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Metauliurgical E ination of Ten Inch

Face durdened armor Pletes dunuiactured oy

American Lul «nc Poundry cospany

AbSTHACT

A @etaiurgical examidailon »aS ccaducted on ten piates huving & fuce
nardness ol 444 aLd a core hardness ol 330 to 350 Brinell wlhich had Leen
subjectet w bierzl. Lic L23Ls oL Lo Proving center, averaeen (aD-563).

\

Tue @etusiurgicel tesus incauded cheaicus aiuiyses, nardness surveys,
fracture tas.c, huidenability, wecro ang sicroscopic excainutions of plates
from three neats. | une hezt was o 4o NL-Cr-Mo wype; tue otaer two were o 3%
Ni-Cr-Mo type. \

1. Introduction

As requestad by tne Pruviag Uenter, Aberdeen (APG 470.5/1164,
Atn. 470.5/6883(r)), & weteliurgicei cxeminution hus been cowyleted on
ten (10) sum.les of 1" fuce uurdensu cruor subawittec by the Awericsn Cur wia
Foundry. The plutes under considerition were subjectea to beiilstic tests
at The Proving Center and the resuiis were reported in aPG irwor Report AD-563.

AN . 5 y i
" & Swuasly ol Results /‘ l Ny (. (VAOY

>~ The resusts of the meta.iurgicadl exuuinahlon show thut ail thezz
piates possessed approximutely tue swme luce wuruness ol 444 Brinell end
core hardness ot 330 to 350 prineil. - Tne bulliistic perforaunce recorded in
the beliistic report is believed Lo ove representutive of good quaiity armor
huving « hardness gruaieat ol the subject pletes. The sectiond exemined were
relutively sound wud properiy neut trsatea excepui Llor plutes .181i5-< and
1815-3 which pu:sessed & rejectavie quality ol nonwetuilic laminations.

3. Procedure
Tue metailurgicel exwaminution consisted of the foilowing tests:

a. Cheamicul Analysis lnoluulng 4 Carvon iayer analysis of one
plute from each heav.
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¢. Fructure Tests ‘ae 'R | nean
- ) AT PRI
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. :: (&) -i -: e 3 =, R
d.  Hirdenacility Teats R S R Y
) Vo . ¢
5 . § - e -t 1
&. dacCrosxcaination : : sy, 8 ;
e OIS T
L. wicroscupic fxkewlinavion including wicrostructwure, gruin size,

deptn ol curwurization ou luce uud aeptia ol uecurpurization on the

back.

4e resuits and Discugsion

Resuits of tue metuliurgice.s eXuwinution ure us follows:

de

Vitwlous nnalyses

Tue unulys8es reportwa oy Lue aunwlacturer were in fair
ugreedent witd tue results ootiihed .t tais arsenud.

Tue results obuiuinea on vhie |, iale LTuaw euch lieal ure snown besow:

vhewlcai vomposition

Analyzed Plute
by No. O _uwa _5f S P Ni er __Mo
l‘\"‘\ .Ldls-l. ““ n(’O o‘.l .0‘.5 0016 083 075 534
ﬂfg. Ldiﬁ o‘b‘) . 89 c‘l oOa.O -Ola 089 071 036
ﬁA &8“8"1 0‘5 ojb -‘0 0045 oO-L‘ 3.15 .LZ 135
'O‘I'A Ls‘o\)"i . 45 (] bt- [} 44 . 043 . Oll 3 . 50 . 37 . 33
“I'g. l849 ol.’.l’; . 50 117 OUA'-O -017 3 ou -33 036

A luger carbon wanlysis tuken evary 00" ucross the
carburized cuse ol one .sate irowm euch ueut is saown in Figure 1. Tne
resuits wuy Le cowpured witn the resuits ol tue nurdness surveys across the
carourized cuses shown in ligures . ana 3 and the cuSe depth evuaiustion
from toe microstructure «8 savma in Tuoie 1I.

Tae aign conceutrution of cerbon greseat rear tue fuce of
tne plutes i3 besleved tu ifpalr the Suouk [ ropgerties becwuse vl tae
concentration ¢l unuisso.ved curtides associated with it.

b. Hurdness Tusts
orine.l uruness testd vere cctulned ¢n tue IJuce and back of

euchh plate, core uurduess reuGings Were w.ken on tlie cross section. The
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: briueis Hardueus Tegio
o APl Led Deterwinea Lt nea.

;2n Piute No. Fuce peck Pace  bt.CK Lore
1815-1 WTe 3ol bt 361 341/35
i8ly-« Wlin 3o Lo Jea Jbe,/341L
1815 3 6l 339 Gty 33 3al/341
18:8-1 43 351 whé  i3i 34if35«
1848 « A 345 “r ded o 35¢/363
18483 W03 344 whdy 341 344/34)
1848-4 407 343 whiy  3ed 331/34l
1849-1 13 353 whi,  3hi  3ua/34l
1849« LUT  3Ho whiy 4L 3.1/35&
1849-3 LO8 524 aabd  3el s4l/35« =

Tue Juce nurdnessos lepurtea Ly Lue aullulucturer sere somewhat
higner tiun tno e ovserved 4l Thls arSelind becaudse Lue swilecds Jera
Prouebly ground Suvuiewiit.l Gsep.el’ b Lids uidalad.

