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INTRODUCTION

A. 3ACKGRCU'D. lhe U.S Army Defens; Ammuni--r. Center and School

7ADACS' E'a.uaton Di'vispon. was tasked by the U.S. Army Armament

Research Development and Engineering Center ARDEC). SMCAR-ESK .test the

3- by 42-inch Standard Metal Pallet to a maximum load of 4.000 pounds The

.ert !oac was made 'i of M548 cans. .nert filled to 112 pounds. Thirt;-six

cans made up the test load. The unit load had a gross weight of 4.240 pounds.

The criteria used for-evaluating this pallet was MIL-STD-i660, Desi.n Crzteria

:o : Am-nun tion Unit oads.

B. AUTHORITY. This test was conducted in accordance with mission

responsibilities delegated by the U.S. Army Armament. Munitions and Chemical

Command, (AMCCOM) Rock Island, IL.

C. OBJECTIVE. The objective of these te~ts was to determine if

53- by 42-inch Standard Metal Pallet could gatisfy the testing requirements of

MIL-STD-1660.
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PART 2

ATTENDEES

Mr. A. C. McIntosh, Jr. Director
Test Engineer U.S. Army Defense Ammunit :.n

.5-599 Cnrer and Schoo'
'7n'. 8 277-A9ge ATTN: SMCAC-DEV

"avanna, 1L 510T74-9639
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?ART 3

TEST PROCEDURES

The test procedures outlined in this .ction dre extracted from

MIL-STD-1660, Design Criteria for Ammunition Unit Loads, 8 April 1977. T'his

standard identifies nine steps that a unitized load mus. undergo if t i

considered t.n be acceptable. These tests are synopsized below:

.AC.... -:c TErq. The lnit load shail be loaded to simulate a stack o*

identical unit loads stacked !6-'eet high, for a period of one hour. :hIs

stacking load is simulated by subjecting the unit load to a compression Of

weight equal to an equivaient 16-foot stacking height. The compression load

is calculated in the following manner: The unit load weight is divided by -he

unit load height in inches and multiplied by 192. The resulting number is the

equivalent compressive force of a 16-foot high stack.

2. LOOSE CARGO TRANSPORTATION TEST. The Loose Cargo Transportation 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 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

i.16-inch-thick feeler may be momentarily slid freely between every point Dn

the specimen in contact with the platform at some instance during the cycle or

a platform acceleration achieves one plus or minus zero point one G. Midway

into the testing period, the specimen shall be rotated 90 degrees and the test

continued for the duration. If failure occurs, the total time of vibration

shall be two hours if the specimen is tested in one position; and if tested
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in more than one position, the total time shall be three hours.

3. EDGEWISE ROTATICNAL DROP TEST. This test shall be conducted by is:ng the

procedures of Method 5008, Federal Standard 101. The procedure for the

Edgewise Drop (Rotatlona!) Test is as follows: The specimen shall be placed

on its bottom with one end of the base of the container supported on a S111

nominally 6 inches high. The height of the sil shall be increased. *

necessary, to ensure that there will be no support for the base between t e

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 raised and

allowed to fall freely to the concrete, pavement, or similar underlylng

surface from a prescribed height. Unless otherwise specified, the heigh-t

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 i.

4. MPACT TEST. This test shall be conducted by using the procedure of

Method 5023, Incline-impact Test of Federal Standard 101. The procedure :o0

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 container, a

4- by 4-inch timber may be attached to the bumper in the desired position

,3-2



before the test. No par- of the timber shall Ie struck by tne :--arr-a, h

position of the container on -he carriage and the sequ'ence in whch suracDs

and edges are subiected to impacts may be at the ootion of the testns

act::i y and will depend uoon the objective of t:,c tests hen the test Z

itermine satisfactory requlrements for a container or pack and ini-.s

-therwise scecif:ed the tec~ien shall he ub to e ma:--

su.rface that has each dimension less than 9.5 feet. Unless otherwise

specified, the velocity at time of impact shall be 7 feet-per-second.

z. DTSASSEMBLY TEST. Following ail rough handling tests, the unit 7 may

be squared up within 2 inches of its original shape and on a flat leve..

surface. The strappinA shall then be cut and removed from the paletlzed

.oa. Assembly of the ioad shall be such that :t reoains :s unit,"

removal of the strapping.
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PAR: 4

TEST EQUIPMENT

TEST SPECIMEN.

