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DEVELOPMENT AND PROCE SERVICES
ABERDEEN PROVING GROUND
MATYTAND

VL RILD. ORDMC-RM.1 ‘ Capt WVResnick/ch/2826h
: T May 1959

INVESTIGATION OF THE RESISTANCE OF
1-INCH ROLIED HOMOGENEOUS ARMOR PLATE

OF VARTOUS BARDNESSES TO ANTITANK MDMF ATTACK (U)

First Report on Orduance Project No. TwW-llh

Dates of Test: 29 July to 9 September 1956

\J ABSTRACT (U) | ‘
Twerty-three l-inch=thick rolled homogeneous steel armor plates
of varicus hardn2sses having welded crack-starters were tested against
20-pound Composit’on B~inaded land mines, af & stanldoff distance of 17
inches. Al of the plates were of Army armor except six which had a
hardness level of 262 Bhn. Thes? six plates were of STS steel usually
designated as Navy armor.

S*eel blocks were used as crack-sterters and-each measuxed 2 inches
square by 3 inches high and was welded Cﬂnt:‘a.lly on the top surface of
the test plates by a single weld pass with a.ferritic type electrode. The
welds securing the crack-starter blocks were dye-checked to insure agaiust
the presence of weld cracking before testing. Each plate was poeitioned
for test on a test facility to simlate mounting as & floor plate in a
combat vehizle. All tests were conducted within a tempersture range of
-40°F and C°F. Damage occurring to each plate was recorded. \
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1. (U) INTRODUCTION

A number of tests have been conducied in the past to deteruine the

amount cf protection provided by cross-rolled homogeaeous steel armor plate
of l-inch thickness against antitank mine blast.

This test was conducted to determire the protection provided by
l-inch-thick rolled homogeneous Aimy armor of various bardnesses, and STS
(Navy arwcr) against land mine blast when the plates are conditioned to low
temperaturms. It vas expected that the results would provide a basis for
selecting the best hardness level for rolled steel Army armor floor platas
and provide a comparison with STS (Navy armor).

2. DESCRIPTION OF MATEKRIEL

2.1 (C) Plate

The plates under test cousisted of l-inchothick cross-rolled
homogenecus steel armor having over-ell dimensions of 60 by 84 inches. Six
plates were available for testing in each of the hardness levels of 363,
262, and 255 Bhn vhile ocly five plates were availabis at the 302 Bhn
hardness level. 'Te physical and chemical properties of <ha test platas

are listed in tué mapufacturer's test report contained in Appendix F. All

plates vere Army armor except the six at a hardness level of 262 Bhn. These
six plates were STS (Navy armor).

The test plates were numbered consecutively on the upper left
hand corner of the photographs, ome through twent:y-three, inclusive. The
plates as referred to in this report will be identified dy those numbers
instead of using the photograph mmbore‘

The Brinell hardness and plate identiﬂcntion are as follows:

Aimor Type Br’nell Hardress Plate Kumbnr
o moied. (Ary) £ T o
omo Ro. . (ATH . waxrc
Homo Roiled (Amfyg 225 12 through 17
STS (Nevy) 202 18 through 23

2.2 (U) 1and Mines

The land mines were molded at this installation into cylindrical
shape measuring approximately tem. inches in diameter by four inches in
height with an over-all weight of approximstely twn:gopoundt The mines
were uncased Composition B explosive, Lot No. HOL-T=

Also included in t«hcninc m a nuu to seat a tetryl pellet.
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3. DETAILS OF TESY

3.1 (U) Procedure

A steel block mearuring 2 inches square by 3 inches high was placed
centrally on the top surface of the test plats and fillet-welded Dy 4 single
pass with a ferritic type electrode around the purimeter of the dblock (Sketch
1, Appendix B). ‘The fillet welds were {ihen machkine-ground to a cmooth finish
and dye checked to insure against weld cracking.

™wo thermocouple leriis were welded to the bottom surface of each

test plate us ng silver solder. The thermocouplss were located a¥ points
approxirotely eleven inches in frem the long edge, thirtaem inches in from the
short adge ar at opposite cormers of the test plate (Sketch 2, Appendix B).
In additicr, (.o steel rods messuring approximately 1/4 inch in diameter by 3
inches 11 Juigih and bent into anm "S" configuration were aiso welded at points
approxim.t:ly one inch from the above-mentioned thermocouples. These "S" bocks
were placed -idjucent t0 the thermocouples to act as anchors to prevent the
‘hermocouries from breaking off at the weld during final hookup (8ketch 2,

The plates were tested individually in the following manner: &
test plate was placed on top of two steel beams measuring approximstely
twelve inches square by sixty inches in length, with the beams resting on the
ground. The distence between the two inside edges of the steel beams was
approximately fifty-eight inches. A steel frame weighing spproximstely three
and a half tons was then placed on top of the test plate and aquared to insure
even coverage.

