bomb with 0.1 gm/cc . Ay - 8?
oading density. L N/A s
- |_N/A 11.43 11166 STRETTES
. N/A 12_1%
TYP1 O acxeee cOMIanem  Carton 327049 ; Barrier Bag 327202 ; Woo X 327088
Candelilla wvax is used as & lubricant during extrusion and wmay be present in the
propellant in trace amounts.
sosatual o0 Development Engineer Program Manager
P w. ‘\ -——9« 9 §7
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" PROPELLANT DEscmPnun snee | seem s o =

[ ComposTion ryr Ty : ‘
. 2R-20 7 Perf Stick HCL878010-00€
CHEA e PALKLS AMOUMT 175 Dounds
—doneywell Mulrice GFR 087 ;
canun-u-u-
vou mroun ARMY mnummu PLANT, RADFORD, VA. |“Honeywell Subconcract 932077

----- “RITROCELLDLBSE o ciohos

Mcm TNaRO: | BAMUTY i3ad'T ?‘V

BAS e 8 e DKL ang.
ave 1330 8| T 0N TS0F e
< MARUFACTURE OFf SSLVENTLESS PROPELLANT-
- J - ine
\710 218 Diff
145 155 _Evenspeed Rolling
150 160 Extrusion ~ Carpet Roll
| RS 130 Extrysion - Die - -
110 110 Annealing 240 -
(RS .
PROPILLANT COMPOSIION 2 STABIUTY AND PWTSICAL TUSTS
consTTuENT gg”';‘m"'. 3 -’.'“g"‘m' . nm owna | acva
aiTeocELLULDS | N/A 1 N/A 1 50.64 WAt . cec 40" cc 60'+
BITROGLYCERIN N/A N/A 11.45 as FeMts NF 1 Hr T
SIETHTLENE GLYCOL DINITRATE N/A N/A 19.24 $02M OF PROPRLLANT — JCyl
__ALARBW I N/A N/A 1 _0.71 ] “Tallani <1.0 dg/e8 | 349
BASNESION 0XIDE N/A N/A 0.05 Blepe stidinsn] .
SRAPMITE N“ E‘A 0.05 L[] Em_ - N/A 1163
—RDX N/A N/A 1 17,78
. TOTAL 100.00 488 DENSITY o /7. | i 1.61
L Molsture —N/A —N/A_ 0.20
[ Ash_ . N/A N/A 0.09
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Candelilla wax is used as a lubricant during extrusion and may be present in the
propellant in trace amounts.
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Candelills wax is used as 8 lubricant during extrusion and may be preunt in the
propellant in trace amounts.
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Candelills wvax is used as 8 lubricant during extrusion anéd may be present in the
propellant in trace amounts. .
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Candelills wax 1s used as a lubricant during extrusion and may be preunt in the
propellant {n trace amounts.
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Candel{lls wax is used as 8 ludbricant during extrusion and may be preunt in the

propellant in trace amounts.
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Candelills wvax 15 used as 8 lubricant during extrusion and may be preunt in the
propellant in trace amounts.
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Candelills wax 1s used as a lubricant during extrusion and may be present in the

propellant in trace amounts.
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Candelills wvax 1s used as a lubricant during extrusion and msy be ptcunt. in the
propellant in trace amounts.
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Candelills wax is used as a lubricant during extrusion and may be preunt in the
propellant in trace amousnts.
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LE.L:NI.; JUA 3 R/A orm of Prop.
h R/A
. Ria #D1d not _reach 140 mm _
|
|
L
e CLOSED BOMB iv-ez. o

10t numsta | TemP <5} R RN
T — PARINETER ] srecmcanom o musud | e lacruar
T T o 7t o e VT
S 112183 110692 77—
214 LI TY] 14 N/A N/A -J‘:;M
flanoaso PE~472-138 {400 1100.00§ weoes
racxed
“#¢1C%ed bomb vas shot using carpet roll lamnio
cut into scrips (7.5"x.125"x .090") 1631 Pousnto
fired sgainst the 829 standard (U T a—
700 cc bomb using a 0.1 gm/cc load
density. il P N/A N/A 1__Licewassue "

D:d N/A NA A

T e O™ lewer Pack-Can.

