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PART 1
INTRODUCTION

A. BACKGROUND. The U.S. Army Defense Ammunition Center and School (USADACS),
Validation Engineering Division (SMCAC-DEV), was tasked by the U.S. Army Armament
Research, Development and Engineering Center (ARDEC) to conduct MIL-STD-1660 and rail
impact testing on the 155mm metal Field Artillery Projectile Pallet (FAPP).

B. AUTHORITY. This test was conducted IAW mission responsibilities delegated by the U.S.
Army Armament, Munitions and Chemical Command (AMCCOM), Rock Island, IL.

C. OBIECTIVE. The objective of this test was to ascertain that the projectile and the 155mm

FAPP would not be damaged during transportation.

D. CONCLUSION. The 155mm FAPP completed MIL-STD-1660 and rail impact testing with
no damage occurring to the ammunition. Only minor dents occurred to the FAPP, which

completed testing in a reusable condition. This design passed MIL-STD-1660, Design Criteria

for Ammunition Unit Loads, and rail impact testing.
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PART 3
TEST PROCEDURES

A. The test procedures outlined in this section were extracted from MIL-STD-1660, Design
Criteria for Ammunition Unit Loads, 8 April 1977. This standard identifies nine steps thata
unitized load must undergo if it is to be considered acceptable. The four tests that were

conducted on the test pallets are summarized below.

1. STACKING TESTS. The unit load was 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 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 is the equivalent

compressive force of a 16-foot-high load.

2. REPETITIVE SHOCK TEST. The repetitive shock test was conducted IAW Method
5019, Federal Standard 101. The test procedure is as follows. The test specimen was placed on,
but not fastened to, the platform. With the specimen in one position, the platform vibrated at
1/2-inch amplitude (1-inch double amplitude) starting at a frequency of approximately
3 cycles-per-second. The frequency was steadily increased until the package left the platform.
The resonant frequency is achieved when a 1/16-inch-thick feeler gage 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 1 0.1 G. Midway into the testing period, the
specimen was rotated 90 degrees and the test continued for the duration. Unless failure occurs,
the total time of vibration is two hours, if the specimen is tested in one position, and three hours

for more than one position.




3. EDGEWISE ROTATIONAL DROP TEST. This test was conducted using the
procedures of Method 5008, Federal Standard 101. The procedure for the edgewise rotational
drop test is as follows. The specimen was placed on its skids with one end of the pallet
supported on a beam 4-1/2-inches high. The height of the beam was increased, when necessary,
to ensure there was no support for the skids between the ends of the pallet when dropping took
place, but was not high enough to cause the pallet to slide on the supports when the dropped end
was raised for the drops. The unsupported end of the pallet was then raised and allowed to fall
freely to the concrete, pavement, or similar underlying surface from a prescribed height. Unless

otherwise specified, the height of drop for level A protection conforms to the following

tabulation.
DIMENSIONS ON HEIGHT OF
GROSS WEIGHT ANY EDGE DROP LEVEL A
NOT EXCEEDING NOT EXCEEDING PROTECTION

(Pounds) (Inches) (Inches)
600 72 36
3,000 no limit 24
no limit no limit 12

4. INCLINE-IMPACT TEST. This test was conducted using the procedure of Method
5023, Incline-Impact Test of Federal Standard 101. The procedure for the incline-impact test is
as follows: The specimen was placed on the carriage with the surface or edgé being impacted
projecting at least 2 inches beyond the front end of the carriage. The carriage was brought to a
predetermined position on the incline and released. If it is desired to concentrate the impact on
any particular position on the container, a 4- by 4-inch timber may be attached to the bumper in
the desired position before the test. No part of the timber was struck by the carriage. The

position of the container on the carriage and the sequence in which surfaces and edges are




subjected to impacts are at the option of the testing activity and depend upon the objective of the
tests. This test is to determine satisfactory requirements for a container or pack, and, unless
otherwise specified, the specimen was subjected to one impact on each surface that has each
dimension less than 9.5 feet. Unless otherwise specified, the velocity at time of impact was

7 feet-per-second.

B. Rail impact tests were also conducted. These test procedures were extracted from

Transportability Testing Procedures, TP-94-01, July 1994.