The frems wae then filled with approximately 650 pounds of dry
ice. The ice was pulverized by the use of & sledge hammsr and spread to give
even distribution. It is estimated that approximately 70% of the top surface
of the test plate was covered by dry ice.

A tarpsulin 12 feet square wes then plisd over the entire setup
to act as a blanket to assist in lowering the teyi plate tempersature.

The temperature of the test plate was recorded by the use of a
constant temperature recording device, connected to the thermocouple leads.
For each of the plates tasted, plate temperature was lowered 2G°F below the
actual temperature at &etomation time. The 20°F differentisl was necessary
to Allow for final preparation before detonation. This preparation consisted
of removal of the tarpaulin and dry ice, the placemsnt of the 8-ton hold-down
plate centially on top of the frams, the positioning of the mine densath the
test plate and the final hookup of elsctrical detonating wires.

A mine was then positioned centrally under the test plate in a
predug hole leaving a distance of 17 inches between the top surface of the
nine and bottom surface of the test plate. After completion of all necssary
safety checks the tetryl pellet and electrical detomating cap were inserted
into the mine and the mine was then covered with approximately three inches
of loosely packed soil. Upon return of the explosive operator to the bomb -
proof, "he electrical detonating wires wers connected to the detonating
machine.
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CONFIDENTIAL

temperature. Plate No. 20 tested at -M0°F ruptured tui not as severely as
soms plates in the other groupc vhich were tested at -30°F and -20°F. Plates
Nos. 18, 19, 21, and 23 vere tested at -30°F vith plate Wo. 18 showing no
rupture, plate Ko. 19 showing only slight cracking, plate No. 2] developing

a rupture but not to an extremes degres, and plate No:. 23 showing no cracking.
Plate No. 22 tested at -20°F 41d not develop any cracking’ These results tor
the growp of S8 (Navy armor) plates indicates this is the best material under
low tumperature conditions to withstand land mine dlast.

3.3 (U) Charpy Data (Referemos FTL Report No. 50-P-40, Appendix E)

Lower hardness realings wvere odtained at this insteliation for the
mejority of the plates, perticularly those of the lovw bardmess gruups, than
were reported by the armor mamfacturer.

The results of the Charpy impact tests performed at AFC indicated
that the majority of tht“ st or exceoded specific:ticn requirements. Only
four plates, ¥oc. 3, 4, 5, and 6 in tha Ligh bhardness g&x. ip, showed Charpy
values slightly below the specification requiremsnts.

k. (C) coNCLUSIONS

Besed on the results of this test it is comcluded that:

a. Combat vehicl: l-inch rolled steel floor plate material of the ST8
(Bavy armor) type provides better protection when tested at low temp-
erature against the blast from a 20-pound Composition B land mine

than rolled hamogensous Arxy armor at any hardness level from 255
to 363 Bhn.

b. The performance of the groups of plates tested at lov temperatures
against mins blast may te ranked as follows:

Numerical Rating Bhn Hardoess
) 262 978 (Mavy)
2 302
3 255
h 363

5. (C) RECONMENDATIONS

Based on the results of this test it is recomasnded that:

a. A project be insugurated to thoroughly investigate the performance
of l-inch ST8 (Navy armor) at temperature levels from smdient to
50% against land mime blast to estadlish definitely viether this
mterial should be selected as a floor plate armor.




CONFIDENTIAL

b. Until STS8 (Navy armor) has ceen definitely proven a /#sirable
iloor plate material at all service temperctures,Army rclled
homogeneous armor in a hairiness range of 255 to 202 BEhn be
spproved for use.