Candelilla wax 1s used as a lubricant during extrusion and may be pruent in the
propellant in trace amounts.

ssnatvet o0 Devejoppent sEng inecer Mf
D. W. Xrl‘tg‘tricﬁ /// Ly L0
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REPCRTS “ONTRCL SYSTEN
: _ PROPELLANT DESCRIPTION SHEET EXENPT PARA 20
SOMPOSITION: PROPELLANT JA-2 19-PERF HEX GRANULAR LIT NUMBER: RAZ-PD-150-0

E’CCXF!CATI:N: CT-P-642353; ORDER RELEASE NO. 235-%2. ~/7/%92 PACKEC AMOUNT: 5.5 pounds
MANUFACTUREZ: RACFCRC ARMY AMWUNITION 2LANT, RACFCAZ. VIRGINIA 24240 ZCNTRACT NUNBER: OAAACS-S:-2-Coc.

RITROCELLOLOSS
ACZEPTEC BLENC NUMBERS NITRCGEN CONTENT K:ess.TsAf:c:H ﬂﬁ‘gi?
ln 95539, BB 9554C. BBYS34. MAX 3.2 % 45 WINS 3. WINS
MIN 13.C€ 45 MINS 3 MINs i
AVS 13.13 45 MINS 3C.  MINS
EXPLOSION HRS
TENPERATURE. °F PROCESS - DRYING TIME
PROM T DAYS HOURS
145 158 CARPET ROLL AT EXTRUSION
| 160 17¢ EXTRUSION DIE
] 105 115 ANNEAL 3
ST g e TRET OF PINIOERD PROPELIANT
PRCPELLANT COMPOSITION STABILITY AND PHYSICAL TESTS
[ Percent Percent Percent
Constituent Formuls Tolerance Measured Tests Formula Aczua:

[m:roc.uulou 59.50 * 2.00 56.89 Heat test @ 120°C NCC 60° cC 60"~
Nitroglycerin 14.90 .2 1.0C 15.54 No fumes NF 60° NF 6C’
Diethylene glycol dinitraste 24.80 t 1.50 24.78
Aksrdit I 0.70 ¢ 0.20 0.7:

Magnesium oxide 0.0S - 0.02 0.03 HOE (cal/gQ} 1120 Nom. 118

Graphite 0.05 - 0.02 0.35 Absolute density., g/cc 1.56 min 1.56
Total 100.00 100.00

Moisture content 0.5 2 0.3 0.3 Form hexagonal hexagonal

[Mh content 3.3 MAX 0.1 Numper of perfs 19 19

Methylene chioride solubies 40.4 z 3.0 41.4
_ e = SROFELIANY. DINSRSIORS (INCEBS}
Relative Relative : - -Gnitormity by
Lot Number Temp °F Quicknass force .- 208 Dovinstion.
I PD-090-3 +90 82.7 99.9 . SPEC ‘DIE PINISNED { S¥RC ACTUAL
LENGTH 1in.i 0.75 NOM --- 0.736 6.25 MAX 4.56
[ C.D. {in.} 0.789 NOM 0.834 0.811 6.25 MAX 0.83
PERF (1in.) 0.027 NOM 0.026 0.026
STD~71136 100.00 100.0¢C WEB (avg! C.3i09 NOM --- .13 Dates
WEB !(inner. INFC --- 0.123 PACKEL 11-9:¢
REMARKS: FIRED IN A 70C CC BOMB AT C.20 G/CC LOADING WEB (middle) INFO .- 0.111 SAMPLEC 11-§2
DENSITY WEB iouter! INFO .- 0.108 TEST FINISHED 1.-9< i
L/D INFO 0.908 CFFERED 1-93 d
D/d INFO --- 3C.69 DESCRIPTION SHEETS
WEB (diff ) 15 MAX --- 4.04 FORWARDED
TYPE OF PACKING CONTAINER: DOT 21-C FIBER DRUM
REMARKS: THIS DRUM CONTAINED NET PROPELLANT WEIGHT OF 75.5 POUNDS
THIS LOT MEETS SPECIFICATION REQUIREMENTS
SIGNATURE OF CONTRACTOR’S REPRESENTATIVE ] SIGNATURE OF GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE
D. ZEOLI 9 C. N. HALL