a. Width: 42 inches

b. Length; 53 ,ncnes

c. ieight: 41 "nches

d. Weight: 4,240 pounds

2. COMRESSION TESTER.

a. Manufacturer: Ormond Scientific

b. Platform: 60 inches by 60 inches

c. Compression Limit: 50,000 pounds

J. T.nsion Limit: 50,000 pounds

3. TRANSPORTATION SIMULATOR.

a. Manufacturer: Gaynes Laboratory

b. Capacity: 5,000 pounds

c. 1/2-inch Amplitude

d. Speed: 50 to 300 rpm

e. Platform: 5 feet by 8 feet

4. INCLINED RAMP.

a. Manufacturer: Conbur Incline

b. Impact Tester

c. 10 Percent Incline

d. 12-Foot Ramp

4-1



PART 5

TEST RESULTS

1. COMPRESSION TEST

a. Palles Data
A Weight 4,240 pounw.
(2) Height 49 :nches
7) Test Load 15 510 pounds

t. Arlie test :a: jur£aion 50 minules

c Observations: M548 can lids compressed allowing the "ock:nf handles
to te freely opened.

2. LOOSE CARGO TRANSPORTATION TEST

a. Longitudinal orientation.
A,) Operating speed 175 rpm
Q) Test Duration 90 minutes
.K Cbservations: ,isible darage.

b. Lateral orientation,
(1) Operating speed 285 rpm

(2) Test Duration 90 minutes
A) Observations: Visible damage. Heating at welds attaching palLet

posts to skia.

3. EDGEWISE ROTATIONAL DROP TEST

a. Side 1
(11 Drop Height 12 inches
(21 Unit orientation lateral
(3) Observations: No visible damage.

b. Side 2
(1) Drop Height 12 inches
(2) Drop orientation longitudinal
(3) Observations: No visible damage.

. Side 3
(1) Drop Height 12 inches
(2) Drop orientation lateral
(3) Observations: No visible damage.

d. Side 4.
(1) Drop Height 12 inches
(2) Drop Orientation longitudinal
(3) Observations: No visible damage. Pallet deck warped 1/4 inch.
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4. INCL:NED IMPACT

a. Drop height for all ir acts 7

b. Side I
(A) Orientation Laterai
(2) Observations: No visible damage.

c. Side 2
-1 Orientation Longitudinal

* 2 Observitions: No visible damage. Cans siid forward -. he
1q ia.pter assemboy.

d. Side 3
') Orientation Lateral
(2) Observations: No visible dampge.

e. Side 4

(1 Orientalion Longitudinal
(2) Observations: No visible damage. Cans slid forward inch.

5. D:SASSEMBLY OBSERVATIONS

a. Paiiet was approximately ii4-inch out of flat from centerline to
outside edges in the longitudinal orientation.

b. Weld cracking was observed at three points of attachment b tween all
posts and skids.

c. individual weld breakage was about 10 to 30 percent of the weld
length. Fropagation of the crack started at the outside or the weld toward
the center.
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?ART 6

CONCLUSION, APPROVAL and RECOMMENDATTON

T ~cusON. As tested, the 53- by 42-.,nch Standard Meamale ne-,

-?s- recauiremenzs of MIL-STD-1660, Des.,gn C ieria for Arnmuni-icr. n.

A:..V 7'A L :>is oa-let, -s atoroved for ase with Army ammurnit-cT.

F-NMENDAT:QN. The outside pallet posts should be recessed or?

inchnes into the pallet and the 45 degree an~gle on the pallet o-orners '--: e

* emoveod.



PART 7

UNITIZATION DRAWINGS
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APPENDIX 15C

UNITIZATION PROCEDURES FOR BOXED
AMMUNITION AND COMPONENTS ON
4-WAY ENTRY PALLETS

CARTRIDGE, 20MM, PACKED VARIOUS QUANTITIES
PER M548 METAL BOX, UNITIZED 24 BOXES PER
40" X 48" PALLET; APPROX BOX SIZE I8L-: L X
8i 'W X 14 9 H

()HAZARD CLASSIFICATION DATA CONTAINED IN THE CHART AT LEFT IS
FOR GUIDANCE AND INFORMATIONAL PURPOSES ONLY. VERIFICATION
OF THE SPECIFIED DATA SHOULD BE MADE BY CONSULTING THE MOST

PALLET UNIT DATA RECENT JOINT HAZARD CLASSIFICATION SYSTEM LISTING OR OTHER
_______________________APPROVED LISTING( S I.