2
Proof Officer

i

: REVIEWED:

W fins 2

W. C. PIESS W. A. GrOBS, JR
Chief, Armor Branch Chief, Autcomotive Division

APPROVED:

N. G Tt
H. A. NOBIE
Assistant Deputy Director
£y Enginsering Testing
Development and Proof Services
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APPEIDIX A
Letter mrectiv;s
ARMOR BRANCH
ARMOR AND AMMUNITION :morm-ss DIVISION
DIVISION _ Te3® PLAX mﬁ:ﬂ;ﬂ
FROJECT TITLS, , - .
Armor Protection Against Lend Mines

PROJECT ENGIRER; ? PROJEC? MO.s ZT1-58/84L

ORJECT OF TEST: To obtain information on relative performence of 1" ammor of
sewral hardoess levels in resisting l.nd mine a%tesk st embient tnd b~
soro temporatures. . '

BACKGROUND o Some testing has been doms %0 cbtain the information indliested
sbow, Eowewer, variations in %est methods & resulto precluded arviving et
dafinito eomelusions. The proposed tests wiil be perforwsd i a wore systemstie
RaEneY in an effort to odtain the desired informatiom, |

ITRI8 TWDER TRST, o o

81x plates 5°z7x1" of cach of the following rolled homogensows

ST8 arwor - BEN 295 Aray Armor KIN 255
. Army Armor - BEN 302 Army Armoy MIN 362

APPROX, DATES OF TEST: Material not expested WO. OF ROUWDS: 25-30

_ for several mouths
OUTLING OF PROGRAM, .
1. Place oreck starter (welded blook 2%x2"x3") in cewher of esch plate
2. Magnaflux wlds
3. Test 2 of vach plate at smblent tempsrature md 3 at = 0P

6¢ Plates will be mounted flat on 2 steel mambers 12" above growmnd

b, A heavy frame with beveled inner edge will be placed stop the plete
end on top of the frems will be pleced & hesvy hold down plate.

o, Miie will be placed 17" below the center of the plate, will be
oovered with g' of lcosely pecked soil and will de statically
detonated,

4. Anount of plate deformation end eracking, if amy, will be recorded,

é. Weights of charges will de determined from previows firings emd,
if neeessary, will be adjuwsted during the courve of the test,

Lo Pormil veport will be prepared,

Armors

APPROVED 3 1
Chief, Avwor & Msamition Bffectivenses
A=l Divisiea
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OTAC k76/APG (19 Mov 35) -
ORDBG=LP-T8 APG 400,112/5377 (1956)

SIRECTs Amor Pootection Agzinst Lend Mine:

Hq, Ordnanse Tank-Automotive Command, Res & Dev Div, Detroit Areengi ’
Center Line, Hichigm FEB 18 1957 * |

: Comanding Gsnersl, Aberdssn Proving Crownd, Maryland
ATDIs ORDBO-DP-TE, M, H, M. Cremeer Jr,

1, The testa outlined in basiy Zetter are hereby authorised,

2. Tunds in the smount of $10,000 hewo been issved and PESD 704L05330-
1180022 has been forwarded to Aberdsen Proving Ground {5 cover the test
required, Thess funds ire in the approved project area,

3, ‘This Comsand Wi1i pwchass the neceseary 2l arsor plates (1"x5'xT*),

. h, Distribution of memorsndws snd finel reporis should de in acoord~
anoe with attached distribation liste,

FOR THE COMMANDER;

7% Imls ~C. 5. RASMUSSEN !
(9% toe1 2 C. 5. RASMUSSEN
Added 2 Tusls

2, Memo Rpt Distridwtion List
3, Final Rpt Distribwion list

- B o VTR - m—




' ORDNANCE CORPS

ABERDEEN PROVING MD

MARYLAND
DEVELOPMRNT AND PROOF SERV"CES
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| ,,wnmh/wp/bﬁl

N mEPLY m o .
RDBG-DP-TE j 1o 7"”‘3 77 (188 = 8
L S T 1 LN
SUBJ!GS: Armor Proteotion Agiinst Lamd Kines 1356 g (y 8
’ S =
104 Comanding Genersl A
: Ordnance !&nk-mhm'o Comuand o Wi
Detroit Arcenal” ™~ R
Center Line, Michigan (uz
>
 ATTEWTION: ORDMC~RM,) ,-_'-},\‘ -
REFEKEIORS: ‘a. Letter 13 Sep 1955, fils A1G CMH L76/13, 00/ 2091, B,
Det Ars 476/AFG (13 Sep 55) CMH, Subjeots Firat \ \
. Memorundim Report ca Armox Protaetion Against Lard . e
Mines - Expansion of Project 'rn-sa (U), with lst, |

s A e

R S U

A

2¢ apd 32 indorsements, “y

b Letter Ui duiy 1955, file ARG L400,112/5-243, Dev ars '\

: 4,00,112/AFG (i July 55), Bubjeots Wirter Ammor Ballis- \°
tio Pict Frogram Being Planned for Port Churchill,

Canada 1955-56 {v), with 13%, 24 and 34 indorsesents ?\\\

o« ZTeletype Detroit Arsenal 26 April .1957 maas. RN
d, Aberdeen Froving round Pirirg Recard No. Ar-21392.