. REPORTS CCNTRCL SYSTE:
PROPELLANT DESCRIPTION SHEET e e
CTMPCSITION: PRCPELLANT CAX-L 17-PERF NEX SRANULAR W7 SUMBER: RAZ-PC-177-2
HSPEC!FI:ATI:N. OCC-P-64C358: CRCEP RELEASE NC. 1358-92. °.°,/9% PACKEL AMCUNT: 92.5 pounas
“—LANUFA:?'.:RED: RACFGRZ ARMY AMMUNITIZIN PLANT. RAODFCRC. VIRGINIA l4.4L SONTRACT NUMBER: CAAAGS-31-1-3CC8
NITROCEILULOSE
ACCEFTES BLENC NUMBERS NITROGEN CINTENT e aee STABILITY
3B 33%39. BBISS4C. BAIII4L MAX 1I.1"% i':_o MINS 22_ MINS
MIN 13 3¢ $55_ MINS 5 MINs *
AVG 33.33 45.  MINS 30 __ NINS
EXPLOSION HRS
MANUPACTURR OF SOLVENTLRSS PROPELLANT
TEMPERATURE, °F PROCESS - ODRYING
FROM 0 DAYS HOURS
145 1558 CARPET RCLL AT EXTRUSION
160 170 EXTRUSION DIE
108 11% ANNEAL [
------ B e VAR OR W RN GEED FROPBLLANY. - . : -
PROPELLANT COMPOSITION STABILITY AND PHYSICAL TESTS
I Percent Percent Percent
Constituent Formula Tolerance Measured Tests Foraula Actual
Nitrocellulose $5.3) NOM. §5.73 Heat test § 120°C NCC 60 CC 60
I—NT:roqucann 13.86 NOM. 14.25 No fumes NF 60’ NF §0°
Diethylene glycol dinitrate 23.06 NOM. 22.72
RDX 7.00 NOM . 6.42
Akardit II 0.65 NOM. 0.74 HOE ical/g) Info 1un
Magnesium oxide 0.0% NOM . 0.06 Absolute density., g/cc Info - 1.59
Graphite 0.0% NOM . 0.08
[ Totai 100.00 100.00 Form hexagonal hexagonal
ﬂuh content 0.3 NOM 0.1 Nunber of perts 19 19
Methylene chlor.de sclubles 40.4 NOM 42.2
Moisture content G.§ NOM Q.3
Relative | Relative R ; '
Lot Number Temp °F Quickness Force
i Ra0-PD-090-2 90 81.6 101.1 Li
LENGTH (in.)
. - Q.D. (in.} 0.789 NOM 0.834 0.809 - | @rervem .| « 0.6
PERF (in.} 0.027 NOM 0.026 0.026 ; -
STD-71136 100.00 100.00 ] WEB (avyg) 0.109 NOM - 0.114 - Dates
WEB {inner) INFO .- 0.123 PACKED 11-92
REMARKS: FIRED IN A 700 CC BOMB AT 0.20 G/CC LOADING WEB imiddle) INFO --- 0.111 SAMPLED 11-92 .
DENSITY WEB (outer! INFO --= 0.108 TEST FINISHED 12-9<
L/D INFO == 0.921 OFFERED 1-93
o/d INFO .-- 30.94 OESCRIPTION SHUEETS
WEB (diff ) INPO .- 5.08 FORWARDED

TYPE OF PACKING CONTAINER:

DOT 21-C FIBER DRUM

REMARKS :

THIS ORUM CONTAINED NET PROPELLANT WEIGKT OF 92.5 POUNDS

THIS LOT MEETS SPECIFICATION REQUIREMENTS

D. ZEOLI 9

SIGNATURE OF CONTRACTOR'S REPRESENTATIVE

C. N. RALL
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SIGNATURE OF GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE




REPCRTS IINTRIL SYSTEM
EXEMPT FARA ~-3
AR 3R

PROPELLANT DESCRIPTION SHEET

CCMPOSITION:

