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#u % ABSTRACT n#

The U.S. Army Defense Ammunition Center and School (USADACS), Evaluation
Division (SMCAC-DEV), hag been tasked by the U.S. Army Armament, Munitions
and Chemical Command (AMCCOM), SMCAR-ESK, Rock Island, IL, to test the
possibility of stacking demolition charges in M2Al cans in configurations
of two or more high on a pallet. Under project no. FSA-146-75, the Storage
and Outioading Division (SMCAC-DEO) modified MIL-STD-1322-806 for M2Al cans
in configurations of two-and three—high on a pallet. The methods and
results of MIL-STD-1660 testing and APE 1958 leak testing of the unitiza-
tion procedure described in modified MIL-STD-1322-806 are contained within
this report. As a result of these tests, it was found that the referenced
procedure did not satisfactorily protect the M2Al containers in the unitized

load.
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PART I.

INTRODUCTION

A. BACKGROUND. The U.S. Army Defense Ammunition Center and School, Evalua-
tion Division, was tasked by the U.S. Army Armament, Munitions and Chemical
Command (AMCCOM), SMCAR-ESK, to test the possibilities of stacking demoli-
tion charges in M2Al cans in configurations of two or more high on a pallet.
Unitization procedures to test two and three high configurations of M2Al
containers were developed by the Storage and Outloading Division, SMCAC-DEO,
‘under project no. FSA-146-75. Testing procedures that were used for evalu-
ating modified MIL-STD-1322-806 congisted of MIL-STD-1660, Design Criteria

for Ammunition Unit Loads and Can Leak Tester, APE 1958.

B. AUTHORITY. This test was conducted in accordance with misgion responsgi-
bilities delegated by the U.S. Army Armament, Munitions and Chemical Com-

mand, Rock Island, IL.

C. OBJECTIVE. The objective of these tests was to determine if a pallet
load of M2Al containers in a three-high configuration could pass the APE
1958 leak test after being subjected to the stresses of the MIL-STD-1660

test.
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PART III.

TEST PROCEDURES N

The test procedures outlined in this section were extracted from
MIL-STD-1660, Design Criteria for Ammunition Unit Loads, 8 April 1977, and
Operation Manual for Can Leak Test Device APE 1958 (June 1978). MIL-STD-
1660 identifies nine steps that a unitized load must undergo if it 1is
considered to be acceptable. The operation Manual for APE 1958 identified a
geries of steps that must be performed to determine if the M2Al cans meet
the leak criteria. These tests are synopsized below:

1. LEAK TESTING. Prior to unitization of the M2Al cans and after MIL-STD-
1660 testing of the load, each M2A1 can shall be leak tested using APE 1958
so that an accurate record of can failure can be established. The cri-
teria for failure of an M2Al can is a leakage rate exceeding 0.4 CC per
second when a J psi gage minimum external vacuum is applied.

2. STACKING TESTS. The unit load shall be loaded to simulate a stack of
identical unit loads stacked 16 feet high, for a period of one hour. This
stacking load is simulated by subjecting the unit load to a compression of
weight equal to an equivalent 16-foot stacking height. The compression load
is calculated in the following manner. The unit load weight is divided by
the unit load height in inches and multiplied by 192. The resulting number
ig the equivalent compressive force of a 16-foot-high load.

3. REPETITIVE SHOCK TEST. The repetitive shock test shall be conducted in
accordance with Method 5019, Federal Standard 101. The test procedure is as

follows., The test specimen shall be placed on, but not fastened to, the
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platform. With the specimen in one position, vibrate the platform at 1/2-
inch amplitude (1 inch double amplitude) starting at a frequency of about 3
cycles per second. Steadily increase the frequency until the package leaves
the platform. The resonant frequency is achieved when a 1/16-inch thick
feeler may be momentarily slid freely between every point on the specimen in
contact with the platform at some instance during the cycle or a platform
acceleration achieves one plug or minug one-tenth G. Midway into the
testing period the specimen ghall be rotated 90 degrees and the test con-
tinued for the duration. If failure occurs, the total time of vibration
shall be two hours if the specimen 18 tested 1n one position; and if tested
in more than one position, the total time shall be three hours.

4. EDGEWISE DROP TEST. This test shall be conducted by using the proce-
dures of Method 5008, Federal Standard 10l1. The procedure for the Edgewise
Drop (Rotational) Test is as follows: The specimen ghall be placed on its
bottom with one end of the base of the container supported on a sill nomi-
nally 6 inches high. The heizht of the g8ill shall be increased if necessary
to ensure that there will be no support for the base between the ends of the
container when dropping takes place, but should not be high enough to cause
the container to slide on the supports when the dropped end is raised for
the drops. The unsupported end of the container shall then be raiged and
allowed to fall freely to the concrete, pavement, or gimilar underlying
surface from a prescribed height. Unless otherwise specified, the height of

drop for level A protection shall conform to the following tabulation.

