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INTRODUCTION

Background

At the present time, an Army-wide expansion program is in
progress to modernize existing, and develop new manufacturing and
Load-Assemble-Pack (LAP) facilities for the handling of energetic
materials and their related end items. This systematic effort
will enable existing ammunition plants to achieve increased
production cost efficiency with improved contingency safety, and
also provide for the integrated capability of manufacturing new
weaponry within existing facilities. As an integral component of
the overall programming concept, the Special Technology Branch,
Energetic Systems Frocess Division, ‘Large Caliber Weapons Systems
Laboratory of ARRADCOM, Dover, N.J., under the direction of the
U.S. Army Production Base Modernization Agency, is currently
engaged in the development of specific safety criteria in direct
responsive support of ammunition plant manufacturing and LAP
operations.

Objective

Tne primary objective of this program is to establish and
statistically confirm, through experimental evaluation, the safe
non-propagative separation distance between 155mm M795 HE
Projectiles as they progress from one loading operation to the
next along their production Tline. The development of
statistically acceptable safety criteria for use in determining
loading line spacing for existing and future ammunition plants
utilized in the production of this projectile is also intrinsic
to this program.

The overall program effort is to supplement and/or modify
existing safety regulations and criteria pertaining to the safe
spacing of ammunition and other energetic materials to assist
explosive loading plants in their LAP Tlayouts fur the most
effective and economic man-machine relationship.

Criteria

This test program was implemented to determine the safe
spacing of 155mm M795 HE Projectiles under simulated loading
plant conditions, so that the effects of a major unscheduled
detonation of a munition on the assembly line will be limited to
the immediate area and/or loading bay, and not be propagated to
either adjacent loading activities or the entire facility causing
catastrophic results. Therefore, the only acceptable criteria ir
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é: the establishment of safe separation distances is the
: non-propagation of the donor detonation to the acceptor units.

ATl safe separation distances specified within this report
are measured between axial centerlines of the donor and acceptor
units.
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TEST CONFIGURATION

General

Testing of the 155mm M795 HE Projectile to establish and
statistically confirm the minimum non-propagative distance
between donor and acceptor projectiles, under simulated
manufacturing line conditions, was conducted at the National
Space Technology Laboratories Hazard Range Test Facility in
Mississippi. Tests were initiated during May 1980 and were
completed during July 1980.

After a facility review meeting, it was determined that the
projectile test positioning should be a vertical, base-down
configuration with a fully cast-loaded funnel inserted in the
nose of each test projectile.

As mentioned, the actual test program consisted of two
phases: an exploratory phase and a ronfirmatory phase. By
utilizing various donor-to-acceptor cen.orline distances during
the evploratory phase, the minimum non-propagation distance
between adjacent projectiles could be established. The following
confirmatory phase consisted of a sufficient number of tests at
the previcusly decermined non-propagation distance, to establiish
a statistical reliability of the non-propagation at that
distance.

Test Specimens

The test specimens utilized for this study program we‘e the
unfuzed 155mm M795 HE Projectiles, with the 1ifting plug removed
and a fully loaded casting funnel inserted in the projectile nose
cavity (fig. 1). The projectiles were aiways oriented vertically
(nose up) at detonation and were only tested singularly.

The 155mm M795 HE Projectile is 74.8 centimeters (29.5
inches) in maximum length, without either lifting plug, fuze, or
casting funnel. It has a maximum diameter at the rotating band
of 15.80 centimeters (6.22 inches) and an average overall
projectile weight of 45.8 kilograms (101.0 pounds). The
projectile cortains 11.0 kilograms (23.5 pounds) of type 1 TNT
(MIL-T-248).

Test Arrangements

EFach test layout ccnsisted of one donor and two acceptor
projectiles arvayed in a straight line and raised off the ground
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to simulate the conveyor system's average height above the
building floor as shown in figure 2. The center specimen served
as the donor while the projectiles at either side served as the
acceptor specimens, thus producing two acceptor sets of test data
results for each test donor detonated. During the exploratory
test phase, the test separation distance between the donor and
the acceptor projectiles was varied, from test to test, and also
within single test firings. However, the donor-to-acceptor
separation distance was always held constant during the
confirmatory test phase.