1. RAILIMPACT TEST. A total of 39 pallets of 155mm ammunition were loaded into a
railcar with the blocking and bracing placed as shown in part 8. The weight and load
configuration was identical to that of live ammunition. Equipment needed to perform the test
included the specimen (hammer) car, five empty railroad cars connected together to serve as the
anvil, and a railroad locomotive. These anvil cars were positioned on a level section of track
with air and hand brakes set and with the draft gear compressed. The locomotive unit pulled the
specimen car several hundred yards away from the anvil cars and, then, pushed the specimen car
toward the anvil at a predetermined speed, then disconnected from the specimen car
approximately 50 yards away from the anvil cars, which allowed the specimen car to roll freely
along the track until it struck the anvil. This constituted an impact. Impacting was
accomplished at speeds of 4, 6, and 8 mph in one direction and at a speed of 8 mph in the
opposite direction. The 4 and 6 mph impact speeds are approximate; the & mph speed is a
minimum. Impact speeds were determined using an electronic counter to measure the time
required for the specimen car to traverse an 11-foot distance immediately prior to contact with
the anvil cars (see figure 1). At the discretion of the test engineer, additional impacts at higher
or lower speeds may be conducted on the specimen car for engineering test data after the

conclusion of the four required rail impacts.
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2. DATA COLILECTION. The specimen car was instrumented with accelerometers at the
following locations:
(@) On the sill of the railcar.
(b) At the top of the test load on each end and in the center.

(c) On the coupler of the first anvil car.

Additionally, six load cells were placed between separator gates. After each rail impact, the
accelerometers were downloaded to determine stresses, load forces, and accelerations during
each impact. Data collected are suitable for use in investigating causes for failure as well as

design criteria when developing new procedures, if required.

3. FAILURE CRITERIA. Following each impact, the load was examined for excessive
shifting of contents, loosening or breaking of load restraints or blocking and bracing, or any
visible damage to the items in the load or their packaging. Normally, testing is stopped when it
becomes apparent that the load will fail; however, the test may be continued until complete
failure if the test engineer determines usable data will be developed and safety of personnel and

equipment integrity is not violated.




HIN 8 @ ¥ ON LDVJNI :NIVLLV

OL ANIONH HOLIMS A9 QHSVHTHYA
ANV QdSYHAHA ST VD HHL NHHL

HdN 8 @ £ 'ON LOVdNI
HdN 9 @ T ON .LOVdINI
HdN ¥ @ 1 °'ON LOVdNI ‘NIVLLV

OL ANIONHA HOLIMS
A9 qdSvdTHY SI
AVO NHNIDHIS

\‘

_ WASIINT GHIL

nO.J: T

1 HINODHA

(XO¥ddV) S971 00005 LM TVIOL SUVD TANV

NOILISOd
I4S V NI ST3Ivdd 41V ANV adSSaadN0D
AVAD 1AV HLIM (TIANY) SIVD ¥3:1NEg S

43N0
OFINFHTALSNI
[ |

00O 00 ! _

\||
/OO0

00 OO0 00 0O 00

dv] NIWI13d8

—>

i

NVId LSHL QIVANV.LS
(AVV) SAVOY'TIVI NVOIIITAINY 40 NOILVIDOSSY



A. 155mm FAPP.

1. Drawing Number:
2. Width:
3. Length:
4. Height:

5. Weight Loaded (155mm):

B. Compression Tester.

1. Manufacturer:

2. Platform:

3. Compression Limit:
4. Tension Limit:

C. Transportation Simulator.

Manufacturer:
Capacity:
Displacement:
Speed:
Platform:

M A

D. Inclined Plane.

1. Manufacturer:
2. Type:

3. Grade:

4. Length:

PART 4

19-48-4012-5PE1000
29-1/8 inches

14-3/4 inches

39 inches

928 pounds

Ormond Manufacturing
60- by 60-inches
50,000 pounds

50,000 pounds

Gaynes Laboratory
6,000-pound pallet
1/2-inch amplitude
50 to 400 ipm

5- by 8-foot

Conbur Incline
Impact Tester

10 percent incline
12 foot




1. Car Number:
2. Car Type:

3. Length:

4. Width:

5. Weight:

6. Draft Gear:

1. Manufacturer:
2. Number of channels:

RBOX 38569

Boxcar

50 feet (approximately)
10 feet (approximately)
154,000 pounds
Friction

Pacific Scientific
14




PART S

TEST RESULTS

A. STACKING TEST. The FAPP was initially loaded to 4,650 pounds compression. The

compression was released after one hour. No damage was noted during this test.