GROSS WEIGHT NOT EXCEEDING DIMENSIONS ON ANY EDGE HEIGHT OF DROP LEVEL
NOT EXCEEDING A PROTECTION
Pounds Inches Inches
600 72 36
3,000 no limit 24
no limit no limit 12
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§. IMPACT TEST. This test shall be conducted by using the procedure of
Method 5023, Ip‘ .ine-Impact Test of Federal Standard 10l1. The procedure for
the Incline-Impact Test is as follows: The specimen shall be placed on the
carriage with the surface or edge which is to be impacted projecting at
least 2 inches beyond the front end of the carriage. The carriage shall be
brought to a predetermined position on the incline and released. If it is
desired to concentrate the impact on any particular position on the con-
tainer, a 4x4 inch timber may be attached to the bumper in the desired
position before the test. No part of the timber shall be struck by the
carriage. The position of the container on the carriage and the sequence 1n
which surfaces and edges are subjected to impacts may be at the option of
the testing activity and will depend upon the cbjective of the tests. When
the test is to determine satigsfactory requirements for a container or pack
and, unless otherwige specified, the gpecimen shall be subjected to one impact
on each surface that has each dimension less than 9.5 feet. Unless other-

wise specified, the velocity at time of impact shall be 7 feet per second.
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PART 1IV.
TEST EQUIPMENT
TEST SPECIMEN.

a. Drawing Number:

b. Width: 42-1/2 in.
¢. Length: 48 in.
d. Height: 27 in.
e. Weight: 2,240 1bs.

COMPRESSION TESTER.

a. Manufacturer: Ormond Manufacturing
b. Platform: 60 inches by 60 inches
¢. Compression Limit: 50,000 pounds

d. Tension Limit: 50,000 pounds

TRANSPORTATION SIMULATOR.

a. Manufacturer: Gaines Laboratory
b. Capacity: 6.000-pound pallet
¢. Displacement: 1/2-inch Amplitude
d. Speed: 50 to 400 rpm

e. Platform: S5 foot by 8 foot
INCLINED RAMP.

a. Manufacturer: Conbur Incline

b. Type: Impact Tesgter

¢. Grade: 10% Incline

d. Length: 12-foot Incline

APE 1958 CAN LEAK TESTER.
a. Manufacturer: Toole Army Depot
b. Type: Vacuum Leak Tester.
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PART V.
TEST RESULTS

1. STACKING TEST.

Pallet Weight - 2,240 1bs.

Pallet Height - 27 in.

Test Load - 16,000 1lbs.

The test pallet was loaded to 16,000 pounds compression for a period of

one hour. At the end of the one-hour period, the compression load had de-

creased to 15,300 pounds. After the test pallet was removed from the

compression table, no measurable deformation in the load was evident.

2. REPETITIVE SHOCK TEST.

The test pallet successfully passed both the longitudinal and. lateral
transportation simulation. Duration of the test was 90 minutes for each
orientation of the pallet. In order to achieve the required 1/16-inch
clearance between the pallet and the Transportation Simulator bed, the

equipment was operated at 200 rpm.

3. EDGEWISE DROP TEST.

Each side of the pallet base was placed on a beam digplacing it 6
inches above the floor. The opposite side was raised to a height of 24
inches above the floor and then dropped. This process was repeated in
either a clockwige or counterclockwise direction on all four sides of the
pallet.

The impact from the edgewige drop test caused the M2Al cans to rack up
out of position so that the hinge end of the cans was resting on the

adjacent cang. Thig racking of the cans caused the load straps to loosen to




the point where the straps could be pulled several inches away {rom the

pallet unit gide.

4. IMPACT TEST.

The incline impact tester was set to allow the pallet to travel 8 feet
before impacting the bumper of the impact tester. In between impacts, the
pallet wag rotated in either a clockwise or counterclockwige direction until
all four sides of the pallet had been impacted. No additional loosening of
the load straps or racking of the M2A! cansg was noted during the impact

test.

5. LEAK TEST.

The M2A1 cans were tested before being placed on the pallet to ensure
that all the cans had good seals prior to testing. At cémpletion of the
pallet testing, the straps were cut on the pallet and the cans were again
leak tested. Figure | shows the results of the second leak test performed

after the MIL-STD-1660 testing was completed.
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FIGURE 1: SUMMARY OF LEAK TEST FOR MODIFIED MIL-STD-1322-806
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# - Pogition of divider board.

?7 - Unable to leak test due to dents from test.

Go - Older can used in previous test, passed leak test.
Gn - New can never praeviously tested, passed leak test.
Lo - Older can used in previous test, failed leak test.
Ln - New can never previousgly tested, failed leak test.
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PART VI.

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS. Based on MIL-STD-1660 testing criteria, the test pallet
passed both the compression and transportation tests. However, it failed
the edgewise drop test due to the racking of the M2Al cans and the loosening
of the load gtraps. The incline impact test was run after failure had
occurred so that the full extent of damage to the M2Al can's seals could be
recorded.

From the standpoint of individual can performance, the test pallet had
a failure rate of 24 percent from either leaking or dented cans. (See
Figure 1). Since there had been damage to eight of the M2Al can’'s seals, it
wag decided by the Storage and Qutloading Divigion (SMCAC-DEQO) that the two-

high configuration would not be tested.

2. RECOMMENDATIONS. Since the modified MIL-STD-1322-860 did not satisfac-
torily protect the M2A] cans from damage, it is recommended that this uniti-
zation procedure, as designed, should not be used to transport M2Al cans.

To improve the pallet, divider boards running crosawigse to the skids in
between each row of cans need to be added to prevent the cans from jumping
out of pogition. Also, a layer of cushioning material between the bottom
row of cans and the pallet could help to reduce the amount of cang that are
dented. Finally, a layer of plywood on top of the pallet could be added to
distribute the force from the compression tegster to pogsible reduce the

number of leaking M2Al cans.
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PART VII.

PHOTOGRAPHS
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PART VIII.

UNITIZATION PROCEDURE
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