1, Referaives 2. ard d, contain reeults of tests designed to

determine tha resistame to crusking end deformmtion of 1% hamogenecus
armor (STS-Navy type and Army armor) egsimst land mixs attack at embi-

out and sub-sero temperatures. 4 review of the results reported there~-
in indicates:the need for considerable additiomsl Iiring to more defi-
nitely establish the reiativs performance of the two of material
and the optimm hardness of materisl for tank floor plates, In shart,
80 many variables in teat prodedurss were employed in an effort o
arrive at the most reproducible test msthod, and results wers conse=-
quently of sueh a varisdly mature, that definite conolusions cannot
be drawn from theso data. ‘

2. Through trial and error it has besn establivhed that the most
satisfootory method of mounting the items for test is as shown in sketoh
1, inslosvre 1, and described below:

ae A 2" square x 3" high stecl block is placed ocentrally ou
tne top surface of the 5' x 7' test plate amd 1 Jtum wnu (1,4.'
austenitio electrode) by a singile yass around
block,

c /23

A-3

-



So8ta referred to in paragraph 3, It is the opinton that at least 5.
. axd preferably 5, trisls should be oondusted for essh cambinatica of

¥
T e Bk > e AT I AR 1

RDBG-DP-TE " - L |
SUBJECT; Armor Proteotion izuinst Land Lines ‘

b. The test plate is sed in an horigontal positica with i
two 7* sides resting on and extending 2" over 1' x )' x 7' s¥esl sup- ~
pmsz placed vn the ground, Distance between the two stoel mpportl

y tn’hﬂ.o . )

5¢ A steel frame 8" thick, to prwi.do for m piate {
deformation, and an 8-ton hold-down Plate are placed atop the test . “
plate,

e e i o e e ot ot

d, The mine is enplaced bemsath the center of {ds test plate
at o distance of 17" from top of mine to the bottom surfase of the !
plate, axd the mine is covered with threo inohss of loose s¢il and is ?
statically dstonated, g

3. Much of the current teating to Momm the mine explosive -
woight required to defeat Armmy armor of specification hardnes: and
of various thicknesses fram 1/" through 1-1/2* has besn carried out | ;
wsing the method Just described and resuits, for the most part, are ,

- consistent for given explosive weisht/armor thickness cambimations, ,, &Q

Ls ‘It is reccmmcaded that tests previously oarried oul in an
offort to compare STS and Army armor and to ocaupare differsnt hard- A |
nesses 3 Army armor be repeated using the improved technique described i
above and employing a mine explosive weight to be determined fram the s

Plate type/plate hardness/and test temperature. For sush & prograe
the fonwiu mm mld be roqurods

‘!ut Ramber o Plates

et e v e e R

7y

" Type s

Plate Sise  _Armcr  Berdnese ?ﬁ&___o_ Miniwm  Desired |
t }

1"x5 x7 SmM - 255 Ambient 3 5 %
Mx5 x P 818 255 .  Subesers 3 5 ’
lll X5'2 7" Army RYE 255 Mmbdient 5 5 {
x5 x7 AmyRR 255 Sub-serc g ’ 5 :
"5 x7 Aemyift 3R . mblemd ‘ 5 |
x5 x7" AmyRH joR Sub-serc 3 5 :
Px5'57 Muyl 342 imbiewt 3 5 !
1"z285°x7" awy M e fab-3ere 3 5 1

,
A o 3T - RS o

- el A s o

A-h

e S
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SUBJRCTs Armor Proteoticn Against Land Hines

; 9¢ It is estimated that the cost of testing the above plates
would be §i0,000 for the -miwiam ssmpie sise and §16,000 for the
desired sample sise, Comments at an early date would be appreocisted,

o T, F. COLLERAN
o 1 Inel Dirsctor )
1. Scetch T

]
- AR S R e T O
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CRDMO-BH.L | 17 Petruary 1988

EUBJCTs Test Directive for Mine Test Pi._ram
 for 1" Rolled Armce , ‘

10+ Commanding Genersl
Aberdeen Pruving Oround
Aberdern, laryland
‘WT»WI My W, C, Plese

REFZRENCEs s, PESD 70405330+11-80022 dtd 30 Jan S7
b. Lt File Neo. APG 100.112/5377 d€d 19 Nev 56

l. Twanty-four () plates of 1° rolled armor plste of various
hardnoss are to be shipped to Aberdasn Proving Grownd from Lukeas Stsel