- -
-

PROPELLANT JAX-. .3-PERF HEX SRANULAR NUMBER: RAD-PL-3130-3

SPECIFICATION: DCC-F-540358: JRUER RELEASE NZ. 23%-30. 70792 PACKEL AMCUNT: 117 zcunds
MANUFACTURED: RAZFZRZ ARMY AMMUNITICTK FPLANT. RACFCRC. VIRGINIA 244 ZONTRACZT NUMBER: CAAAZS-3.-2-0CC.
NITROCRLLULOSE
ASSTEPTEZ 3LENI NUMBERS NITROGEN CZCNTENT K:sss.‘l;a"e:;u ST?E‘E"?
I'Ta 95619, 8B 95541, 3B 934! MAX 1378 3. MINS Il MINS
MIN 13 3% 45+  MINS 37 MINS
AVG 11.22 45« MINS 3C.  MINS
EXPLTSION HRS
i MANUPACTURE OF SOLVENTLESZ PROPELILANT
TEMPERATURE. °F PROCESS - DRYING TIME
ﬂ FROM ™ DAYS HCUES
“ 145 152 CARPET RCLL AT EXTRUSION
162 175 EXTRUSION CIE
l” 105 e ANNEAL :
TEST OF FINIGERD PROFELLANT Bl |
PROPELLANT COMPCSITION STABILITY AND PHYSICAL TESTS
H Percent Percent Percent
Conszituent Formula Tolerance Measured Tests fFormula Actial
Nitrocellulose $1.77 NOM . 54.48 Heat test @ 120°C NCC 60 <C 60 -
Nitroglycer:n 12.96 NOM . 12.59 No fumes NF 60° NF 6C°
Diethylene glycol dinitrate 21.58 NOM. 20.57
ROX 13.¢C NOM . 12.1¢
qud;: 11 0.61 NOM. 0.68 HOE tcai/g) Into 1144
Msgnesium oxide C.04 NOM. 0.3% Absolute density. g/cc Infc .88
I;lphlt. 0.04 NOM . 0.03
r Total 195.00 100.07 Form hexagonal hexagora.
Ash content 2.3 NOM c.: Nuaber of perfs 19 15
Metlylene chloride solubles 40.4 NOM 44.3
Moisture content 0.5 NOM 0.2
CLOSED 3018 FAOSELIANT DINEREBIONE (INCERS)
Relative Relative i vaitormity by
Lot Number Temp °F Quicknass force ‘$td Deviation, §
RAD-PD-09C-3 -1 1.1 121.7 SPEC ‘BiL PINISHED SPEC ACTUAL
LENGTH tir. .75 NOM -——- 0.760 --- L.98
0.L. .in.: C.789 NOM 0.834 c.810 --- c.°2
PERF .in. S.J327 NOM C.026 0.227
37TC-71136 1¢C.cC 100.00 | WEB iavg. 0.109 NOM --- c.114 Dates
WEB :nner, INFC --- C.1:4 PACKEZ 11-31
REMARKS: FIRED IN A 730 CC BOMB AT C.20 5. CC LOADING WEB imidd.e INFC --- C.108 SAMPLEC 11-30 R
DENSITY WEB outer: INFC --- o.ii2 TEST FINISHEL .i1-31 |
L/c INFC --- C.938 CFFERET (-3¢ |
D/a INFO --- 3C.16 DESZRIPTION SHEETS
WEB (diff W) INFC .-~ 1.32 FORWARDEL
TYPE OF PACKING CONTAINER: DCT 21-C FIBER DRUM

THIS DRUM CONTAINED NET PROPELLANT WEIGHT OF 100
THIS LOT MEETS SPECIFICATION REQUIREMENTS
SIGNATURE OF GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE

REMARKS: POUNDS

l SIGNATURE OF CONTRACTOR'S REPRESENTATIVE




REPORTS TONTRTL SYSTEM

PROPELLANT DESCRIPTION SHEET EXEWPT PARM LS
TOMPCSITION: PRCPELLANT JAX-. .7-PERF REX SRANULAR ST NUMBER: RAZ-PT-C3C-4
SPECIFICATIIN: DOL-P-54-3 8: -PE5 RELZASE NC. 133-5.. - - 32 PAZKEZ AMCUNT: ... pounas
MAGFACT.RES: RACFCRC ARMY AMMINITIZN FLANT. RADFIARC VIAGINIA 24.4. TINTRACT NUMBEZF. OCAAACS-9.-2-20:0:
NITROCBLLULOSE
¥1 STARZH STABILITY
ACSEFTEC BLENZ NUMBERS NITROGEN CONTENT €5.392 1134802
86 33335. BB 95341, 8B 3534 MAX i e 4t-_ MINS 3. mIns
MIN I ls 4i- MINS il MINS
AVG 11 %3 45 MINS 3i.  MINS
EXPLOSION HRS