The exploratory phase of the program consisted of a test
array of three 155mm M795 KE Projectiles arranged in a vertical
(nose up), linear position, and mounted on a 2.54- by
15.24-centimeter (1.0- by 6.0-inch) pine board to simulate the
conveyor system. The test projectiles were supported by low
density concrete blocks (two under each donor and acceptor
projectile) approximately 45.7 centimeters (15 inches) above the
existing terrain to again fully simulate the LAP facility's
conveyor system. During this phase, which consisted of 10 test
detonations, the separation distances, measured centerline to
centerline between the projectiles, ranged from 2.44 to 4.57
meters (8.0 to 15.0 feet).

The confirmatory test phase consisted of a series of 25
tests utilizing the identical test array as that used in the
exploratory phase. The centerline separation distances were,
however, held constant to compile the necessary statistical data.

Figure 3 is a pre-test view of the projectile array for a
typical exploratory test detonation. The left and right
acceptors were color-coded to facilitate post-test fragment
identification.

Method of Initiation

The donor projectile (detonated sample) was primed with a
booster charge consisting of 0.09 kilogram (3.0 ounces) of
Composition C4 explosive, had a ioaded casting funnel placed in
its nose, and was initiated electrically by an engineer's special
J2 blasting cap. This method of donor initiation insured that
the donor projectilc always detonated high order.




TEST RESULTS

General

As previously stated, the safe separation distance
propagation tests of 155mm M795 HE Projectiles consisted of an
exploratory and a confirmatory test phase. The results of these
test phases are discussed below and appear in table 1.

Exploratory Phase

A total of ten exploratory tests were conducted utilizing
various separation distances (measured between projectile
centerlines), ranging from 2.44 to 4.57 meters (8.0 to 15.0
feet). High order propagations of the donor detonation occurred
up to the 3.05-meter (10.0-foot) spacing between projectiles.
Figures 4, 5 and 6 are post-test views of the test results.
Specifically, the test results in figure 4 were attained with a
donor-to-acceptor distance of 2.44 meters (8.0 feet). Note that
the projectile body in the picture was severely damaged by donor
fragments, but the explosive cumpositions were not consumed.
The thinner metal components in the foreground are recovered
casting funnel parts. Figure 5 is a close-up of a deep
penetration into an acceptor projectile by a donor fragment at
the 3.05-meter (10.0-foot) spacing between the donor and
acceptor. This particular acceptor did not detonate from the
fragment penetration; it was asserted that this type of damage
would eventually lead to the propagation of a projectile.
Therefore, a safe spacing of 4.57 meters (15.0 feet) was
established for use throughout the confirmatory test phase.
Figure 6 1is a typical post-test view of an intact acceptor
projectile at the 4.57-meter (15.0-foot) spacing. Note that
there were fragment hits, but no significant penetrations
through the casing of the projectile.

Confirmatory Phase

The confirmatory test phase consisted of 25 test
detonations involving 50 acceptors (tests ros. 11 to 35 of table
1) and yielding 50 valid data points at a projectile spacing of
4.57 meters (15.0 feet).

Analysis of Test Results
Variation in manufacturing tolerances, materials, wear,

etc., required that statistical methodology be employed when
interpreting the confirmatory test data. The actual probability
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of the continuous propagation of an unexpected explosive
incident at a LAP f.cility ammunition production line is a
function of the number of propagation occurrerces 1in a
particular test phase compared to the total number of test
detonations conducted (see appendix for statistical theory).

In the confirmatory test phase of the 155mm M795 HE
Projectile non-propagation study, a total of 50 observations
were recorded at the 4.57-meter (15.0-foot) spacing distance.
An upper limit of 7.11 percent probability of propagation of an
explosive incident at the 95 percent confidence level has been
calculated, using these aforementioned parameters.