Pt e

I et IUDRC Ny PUPRRRAET: SRR e

Compeay Wy ) Merch 1958, | i
2, The funding for testing the armor plates is covered by refsrance f

“"0. ' . : %
3. The original test program, refersmse "™ is to be revised ﬁ
slightly as noted belows p
8. Tyre of mines 20/ (comp B). %

b, Crack Starters Welds should be ground snd ihen chocked for i

crocks, | 3
| ¢, Method of Testings See attached skotch for Platee 1 through ;
4, Plates 5 sand 6 are to be used as check plates,
he 7This office derires to be notified in advance of schoduled firince

to permit attendance by interested pereonnal., ‘
FOR THE COMMANDER) i

Sketoh of Method Culef, Haterials Branch :
of Teatiag (in dupe) Cod
i
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AFIZNDIX B
‘Physicel Test Lsboratcry Repori.

ENGINEERING LABORATORIES
PHYSICAL TEST LABORATORY REPCRT

ORDBGwDP=LP ,
EXAMINATION OFs Report No.__._ 58-P=40
Twenty~three Smﬂué‘ of Shect 1 of_ 2
1" Wrought Armor. :
Dates of Test__20-26 Nov, 1958
QBJECT OF FXAMINATION; :

Ggnducted for. Cavt, W, V, Resnigk
To obtain Brinell Bardness |
and Charpy Impect Data on the ~Armar Bras Auto, Div,
plates. ‘
Project No, TW-414/55

JRE

1. 4" square pintu vere

sawed frow flame cut samples Reforencs__ MIL-A-12560 (Opd,)
and aupplied to the laboratery i

for determination si the major

working direction,

2. The test samples were macroetched for one hour in 50% HCL, The
mejor working direction vas indioated and the samples wers returned to
the machine shop for machining standard Charpy "V® notch specimens, one
spocimen from each sample,

3+ Charpy specimens were oooled to ~40° F for 30 minutes, and broker
on the impact testing machine, PMrecture ratings wers made on the specimen
fracture surfaces, ‘

4+ Brinell hardness readings were taken on the broken Charpy specimens,
RESULIS)

Tabulated results follows
’ # Spoo. Chnrpy

2 17 25 363 15.0
3 15.5 25 352 - 16.7
4 14.5 25 163 15.0
5 16,5 25 352- 16,7
6 14 25 363 15.0
8 40 100 nm+ 25.4



CRDBG-DP-LF Report Ko. 58-P-40

Sheet, 2 _of 2
‘ #
Spec, Mo,  Epergy, Jt=lbs. Fracture; % Shear FHN Spec,Charuy Energy,ft-]bs.

10 46 100 21 38,4

12 é4.5 85 27 - 53,5 a¥
13 53,5 100 217 - 53,5
14 545 100 229 - 48,0 #e
15 * 60.5 100 229 ~ 48,0 &
I 385 100 2 - 007
18 645 2.00 2L A3.0
19 ;g.s ioo gzg 3‘3.0 ::
20 (0] . - 40.0

23 80 100 241- 43,0 #¢
22 The5 100 241~ 43 e
23 84 100 241+ 43,0 #

® Specified BHN for 1" plate ie 331-375.
*# Hardness valuse are outside range given for plate up to 4", so Charpy
veluos are applicable to plate 4"-12" only,

UMMARY_OF RESULTS:

1. Flates 1-6 me’ the specificaticn hardness.requirement., FPlates
1-2 and 7-23 met tho npecification impact requirement., Only plates 1 and
2 met both hardness and impact requirements,

SUMITTED APPROVED)

R, o Moot oo oo, L ¢ f

K. L. HUDDLESTOM ' A, uaf!%m /4
mliﬁt’ o 7 Qlw, 7

Ridiographie & Metaliurgioal Sestion Physiocal Test laboratory

R-2
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Farm ORONI=| FLCAL Test Neports ORDRANCE DEFARTMENT ]