JONUPACTURE OF SOLVENRTLRES PROPELLANT
PRTCESS - ZRYING T:

TEMPERATURE. ©°f
FROM
145
160
108

]

DAYS HOURS

CARPET RILL AT EXTRUSICH
EXTRUSIIN DIE
ANNEAL

-
wm
o w

-
~

W

»e
M
o

TEST OF FIRISKED PROFELLANT

=w==“T
gl
x
™

PROPELLANT CIMPCSITION STABILITY AND PHYSICAL TESTS
rercen: Percent Percent
Constituent Formula Tolerance Measured Tests Formuia Actua.
"Nx::occliulose 48.58 NOM 46.6% hear test @ 12(°Z NCC 6C° [osaliy ot
“Nx:toglyconn 12,11 NOM 13.54 Nc fumes NF 60° NF €C°
Ibuthylcnc glycol dinitrate 2516 NOM 21.60
I RDX 18.7¢ NOM. 17.42
j Axardic 11 c.2? NOM 0.71 HOE ical/g! info 115¢
Magnesium oxide 2.24 NOM .3 Absclute density, g/cc Infc .. 62
Graphite .24 NOM 0.0%
Total ict.s 100.0¢C Form nexagonal nexagona.
Ash content JoRi! NOM 0.1 Number of perfs 19 9
Methyiene chloride sc.ublies 4z.4 NOM 46.7
Moisture content 3.3 NOM 0.2
CLOSED 3OME . 5 + FROPELLANT DIMERSIONS (INCRES)
Relative | Reiative g - G L < Ynitormity by
Lot Number Temp °F Quickness Force K Scd Devietion. §
|| RAD-PD-C90-4 N 79.8 103.1 " SPES ‘DI FISTESUED sPRC ACTUAL
LENGTH iin.- .75 NOM .- 0.762 --- P
C.D. tin.? 0.789 NOM C.834 0.818 --- 1.54
PERF (in.) 0.027 NOM 0.02¢ 0.027
STC-7113¢€ 100.CC 100.0¢ WEB iavg. 0.139 NOM --- C¢.11% Dates
WEB !inner. INFC --- 0.11C PACKEL 11-5:
REMARKS: FIRED IN A 0C CC BOMB AT .20 G/CC LOADINS WEB middie, INFC .- 0.167 SAMPLED 1i-5:
OENSITY WEB outer INFC --- .27 TEST FINISKEZ .I-:!
L/D INFC --- 0.932 OFFEREZ 1-33
ord INFO - 3¢.82 DESTRIPTICN SHEETS
WEB (daff %, INFC --- 6.94 FORWARDED
[ TYPE OF PACKING CONTAINER: DCT 21-C FIBER DRUM
I REMARKS: THIS DRUM CONTAINED NET PROPELLANT WEIGHT OF 100 POUNDS
I THIS LOT MEETS SPECIFICATION REQUIREMENTS

SIGNATURE OF CONTRACTOR’'S REPRESENTATIVE SIGNATURE CF GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE

C. N. HALL
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1 Director
U.S. Amny Research
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U.S. Amy Research
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U.S. Army Armament Research,
Development, and Engineering Center

ATTN: SMCAR-CCS
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U.S. Army Armament Research,
Development, and Engineering Center
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Commander
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U.S. Armmy Armament Research,
Development, and Engineering Center

ATTN: SMCAR-AES, S. Kaplowitz
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Commander
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Development and Engineering Center
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Picatinny Arsenal, NJ  07806-5000

Commander
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Development and Engineering Center

ATTN: AMSMC-PBE, D. Fair

Picatinny Arsenal, NJ 07806-5000

Commander

U.S. Army Armament Research,
Development and Engineering Center
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Picatinny Arsenal, N] 07806-5000