ITMS INCWDED HAZARD CLASSIFICATION
4D  WEIGHT

NSN D0 IC DOT CG QO COM ( LBS REVISIONS
CLASS CLASS CLASS GROUP

130- REVISION NO. !, DATED NOVEMBER 1981, CONSISTS OF:
0O-785-2829 A651 C I 1.4 C 3,981
00-52-3700 A651 C 1 1.4 C 3,981 1. ADDING NATIONAL STOCK NUMBER TO THE "PALLET

00-935-611 A659 A 19 04)1.2 E 3,981 UNIT DATA" CHART.
00-143-6919 A769 A 7 .04)1.2 E 3.189
00-143-6918 A770 A rz 04)1.2 E 3.189 2. REDESIGNING "FILLER ASSEMBLY".
00-926-9278 A791 A &Z 04)1.2 E 3,981
00-10-7050 A813 A z 04)1.2 G 3,189 REVISION NO. 2. DATED NOVEMBER 1982. CONSISTS OF:

00-13-7049 A814 A N7 0411.2 G 3,189 ADDING NOTE "J" TO GENERAL NOTES SECTION ON PAGE Z
0O-180-970 A833 A NZ 04 )1.2 E 3,189
0o-180-971 A834 A 17 04)1.2 E 3,189 REVISION NO. 3, DATED DECEMBER 1983, CONSISTS OF:
00-143-7176 AS35 A EZ 04 ( 1.2 E ).189
00-143-717"7 A836 A 17 04)1.2 E 3,189 1. CHANGING BOX DIMENSIONS.
00-143-7167 A846 A N7 04)1.2 G 3.189
00-112-0491 A865 A 1 04 )1.2 E 3,189
00-112-0494 A865 A 111 04)1.2 E 3, 189 NOTICE: THIS A'PENDIX CANNOT STAND ALONE BUT MUST

00-11-O492 A866 A 1 04)1.2 E 3,189 BE USED IN CONJUNCTION W:TH THE BASIC UNITIZATION

00-112-0493 A866 A N1 04)1.2 E 3.189 PROCEDURES DRAWING 19-4116-0PA1002.

00-935-9104 AM A NZ 04 )1.2 E 3,981
00-935-2019 AM92 C 1 1.4 C 3,981
00-799-8669 A924 - - - - 3.981 REVpSlONS -- ,,- u, l

01-116-3923 A924 - - - 3.501 -
01- L16-3931 A890 A 17 10411. Z E 3 91 ~ * ~' ~
01-116-3930 A892 C 1 1.4 C 3.981 1 4-4

00-752-8114 A891 C 1 1.4 C 3,525- -

Mi-116-4560 A891 C I L 4 C 3.52 5 Iov SQ -"m

M1-118-992 A890 A IV 00)1. 2 E 3.981 ;t ~ .,t

01-118-9M90 A651 C I L 4 C 3. 981" _ c L '' 
O
-I

01-18-929A65 A N 0)1.2 E 3.81 '# ~ LLS ARMY DARCOM DRAING

THIS APPENDIX SUPERSEDES THE TWO-LAYER UNITIZATION PROCEDURES /_JUNE 1981
OF INTERIM AWING 19-41-4141-20PA0m03, DATED FEBHUARY 1917./ ___ __ me

19 48 4116/ 20PA19 48 15C 1002

PROJECT FSA 14&15C-75
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SI "0 1-14" STIAPPING (6 1400, TIEOOWN' STIAP, 1-1/41 X MS' 01 .801*
1 PS STRAP). 04Mg EACH SEAL W114 X I2'-' LONG STEEL STRAPPING (4 000). SEN(RAL NTS

Two O NOTHES SK GINMI NOTE 0' AT RIGHT.
A. 1145 APPENDIX CANNOT0 STAND ALONE IUT hAT II IU m Aj PJNMN; JN

-40AV SIXA.P. 1ALTB- WITH4 141 IASIC 'JPMtIZATIOF4 PICDU0O A004G M-4II6-)1,X'4SO
IATI FOR HORIZONTAL TO PRODUCE AN4 APPROVED UNIT LOAD, ALL PFTINE*E P1!OC--UF'
STRATI). 1-1/4' X MS' Cit WPCIP)CATIOI-A AND CRITSIA SIT FORIN WITHIN TH1431 C MfAWIN4. OML
.031- X 141 L0ON0 STEMl APPLY tT E 1141 m PF o0hS 14amto P4 143 Amm~lx. ANy uarriopI4
SIAPPING. lHRIpO LOAD0 TO THE tMsic m~0am ARE !CPID 11THI APM6'0A.

19 SLOTS. . DIENINS CB AND *31011 Of A PALL UN.IT WILL VArY SIQV!Y
0(PENDl4G UPON TIE ACTUAL 0488414101 Of THE BOXES AND TIE WEIGHT

49OF TIE SWItCrn ITO IWO61 UNITIZ1O.

C . W'4ALL EACH HCONOTAL SlIA To I IC3CU EACH LAYN Of S-OX5 CN 1144
PALL AND TO BE ALIOND 1114T THlE HICUONTA.I PeCtS OF 1144 *%L*Ol
OATV A& SHOWN. WaOTZONTAL StIAPS MAST If TINSIOPI0 AN4O SALAJ

SUPORTGAT (2PION3 10 APPliCATION Of9 TIEDOWN STRAPS.