21Ny I | axaaa DATA curcu SHEET DETROT ARSENAL
. , $iPsi2 .
MFG, RECORD 8O, | o ' 7 “TFiRiG RESCRD WO 1
| o : : OMPANY PREMARY COMTRACTOR - -
N ‘ FIRING DATE
toEss  COA :E}V!U.E; PA, g LQ' g:Bio‘ igTMOT speciFicaTion MPLeAwt 2560
HFG. ATE 40 L'ZZZSI ) b'!?Hﬁﬁ‘-"”“ Zp.PA. REV IS 10N AMECOMENT
saipred TOABERDZEN PROV, CRDS. | JTYPE ARMOR:  * youo X, T FH
| SH1PPED VA FRT  EXP_ TRK X ““36'05“‘”0"‘?525"‘0 ‘ CAST ROLLED FORGED
R POSET " AcC QUAL | oev X tLE# 2525 R.D. FURNACE:  OH X ELECTs
SAMPLE? PR iMARY RETEST  CASTIHG Oa%al‘xgsgg{glﬂ 'lAf:lc ACID
REBRESENTS: 9,000  Lis. ST Psteed source LUKENS STEEL ©JO |
CASTiNG O, PHILA. ORD, DISYRICY ' [iTewiaL FoR NSt ov T
L . 1 RESEARGH & DEVELOPMENT ‘
CHEM{CAL COMPOSITION STEFL mLL rnaﬁ"wii uua ‘
¢ | M | st s f-r |oer NG| Mo LOCATION | 187 ‘IkGoT | WiD, iNgoT | 1o, tucor |
P26 .64 hpolorelof 12y [L7 o 1A= A= " Ti=
3 i A- - éﬂ., : ,i}.« ]
3 | [ — BATTON _ | - A~ A=
: WEAT TREATMEET L
CARBUR |ZE NOMOGENIZE |  NORMALIZE HARDEN  DRAY ,
TP TINS TESP | TIME AT TEMP | TENP | TIMZ AT TEMP | TeMP |’ YINE AT TENP TEMP | TIME AV TEMP COOLANT
T2 HBS, PSO°K, 2 HRS, | WATER |
© HEAT NO. ' PLATE MO, | THICK | SI1ZE |- -REQ BHH ACTUAL NN ~ HEAY TREATED FRACTURE

1122104 ' . 13313715 | |
- ‘ TR SR

PHYS fCAL PROPERTIES

RAD | OGRAPHIC INSPECTION

CHARPY : .
TENP 7T LDS XIHPEX XXX X | ELok 5 2v 3 STANDARD FASSER OR FoILED
I =LO°F, 352 AVl 49,5 AYG | ;A
2 1 352/352] 17, 5=~18 5 £
3 , vai 17,5 ANE, -

T e A o e

REMRKSYS PLATES SHIPPED ON MELT LL221 1.1 S1ZE-B ) o X 1" BHN RANGE 32
/8 PLATES® SHEPPED ON MELT LL2210L 2-3 srzz-ahxﬁo X 17  BHN RANGE 3 ls/&

BALLISTIC TEST RECORD

TEST eSS ZCTILE ost. | TuKs. ';‘:L'.' 3:{ RESULT REMARKS
{ oo
B
2
| —
| 4 - . - . o o
3 — —— . f —-]
* 7 _ 1 .
PROOF FACILITY SIGYATURES
F-1

o be fillod in on typewriter (carbon buchd) or by Aand weing India Iak (for reproduction) .,
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r‘«my amx.a " . N A YR ORONANCE DEPARTHEAT
21 s ¥y my ARMOR nngwcnecx SHEET g DETROIT ARSENAL
' $1P~12 '
e, FECGHD . : ikARY CORTHACTOR FIRILZ NEFoeD 3
.Wf{' LUKENS STYEFL COMPANY bmu, ORD.' UISTRECT [riring pave |
jAo0ness COATESVILLE, EA, 28 N, BROAD ST, SPECIT ICAT 10N M) LeA=] 2560 k
| HFG. ATE a/gzi-ﬂ o Pugupeunu 2y PAy - revision AMCOMENT
[5iiT7D TOAR : , © [TYPE anWor: ThoNe X P
SATPRD ik fay xP TRE g gé.-o;h-ono-zsasno CAST ROLLED FoRGED |
PURPOSE; ‘scc _ouaL 'O 3 ILE# 2525 R. D‘ © | FUKRMACE: oh X ELect.
SANFLE:. mmv CRETEST  CASTING Oﬁ%gguca 2;{{,1& . WAJIC ACIP
TEFRESERTS: 6 OO s STEEL SWRCE LUKENS STEEL co,
CASTING NG HiLA, ORD, BFSTMOT | MATERTAL FOR USE ON : .
- | RESEA™CH & DEVELOPKEHT
‘ ’ CUEMICAL COMPORIY(ON s¥ees .‘«‘.‘£LL 5#&3"‘9!5 DATA
o wmlst Je ] T or [ w1 | wo ~Location | «8tingor | wio. twaor | LasT rwoor
EFLN S I L s Y ToF A= A~ 1 &=
7 1 ’ B MIDOLE _Aw A= Aw
fa $9TTON . ‘ A=
| e , nm nmmr ’
CARBURIZE HOMOGER' 2E T NORMALIZE - NARDZN | omaw
TENP CIHE T YEWP T TAME AT TENP | YONP | TINE AT mw S TRNe | TIME AT Yewr | Yeur | Tine AY Tewe COOLANT
pim - 1 b Ll_ -2 1 : . ) I ?
HEAT WO, ¢ IMGOT | sLAB | PLATE KO. | THICK | 342€ | 3EQ 8NN | ACTUAL BHH HEAT TREATEG FRACTUNE
iLLZRﬂLL | i | R Vbt | \
3 v 7 —— m-—m
| rwugg rgnf:jnts RADLOARAPHIC INSPECT{ON - ‘
CHARPY |
TEMP FT LBS _ v ELON § g% a3 STA(DAM _PASSES 0% FAILES
|2 ‘42*“3"91:»;17‘” . ; 0_3 R=%640 . —
. . o . ] - —02 ' LR
REMARKS N T LL2210Y. 1-2W8!ZE- X 60 X 1" EHN RANGE 521/
) BLATES SN!PP’ED ON MELT LL2210L 4-3 “S$2E°84 X 60 X §" BHN RANGE 293/321
HoA: BRUBB A& Slyilfppon of § Tinn 7
s T TNOR ., PIAE L LIKER L.l.u::l.o%o |
A BALLISTIC rm KECORD
TEST PAOVECTILE L. | ks, | MK | ket AWLT RENARKS
3|
2} .
J . -
PROOF FACILITY 8IGKATURES