Commander

U.S. Army Armament Research,
Development and Engineering Center
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Picatinny Arsenal, NJ 07806-5000

Commander

U.S. Army Amament Research,
Development and Engineering Center

ATTIN: SMCAR-FS, T. Gora
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Commander
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U.S. Army Armament Research,
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ATIN: SFAE-ASM-AB
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Development Center
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Office of Naval Research
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US Naval Surface Warfare Center
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Office of Naval Technology
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Naval Surface Warfare Center
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L. Quinn
T. Edwards
5 Pollux Drive
Edwards AFB, CA 93524-7048

WL/MNAA
ATTN: B. Simpson
Eglin AFB, FL. 32542-5434

WLMNME

Energetic Materials Branch
2306 Perimeter Rd.

STE9

Eglin AFB, FL. 32542-5910

WL/MNSH
ATIN: R. Drabczuk
Eglin AFB, FL. 32542-5434




NASA Langley Research Center
ATTN: M.S. 408,

W. Scallion

D. Witcofski
Hampton, VA 23605

Central Intelligence Agency
Ofice of Information Resources
Room GA-07, HQS
Washington, DC 20505

Central Intelligence Agency
ATTN: J. Backofen

NHB, Room 5N01
Washington, DC 20505

SDIO/TNI

ATTN: L.H. Caveny
Pentagon

Washington, DC  20301-7100

SDIO/DA

ATTIN: E. Gerry

Pentagon

Washington, DC  21301-7100

HQ DNA
ATTIN: D. Lewis
A. Fahey
6801 Telegraph Rd.
Alexandria, VA 22310-3398

Director

Sandia National Laboratories

Energetic Materials & Fluid Mechanics
Department, 1512

ATTN: M. Baer

P.O. Box 5800

Albuquerque, NM 87185

Director

Sandia National Laboratories
Combustion Research Facility
ATTN: R. Carling
Livermore, CA 94551-0469

Director

Sandia National Laboratories
ATTN: 8741, G. A. Beneditti
P.O. Box 969

Livermore, CA 94551-0969

78

Director
Lawrence Livermore National

Laboratory

ATIN: L-355,
A. Buckingham
M. Finger

P.O. Box 808

Livermore, CA 94550-0622

Director
Los Alamos Scientific Lab
ATIN: T3/D. Butler

M. Division/B. Craig
P.O. Box 1663
Los Alamos, NM 87544

3M Specialty Chemicals
ATTN: A. P. Manzara
Bidg 70-2

10746 Chemolite Road
Cottage Grove, MN 55016

Battelle
ATIN: TWSTIAC
V. Levin
505 King Avenue
Columbus, OH 43201-2693

Battelle PNL

ATTN: M.C.C. Bampton
P.O. Box 999

Richland, WA 99352

E. I. Du Pont De Nemours & Co, .Inc.
Potomac River Works,

ATTIN: M. McGowan

Martinsburg, WV 25401

Eli Freedman & Associaters
2411 Diana Road
Baltimore, MD 21209

Institute of Gas Technology
ATIN: D. Gidaspow

3424 S. Suate Street
Chicago, . 60616-3896

Institute for Advanced Technology
ATTN: TM. Kiehne

The University of Texas of Austin
4030-2 W. Braker Lane

Austin, TX 78759-5329




<

CPLA - JHU
ATIN: H.]. Hoffma.
T. Christian
10630 Little Patuxent Parkway
Suite 202
Columbia, MD 21044-3200

Brigham Young University
Department of Chemical Engineering
ATIN: M. Beckstead

Provo, UT 84601

Jet Propulsion Laboratory
California Institute of Technology
ATTN: L.D. Strand, MS 125/224
4800 Oak Grove Drive

Pasadena, CA 91109

California Institute of Technology
204 Karman Lab

Main Stop 30145

ATTN: F.E.C. Culick

1201 E. California Street
Pasadena, CA 91109

Georgia Institute of Technology
School of Aerospace Engineering
ATIN: B.T. Zim

E. Price

W.C. Strahle
Atlanta, GA 30332

University of Illinois
Department of Mechanical/Industry
Engineering
ATIN: H. Krier
R. Beddini
144 MEB; 1206 N. Green St.
Urbana, IL. 61801-2978