Similarly, in a large number of tests, 95 out of every 100
times, the probability of an unexpected explosive incident
propagating to a catastrophic event will be less than, or equal
to, 7.11 percent. This value is an indication of the quality of
the test results and the reliance that can be placed upon the
conclusions drawn from the data.




|

CONCLUSIONS

It may be concluded from the results of the 155mm M795 HE
Projectile non-propagation tests that the safe separation
distance between adjacent single projectiles with loaded casting
funnels is 4.57 meters (15.0 feet). At this distance, the
probability of the propagation of an explosive incident is 7.11
percent at the 95 percent confidence level.
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E Table 1. 155mm M795 HE Projectile single-round tests
:z
v Test Separation
; No. m_{ft) Remarks
) 1. 4,57 (15) NDPa, minor hits
' R 3.05 (10) NDP, few funnel penetrations
2L 2.44 (8) NDP, tunnel fragmented, many projectile
penetrations
R 2.44 ( 8) NDP, projectile and funnel fragmented
3L 3.05 (10) NPD, funnel fragmented
R 3.05 (10) NDP, funnel fragmented
4L 3.05 (10) NDP, funnel fragmented
R 3.05 (10) NDP, funnel fragmented
5L 3.05 (10) NDP, funnel fragmented
R 3.05 (10) NDP, funnel ripped open, projectile
cracked
6L 3.05 (10) NDP
N 3.05 (1Cc) NDP, funnel fragmented 3
7L 3.95 (10) NDP ’
R 3.05 (10) NP
8L 3.05 (10) NDP i
R 3.05 (10) NDP ‘
9L 3.05 (10) NDP !
R 3.05 (10) NDP, funnel fragmented
10L 3.05 (10) NDP, many projectile penetrations 'i
R 3.05 (10) Hopb ]
11L 4.57 (15) NDP !
R 4,57 (15) NDP, funnel fragmented
12L 4,57 (15) NDP, many projectile hits
R 4,57 (15) NDP
13L 4.57 (15) NDP {
R 4.57 (15) NOP
.t
{
1
i
8 !




Table 1. 155mm M795 HE Projectile single-round tests

(cont'd)
Test Separation
No. m (ft) Remarks
14L 4,57 (15) NDOP
R 4.57 (15) NDP
15L 4,57 (15) NDP, projectile fragmented
R 4.57 (15) NDP
16L 4.57 (15) NPD
R 4.57 (15) NDP
17L 4.57 (15) NDP
R 4.57 (15) NDP
18L 4,57 (15) NDP, minor funnel hits
R 4.57 (15) NDP
19L 4.57 §15) NDP
R 4.57 (15) NDP, funnel fragmented
20L 4.57 (1%) NDP, projectile and funnel fragmented
R 4.57 (15) NDP
21L 4.57 (15§ NDP
R 4.57 (1% NDP
22L 4.57 (15; NDP
R 4.57 (15 NDP, few funnel penetrations
23L 4,57 (15) NDP, many funnel penetrations
R 4,57 (15) NDP
24L 4.57 (15) NDP
R 4.57 (15) NDP, few funnel penetrations
25L 4.57 (15) NDP, few funnel and projectile
penetrations
R 4.57 (15) NOP, funnel fragmented, several projectile
hits
26L 4,57 (15) NDP
R 4.57 (15) NDP, funnel fragmented
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Table 1.

Test
No.
27L

28L

29L

R
30L
31L
32L
33L
34L

35L

155mm M795

HE Projectile single-round tests
(cont'd)

Separation
m (ft) Remarks
4,57 (15) NDP
4.57 (15) NDP
4,57 (15) NDP
4.57 (15) NDP, funnel fragmented, few projectile
penetrations
4.57 %15; NPD, few funnel penetrations
4.57 (15 NDP, funnel fragmented
4.57 (15) NDP, few funnel penetrations
4.57 (15) NDP, few funnel penetrations
4,57 (15) NDP
4.57 (15} NDP
4,57 (15) NDP, funnel fragmented
4,57 (15) NDP, funnel fragmented
4.57 (15) NDP, funnel fragmented
4,57 (15) NDP, few funnel penetrations
4,57 (15) NDP
4.57 (15) NDP
4,57 &15; NDP, funnel fragmented
4.57 (15 NDP, funnel fragmented

aNDP: No Detonation Propagation

bHoD : Propagation to High Order Detonation
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2.44-meter (8.0-foot) test result