e I e ot L S T - Y O

Lo bo filled in on ivbcurisor (oarbon bached] o by bevd weing Indéa Ink (for reprodiciion),
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- Form ORDM-Q

bELE

e e e e

g i ps.  ORDNARGE BEPARTMENT
iyt ARNOR DATA CHECK SHEET /7 Tiewoit arseaat
S$iP-12 ’
HFC. RECORD NO. 1—:‘“‘" cONTRACTOR i "FIRING RECORD NO. )
" ’

:*E:.Lﬂ_g.g.%' STE ’- cOvP l»..._._PH LA. ORD,” DISTRICT | FIRinG baTE

ADDRESS s_Phe J128 N. BROAD ST, SPECIFICATION MJLwA~12560

we. aTe 490/27/5 P?g“l;a%gl!’ﬁlk 2, PAo  Jreviston AMEHDMENT
1 3’“?“0 T0 , s d ) Us. TYPE ARMOR: Nomx FH
oo Vi fr P e X "‘56*03131-'0“0*2525“0 | “AST  ROLLED  FORGED

Wﬁmq ’ ACC G“AL oey X F'LE# 2525 R. D‘ FURNACE: oN X CLECT. ’
SAMPLE:  PRIMARY ms.sr CAST 14 "?ﬁﬁ'ﬁﬁs’:’&i{')”“ - BAsic ACID .

REPRESENTS: 9,000  Lis. PHILA. ORD., DISTRICT |STEEL SOURCE LUKENS STEEL ce,

y o L4 -
S CASTING MO, . MATERFAL FOR USE OK

, RESEARCH & DEVELOPMENT
| CHEMICAL GOMPOSITICN STEEL MILL FRACTURE DATA

IENEIEREEERE S EE LOCATION | 18T INGOT | WID. I3GOT | LAST INGOT
(126 X803 2 p22| Mo |08 [ A1 47 ToF_ K= A~ A~

z WIDDLE Ao A~ A=
‘:_:_j-o_wm“m N .orTou ST RS l ..... " . I&{JM

HEART TREATMENT B o
CARBUR 1 ZE  HOMOGEN IZE NORMALIZE » NARREN DRAW
TEMY THME TEKP | TINE AT YENP | TENC rnu AY 'rcur uhr TINE AT TENP rm: AT TENP COOLANT

i - B ¥ 25 . "

2

[ hearwo. | iweor [siam | puate wo. [ vhick | size | mEq on- | aAcTuAL SN WEAT TREATED FAACTORE
(1122700 ‘ 7289 |
p 2 2 4" g
PHYSCAL PROPERTIES RADIOGRAPHIC INSPECTION
CHARPY BHM. IMPACTS — — . »
TENP FY LBS wmxxﬂxmmxxj ELON § 2° s STAR. MR PASSED OR FAlLED
i 508 F, 248 B0.0=591% 3 _ '
2 2N Bo,0-b2]0 _
3 \ EB‘H IR ] - ‘ N
RE“‘RK A H 9 ¢ , .‘ 24 . 4 ' -l