University of Massachusetts
Department of Mechanical Engineering
ATIN: K. Jakus

Amberst, MA 01002-0014

University of Minnesota

Department of Mechanical Engineering
ATIN: E. Fletcher

Minneapolis, MN 55414-3368

79

Stefan T. Thynell
C. Merkle
University Park, PA 16802-7501

Reansselaer Polytechnic Institute

Department of Mathematics
Troy, NY 12181

Stevens Institute of Technology
Davidson Laboratory

ATTN: R.McAlevy IIl

Castle Point Station

Hoboken, NJ 07030-5907

Stevens Institute of Technology
Higbly Filled Materials Institute
ATTIN: Dr. Dilhan M. Kaylon
Hoboken, NJ 07030

Rutgers University
Department of Mechanical and
Aecrospace Engineering
ATIN: S. Temkin
University Heights Campus
New Brunswick, NJ (08903

University of Utah

Department of Chemical Engineering
ATTIN: A Baer

Salt Lake City, UT 84112-1194

Washington State University
Department of Mechanical Engineering
ATIN: C.T. Crowe

Pullman, WA 99163-5201

AFELM, The Rand Corporation
ATIN: Library D

1700 Main Street

Santa Monica, CA 90401-3297

Armow Technology Associates, Inc.
ATTN: W. Hathaway

P.O. Box 4218

South Burlington, VT 05401-0042

R T




_

AAI Corporation
ATIN: J. Hebent
J. Frankle
D. Cleveland
P.O. Box 126
Hunt Valley, MD 21030-0126

Alliant Techsystems, Inc.
ATIN: R.E. Tompkins

J. Kennedy
7225 Northland Dr.
Brooklyn Park, MN 55428

Textron Defense Systems
ATIN: A. Patrick

2385 Revere Beach Parkway
Everett, MA 02149-5900

General Applied Sciences Lab
ATTN: J. Exdos

77 Raynor Ave.

Ronkonkama, NY 11779-6649

General Electric Company
Tactical System Department
ATIN: J. Mandzy

100 Plastics Ave.

Pittsfield, MA 01201-3698

OTRI

ATIN: M.J. Klein

10 W. 35th Street
Chicago, IL.  60616-3799

Hercules, Inc.
Radford Army Ammunition Plant
ATTIN: L. Gizzi
D.A. Worrell
W.J. Worrell
C. Chandler
F. T. Kristoff
Radford, VA 24141-0299

Hercules, Inc.

Allegheny Ballistics Laboratory

ATIN: William B. Walkup
Thomas F. Farabangh

P.O. Box 210

Rocket Center, WV 26726

Hercules, Inc.

ATIN: D.D. Whitney
100 Howard Bivd.
Kenvil, N] 07847

Hercules, Inc.

Hercules Plaza

ATIN: B.M. Riggleman
Wilmington, DE 19894

Hercules, Inc.
ATTN: E. Hays Zeigler
Kenvil, NJ 07847

MBR Research Inc.

ATTN: Dr. Moshe Ben-Reuven
601 Ewing St., Suite C-22
Princeton, NJ 08540

Olin Corporation

Badger Army Ammunition Plant
ATIN: FE. Wolf

Baraboo, W1 53913

Olin Ordnance
ATTIN: E.J. Kirschke
AF. Gonzalez
D.W. Worthington
P.O. Box 222
St. Marks, FL.  32355-0222

Olin Ordnance

ATTIN: H.A. McElroy
10101 9th Street, North
St. Petersburg, FL. 33716

Paul Gough Associates, Inc.
ATIN: P.S. Gough

1048 South St.

Portsmouth, NH 03801-5423

Physics International Library
ATIN: H. Wayne Wampler
P.O. Box 5010

San Leandro, CA 94577-0599




Princeton Combustion Rescarch
Laboratories, Inc.
ATIN: N. Mer
N.A. Messina
Princeton Corporate Plaza
11 Deerpark Dr., Bidg IV, Suite 119
Monmouth Junction, NJ 08852

Rockwell Intemational

Rocketdyne Division

ATTIN: BAOS, ). Flanagan
WC79, R. Edelman

6633 Canoga Avenue

Canoga Park, CA 91303-2703

Rockwell International Science Center
ATTN: Dr. S. Chakravarthy
Dr. S. Palaniswamy
1049 Camino Dos Rios
P.O. Box 1085
Thousand Oaks, CA 91360

Southwest Research Institute
ATTIN: J.P. Riegel

6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510

Thiokol Corporation
Elkton Division

ATTN: Tech Library
P.O. Box 241

Elkton, MD 21921-0241

81

Thiokol Corp.