B. REPETITIVE SHOCK TEST. The duration of the test was 90 minutes for each orientation
of the pallet. For the lateral orientation, the transportation simulator was initially set for

150 rpm until clearance appeared between the pallet and the transportation simulator bed, then
decreased to 115 rpm. No damage was noted. The transportation simulator was set for 130 ipm
with the pallet in the longitudinal orientation. One of the lifting rings worked loose during this
orientation. Also, the plastic protective ring of one round was damaged by the forklift tine while

pushing the pallet onto the vibration table.

C. EDGEWISE ROTATIONAL DROP TEST. Each side of the pallet was placed on a beam

displacing it 4-1/2-inches above the floor. The opposite end of the pallet was raised to a height
of nearly 18 inches, then dropped. A height of 18 inches was employed instead of the specified
24 inches due to the dimensions of the pallet. After each side had been dropped, two additional

lifting rings had loosened.

D. INCLINE-IMPACT TEST. The inclined plane was set to allow the pallets to travel 8 feet
prior to impacting a stationary wall. The pallet was rotated clockwise after each impact, until all

four sides had been tested. No damage was noted.

E. END OF TEST INSPECTION. Two of the three lifting rings that became loose during the

tests were able to be retightened, the third remained loose. No other damage was noted.
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F. RAIL IMPACT TEST. A total of 12 FAPPs were tested, 3 at each end and 6 at the center
gates. Wooden pallets were used at the other locations to fill out the load. Transducers were
placed on the end pallets, a center pallet, the sill, and a coupler for a total of five locations.

Also, six load cells were inserted between the center gates. The impacts took place as follows:

GAP AT
IMPACT SPEED REAR OF LOAD
NO. (mph) (Inches)
1 423 325
2 6.34 4.00
3 8.60 6.75
4 8.44 9.00

Superficial damage to the top adaptors of the pallets located against the end wall in the form of
minor dents occurred due to pallet misalignment. Additionally, several of the wooden pallets
used to fill out the load experienced severe damage to the top adaptor, resulting in the large gaps

noted above.
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U.S. ARMY DEFENSE AMMUNITION CENTER AND
SCHOOL - SAVANNA, IL

PHOTO NO. AO317-SCN94-257-5033: This photo shows the overall view of
ithe testload. Note the three metal pallets are located at both ends of the railcar
las well as six metal pallets located at the center of the test load.
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‘ 11-7/8° 29-1/4"

VERTICAL PIECE, 2° X 6
/x 42" (3 RECD).

HOLD-DOWN PIECE, 2" X 47 X 107
(1 REQD). NAIL TO A HORTZONTAL

‘\ ’] 1]
PIECE ¥/3-10d NAILS. HORIZONTAL PIECE, 2" X 6" X

29-1/4* (2 REQD)., NAIL TO
THE VERTICAL PIECES ¥/3-10d
NAILS AT EACH JOINT.

SEPARATOR GATE A

(2 REQD)

s | 29-1/2

LOAD BEARING PIECE, 3/4°
40 /—PLYVIDOD (1 REQD).  NAIL
T0 THE HOLD-DOWN PIECE

W/4-6d NALLS.

. =

. HOLD-DOWN PIECE, 2°
X 4° X 10" (1 REOD).

4

~
9—3/4/(

SEPARATOR GATE B
(2 REQD)
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38-12*

e

7

GATE HOLD-DOWN, 2" X 4° X 29-1/2° (DOUBLED)
(1 REQD), NAIL THE FIRST PIECE TO THE FILL
PIECE W/5-10d NAILS. NAIL THE SECOND PIECE

IN A LIKE MANNER.

END OF ASSEMBLY.
~

HORIZONTAL PIECE, 2 X 4" BY
A LENGTH TO SUIT (2 REQD).

NAIL TO THE VERTICAL PIECES
¥W/2-10d NAILS AT EACH JOINT.

29-172*

HORIZONTAL PIECE, 2 X B” X
29-1/2" (2 REQD). NAIL 70 THE
VERTICAL PIECES ¥/3-10d NAILS
AT EACH JOINT.

VERTICAL PIECE, 2* X &
L — X 50° (3 REGD).

v

\—FILL PIECE, 2° X 4° X 20-1/2"

(1 REQD). NAIL TO THE VEATICAL
PIECES W/3-10d NAILS AT EACH JOINT.

CENTER GATE

44" APPROX

VERTICAL PIECE, 2* X
" 47 X 40° (AS REQD).

SIDE GATE