X
73 PLATES SHIRPED ON MELT uazsou 24 s:zz Bu X 60 X 4"

MLLISflC TEST RGCORD

ans muee 2!11 /255

. ‘ REQY. AET, ) ]
1£5) FROJECTILE osL. | wixs. YeL i NESULT RENAAKS
x
2
) 2

PROOF FACILITY SIGNATURES
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CONFIDENTIAL

i’ -
P Iy

“mr v % e kR

B31891: Plate No. 1, HEAT No. LL-22104 1-1, Bhn Range 351/375. Front
View. etoneted at -30°F. )

G-

-

‘ CONFIDENTIAL



COMFIDENT!AL

View.

B31€90: Flate No. 1, FEAT No. IL-2210% 1-1, Bhu Range 351/
Detonated at -309F.

CONFIDENTIAL



CONFIDENTIAL

731892: Plate No. 7, HEAT No. L%,-22104 1-2, Bhn Range 321/321
View. Detonated at -30°F.

G-3

CONFIDENTIAL




View.

B31893: Plate No. 7, HEAT No. 22104 1-2, Euin Range 321/321.
Detonated at -30%F.

G-l

CONFIDENTIAL

Rear



CONFIDENTIAL

B315%94: Plate No. 8, HEAT No. LL-22104 1-2, Bhn Renga 321/321. Renr
View. Detonated at -2C°F.

G-5

CONFIDERTIAL



CONFIDENTIAL

B31695: Flate No. 8, HEAT No. 22104 1-2, Ehn Range 321/321. Front
View. Detonated at -20°F.

A G-5

: CONFIDENTIAL



CONFIDENTIAL

B31896: Plate No. 14, HEAT No. LL-22104 2-2, Bhn Kenge 255/255.
View. Detonated at -2C°F.

G-7

| CONFIDENTIAL

Rear
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B31897: Fr.ate Ho. 1h, HEAT No. LL-22104 2-2, Ban Range 255/255. Front
View. Detonated ut -20°F.

G-&

| CONFIDENTIAL



View.

B31%93: Plate No. 15, HEAT
Detonated at -30°F.

Ho. LL-22104 2-1, Bhn Renge 2k1/

G0

‘ CONFIDENTIAL

[4Y]

Front



CONFIDENTIAL

B31899:
Detonated at

Flate No. 19,
-30°F.

HEAT Me. 19024 3-P, Bhn hange 262.

G-10

CONFIDENTIAL



CONFIDENTIAL

Fear View.

.

-B, Bhn Range 262

Ho. 19026 3

9, HEAT lo.
G-11
CONFIDENTIAL

1

-

Plate No
“3OC)‘Q »

s

B2Lov
Detonated st



CONFIDENTIAL

1late No. 71, HODAT Ho. 19020 3-B, Bhn Range 252.
« R,

Z-1

CONFIDENTIAL

Rear View.



B31902: Plate No.
Detonated at -30°F.

CONFIDENTIAL

21, HEAT No. 19026 3-B, Bhn Range 262.

G-13

CONFIDENTIAL

Front View.

L)



CONFIDENTIAL

B3L703: Ilale No. 16, HEAT No. LL-22104 2-1, Bhn Range 241/255. Front
View. Dotonated st ~-20°0F.

G-1k

CONFIDENTIAL
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B3L90D: Flate Ilo. 9, HEAT No. LL-27°10k 1-3, Fhn Range 293/3221.. Front
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B31yl0: Flate No. 3, HEAT No. LL-22104 1-1, Bhn Range 351/27
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B3191l: Flate No. 4, HEAT No. LL-22104 2-3, Bhn Range 35L/375. Front
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B3LS55: Plate No. 12, HEAT No. LI -2210k 2-2, Bhn Range 255/255. Front
Detonated at -309F.
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B31856: Plete No. 12, HEAT No. ILL-22104 2-z, Bhn Range 255/255.
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B31856: FPlate No. 10, HEAT No. LL-22104 1-3, Bhn Range 293/321. Rear
View. Detonated at -20°F.
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B31859: Plate No. 6, HEAT No. LL-22104 2-3, Bhn Range 251/375. Front
Jiew. Detonated at (°F.
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B3L860: Plate No. 5, HEAT do. LL-Z2104 2-3, Bhn Range 391/375. Rear
Vies. Detoneted at O°F.
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