ATTN: Dr. David A. Flanigan
PO Box 707

Brigham City, UT 84302-0707

Thiokol Corp.

Tactical Operations

PO Box 400006

ATTIN: W. H. Oetjen
Huntsville, AL 35815-1506

Veritay Technology, Inc.

ATTN: E. Fisher

4845 Millersport Hwy.

East Amherst, NY 14501-0305

Universal Propulsion Company
ATTN: HJ.McSpadden
25401 North Central Ave.
Phoenix, AZ 85027-7837

SRI Intemational

Propulsion Sciences Division
ATIN: Tech Library

333 Ravenwood Avenue
Menlo Park, CA 94025-3493

Aberdeen Proving Ground

Cdr, USACSTA
ATTN: STECS-PO/R. Hendricksen

———




Emst-Mach-Institut

ATTN: Dr. G. Zimmerman
Haupstrasse 18

Weil am Rheim

Germany

Defence Research Agency, Military
Division

ATIN: Dr.D. Tod

Room 20, Bld. X50, ETS

Fort Halstead

Sevenoaks, Kent, TN14 7BP

England

School of Mechanical, Materials, and
Civil Engineering
ATTN: Dr. Bryan Lawton
Royal Military College of Science
Shrivenham, Swindon, Wiltshire, SN6 8LA

England

Prins Maurits Laboratorium
ATTN: Mr. Jan Miedema
P.O. Box 45

2280 AA Rijswijk ZH

The Netherlands

Etablissement Technique de Bourges (ETBS)

LPI (Division Laboratoires Matemiaux
Pyrotechniques et Inertes)

BPn°712

ATTIN: Mr. Alain Fabre

18015 Bourges CEDEX

France

82

SNPE Centre de Recherches du Bouchet
ATTN: Mr. Robent Nevitre

BP2 91710 Ven-le-Petit

France

Institut Saint Louis

ATIN: Dr. Marc Giraud
Dr. Gunther Sheets

Postfach 1260

7858 Weil am Rbein |

Germany

Explosive Ordnance Division

ATTIN: A. Wildegger-Gaissmaier

Defence Science and Technology
Organisation

P.O. Box 1750

Salisbury, South Australia 5108

Chief

Defence Research Establishment Valcartier
ATTN: Dr. S. Duncan

P.O. Box 8800

Courcelette, Quebec GOA 1RO

Canada

BICT

ATTN: Dr. Burkhard Nicklas
Grosse Cent

D-53913 Swisttal 1
Germany




et aet e o —= - - = T TR R Ty ae Sas L x e o g

USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your
comments/answers (o the items/questions below will aid us in our efforts.

1. ARL Report Number __ ARL-TR-465 Date of Report _June 1994
2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for
which the report will be used.)

4. Specifically, how is the report being used? (Information source, design data, procedure, source of
ideas, etc.)

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved,
operating costs avoided, or efficiencies achieved, etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future reports? (Indicate
changes to organization, technical content, format, etc.)

Organization

CURRENT Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

7. If indicating a Change of Address or Address Correction, please provide the Current or Correct address
above and the Old or Incorrect address below.

Organization

OLD Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

(Remove this sheet, fold as indicated, tape closed, and mail.)
(DO NOT STAPLE)




NO PCSTACE
NECESSARY
IF MAILED
IN THE
UNITED STATE

cemueraees o A . i

OFFACIAL BUSINESS BUSINESS REPLY MAIL
FRST CUASS PERMIT No 0001, APS, MO

Pestage will be paid by addressee.

Director
~ U.S. Army Research Laboratory

ATTN: AMSRL-OP-CI-B (Tech Lib)
“Aberdeen Proving Ground, MD 21005-5066

(i