DftAJL ELOW. 41 PALET AND TO ft AUGNtD WITH 1141 VERTICAL PIECES OF THE4 SUPPORT (.ATV

STALEHCIZN-As SHOWN. TIKoOWN STEAD WILL NoT BE A)PIJE UNDTIL TIe HORIZONTALIi NDTEDW STRAPS HAW KIN TENSIONED AND0 SIAL2D. AN

SUPPORT. GATT I~. TH4E 1OLIOWNHO DABOOM DEAWW40S All AIPIICABL R UDANAD
AS SOWN.STORAGE OF T144 ITEMS COVERED SY THIS APPU'40t3.

CARLOADINO - -DILAWING 1-I5-AC
TRUCXLOADIN0 - DRAWING 19-44-417-1 IPA=
STORAGE -- DRAWING 1-461-1-2-.4-. L4.2A I=

W 4P . 001 M4111400 OP 39CURINGO A STRAP CUTTER TO 1144 PALLET UNIT. Sit DAICOIA
PALLT. --- DRAWING0 M9d4"tV.3VHD.

HOIZONTAL STIAD, 1-1/4- 4 0. IF ITEMS COVERED HERON All UNITIZED PRIOR TO 53SUANCE Of TH4S APP3N0LX,
X M5* n .031 X 16.4- 1H BOXE NEED NOT II EUNITILZED SOLELY TO CONFORM T0 INS5 APPENDIX.

()f 2HIO) E EELFRSCRMN . T4E UNITIZATION PROCEDUES DEPICTED HEREIN MAY ALSO N4 USED FOR
NOTE C' AT RIGHT. OF A STRAP CUTTER. UNITIZING 20AM CARTRIDGES WHEN IO4NTIFIED SY OIFS4INT NATIONAL STOCK

SEE GINEPA. NOTE NIAUUY (NSN) THAN 'WHAT IS SHOWN ON 1T4E TITLE PAGE. NOVIOED THE
*F' AT NIGHT1. BOX PACK DOES NOT VARY FROM WHAAT IS DELINEATED HEREN. 1)H4

PALLET UNIT EXPI.OSIW4 CLASSIFiCtAtION OF OTHER3 ITEAG MAY BE DIFFERNT THAN WHAT

SEE GENIRAL. NOTE 'r AT RIGHT. 6SHilOWN.

N BOXES OP 2gwM CARTIDGE (200 POR BOX) 0 180 LIS - 11,1110 LOS (APpMX) J. leGARDLESS OF 1144 QULANTITY OP BOXES TO If PALLETIZED, THE TOTAL
DUNINAGE - - 61 LRS WEIGHT OF ANY PALET UNIT11 WILL NOT EXCEED 4,000) PCLR4CS. 'WHEN THE
PALLET - - -- -- 80 Los TOTAL WEIGHT OF A FULLY LOADED PALLET UNI1T EXCEEDS 4,0110 PCI*IDS, CNE

TOTAL WEIGHT1 3,11 LIS 4APIPMOX) 0O MORE LOADED ICES5 MUST5 It REMOVED, AND EITHER FILLS ASSEMILUES,
CURE 40--~ .0 CU FT 4APPRIOX) AS DEICTED SELOW, CAE MPTY ICKE MST 14 SWSTJITUTED THeREl. FCR

ADDITIONAL GUIDANCE, SEE 1THE *PROVISIONS FOR L9SS-TIEAN-FULL-LAYM
LCAOS* ON PAGE $ OP THE BASIC UN.ITIZATION PROCEDURES OIAWING 19-4-
41 I6-20A 00.

DILL OF MATERIAL
WUMM LINEAR MET BOARD FELT

11 X 0 16.80 5.33
2* X 4 111.00 '9.80

VERTICAL Pea, r' x 6- x H4OIZONTAL PIECE, I- X 4- X 4r (2 "to0 1.
M&AL NO. NICI POUNDS 26-/v (4 RE00). NAIL TO YERTICAL FICRM W/3-611 NAILS At

- EA04 LOCATION.
11 2)48 0.28

PALLT, 40X 4r ---- I lD - 1 a
STEEL STPAPPINO, 1-1/4- - Q.67 qE 00- 1I. 11 LIS
SEAL FOR 1- 114 STRAPPING- d PRO NIL
STAPLE 24 4=00-- - NIL

PILL PIECE, I" X 4'S X 61/4'
12 REOD I. NAIL TO THE 10
VINTICAL PICE W/7-"d NAILS.

I 44

(2 11112 ). --<W MOIZOF4TAL eCa, 2' X 4* X IV UPRTGT
14 REGO). NAIL TO VERTICAL PIECES SPOTGT
W/1-10j NAILS AT EACH JOINIT.(2UD.

FIER ASSEMBLY
I OR IPPR 01411 BOX)

PAM 2

PROJECT FSA 10U15C-75
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