Figure 4.
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APPENDIX

STATISTICAL EVALUATION OF EXPLOSION PROPAGATION
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STATISTICAI EVALUATION OF EXPLOSION PROPAGATION

Statistical Theory

The possibility of the occurrence of explosion propagation
based upon a statistical analysis of the test results has been
evaluated in the main body of the report. This appendix is
devoted to the mathematical means by which the statistical
analysis was performed.

The probability of the occurrence of an explosion
propagation is dependent upon the degree of certainty or
confidence level involved and has upper and lower limits. The
lower limit for all confidence levels is zero; whereas the upper
limit is a function of the number of observations or, in this
particular case, the number of acceptor items tested. Since each
observation is independent of the others and each observation has
a constant probability of a reaction occurrence (explosion
propagation), the number of reactions (x) in a given number of
observations (n) will have a binomial distribution. Therefore,
the estimate of the probability (p) of a reaction occurrence can
be represented mathematically by

p=x/n (1)
and, therefore, the expected value of (x) is given by
E(x) = np (2)

Each confidence level will have a specific upper limit (pp)
depending upon the number of observations involved. The upper
probability limit for a given confidence level a , when a reaction
is not observed, is expressed as

(1 -pg) = e (3)
where € =(l-a)/2 ando < 1.0 (4)

Use of equation 3 is illustrated in the following example:

Example

Determine the upper probability limit of the occurrence of
an explosion propagation for a confidence level of 95% based upon
30 observations without a reaction occurrence.

19
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Gi ven

Number of Observations (n) = 30
Confidence Level (a) = 95%

Solution

1. Substitute the given value of (a) into equation 4
and solve for e:

e =(1l-a)/2=(1-0.95)/2 = 0.025

2. Substitute the given value of (n) and value of (¢)
into equation 3 and solve for pj:

e = 0,025 = (1 - pp)30

or

pp = 0.116(11.6%)
Conclusions

For a 95% confidence level and 30 observations, the true
value of the probability of explosion propagation will fall
between sero and 0.116; or statistically, it can be interpreted
that in 30 observations, a maximum of (0.116 x 30) = 3.48
?bservations could result in a reaction for a 95% confidence

evel.

Probability Table
Table A-1 shows the probability limits and the range of the
expected value E(x) for different numbers of observations. Three

confidence 1limits, 90, 95 and 99%, are used to derive the
probabilities. The same values are plotted in Figure A-1.
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i Milan Army Ammunition Plant
u ATTN: SARMI-S

] Milan, TN 38358

Commander

Radford Army Ammunition Plant
ATIN: SARRA-IE

Radford, VA 24141

Commander

Sunflower Army Ammunition Plant
ATTN: SARSU-S

Lawrence, KA 66044

Volunteer Army Ammunition Plant
ATTN: SARVO-S
Chattanooga, TN 37401

Commander i

Commander

Pine Bluff Arsenal
AlTN: SARPB~-SA

Pine Bluff, AR 71601

Commander

Rocky Mountain Arsenal
ATTN: SARRM-SAF
Denver, CO 80240

e -

Director

U.S5. Army Materiel Systems Analysis Activity
ATTiv: DRXSY-MP

Aberdeen Proving Ground, MD 21005

Commandex /Director
Chemical Systems Laboratory
U.5. Army Armament Research and

el am b L

Development Command .
ATTN: DRDAR-CLB-PA, M. Miller
DRDAR-CLJ-~L

APG, Edgewood Area, MD 21010
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Chief

Benet Weapons Laboratory, LCWSL

U.S. Army Armament Research and
Development Command

ATTN: DRDAR-LCB-TL

Watervliet, NY 12189

Commander

Badger Army Aummunition Plant
ATTN: SARBA

Baraboo, WI 53913