T..e nurduess peastration aus invodti,uted by wmuking o Vickers

SUTVE,; ever) .U«0" «Cro 8 L.8 culuWiszu ¢Ole, 56t Figures . and 3. I
generul, the aurdened zo.e uver 450 Vickers (we$ Erinesi) exteauea 1" in
from tue tuce of e plute, altuvugn, 1o o« 12w Ol wee pawcas the aurdaness
dropped oft at « siigute, Lover de.tu. Tnis reswtively tiudn urd zoue is
less efficient ia Lruvaalig up projeciisds Luachi & Luicker case unving a
niguer muximum uerdnesSs. uvu tue vtiel waliu, Lhe subject piites exuibitved
good resisvance Lo tic SBiWCK Lypk Lhaad LIC LeSy provkely ¢8 a resuit of
tues gradual hurdness gradient tetween Uie cid8 and tue core.

L.  Fruecuure Tests

Specluens wers uotcuen wid bruken unuer tue forge nwuaser for
both toe 1racture test Lur stees guaally iU wBal TIealisienb.

T.e fructures were iicrous edtuougd =« resctivedy isat, urittie
zone extenued Lo « uwepth ol abvutl " irok Lue lice ol tue plutes.

Sacepl for .dates iBio -« ~ug 184)-3 L. paetes contuined very
fewm laminetions and were ratea 48 B lrauctures. ri.uss i8.i5-< wud 1815-3
contained numerous suort sawinations uid wousd be rejected witu o rating or

B und D respectively. mu‘
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An end queach nardenaliiity test was conducted on one plate
from eacu .ueut using tne neating cycle et loyed by the manufacturer in ueut
treating tne plates. Tue results ure shoan in Figure 4. The hurdenability
in ail three ieauts wus suificient 3o that sections well over ome inch taick
coulu be quencued cut using a water quench. Using tne criterion of hurdness
penetration to the center of tae ,..cte ol 400 brineis, tue hardensbility of
the three neats is sullicleut tor u «3" section uccording to convereion date
aeveioped by tne Greut Lukes 3tee. corp.*

8. Mucroexuminetion

ducroetched sections of tue piu.es were photograpued and the
resuits are shown in Figures 5 and o. Psiates .8i5-< uud 1815-3 contained &
lerge agount of nvametediic segregetions &8 obuerved in vothi toe longitudinal
and trunsverse sections. Tae reanining ,lutes were resutiveiy tree from
nonmeta.lic seygregutions.

The simiiarity of the etcned structure in tue iongitudinal
and trensverse directiouns indicates tuat tie steei .u8 reduced apsroxiuately
the zame umount in bouh directions.

L. Microscopic E ation
Tue two piates exhititiag poor steel quality (Plutes 1815-2,
18.5-3) contuined numercus friatie oxide stringers ot tne type shown in
Figure 7A. Typical nonmetallic s.ringers observed in tne plutes from heats
1848 and 1849 ure suown in Figure 7B.

Tae aicrostructure ol the core of asi tue plates wus a tempered
martensite in wanicn no high temperuture trunsiorisation products were- observed,
see Figures 7C sud D.

Tue cuie of tae 3% Ni-Cr-do plautes (Heut 1848 and i849)
possessed undissoived curbides in & tempered martensitic structure, see
Figure 7F wud H for ihe tvyplcud structure. [ne cuse ul' w.e low Ni-Cr-do
plutes froam ueat 1815 conteined fewer unuissolved carbides and tne marten-

sitic structure was wure uccicuanr taen in wae rewusining plutes. Tae
structure i3 snomn in Figure 7 and G.

Tne depth of caurburizatiun on tne fuce, tue depti of de-
carburization on the buck, wad the grain size ot tne piules were measured
on the wicrospeciwens «t 100X, ana the resu.ts ure iisted in Tebie II.
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RESTRICTED
Taper AL -
Deptn Ji CLuse, Decarourjiubion, «id urain Sice. :’n:
Degtn ol vube Dec.riuricution aSTM .
Piute No. incaus _inches G.S. g
1815 1 .« 05 WuLb o7 -
1815« 193 | .05 7 ;
1815-3 499 .015 o 7 : 5
18481 vcd0 .010 7 o
1848« eedU U1y o-7 .
18438-3 <190 ULb 7
1843 -4 1210 .0<0 7 o
1849-1 <00 .0L5 7 L
1849« L0 015 7
1849-3 P 045 7 ;;;;j

. -
»

" -t

i

to evaluate,
only epproximateé.
tuken a8 tue depth Lo wnich « certvain uurdiess .evel 1s wuintwined.

Tue totur depth ol Ccede WuS weusured,
burized zone wulch hus ueen tewpered,

Nutureiiy in =« cur-

wne cnange ul structure is difficult
and su the vuiue oltalned Irow the microscopic exswinetion is
Tne aepth vl tue cuBe ITul u kalistic stundpoint wmuy be

The

zone nerdened over 450 Vickers (qod Briue.l) is approxi.utesy 0.1 inches

or 10% of thne tnickness ol tue p..tes under coas.uerwtion.

Tae pldtes rrom

tne low nickel ueut iBl5 pussessed the suwae uepth ol cute us the piates
from tne nigher nickel ueuts 1848 iud 184Y uilbougn Luere wuas sSowe variation

in depth within the individuai nsats.

decarburizution.

the back gurlaces of all tue plates.

These c:.ti. wure snown in rigures « w«nd 3.

The aecurvurization velues listed ure tue extent ol the partial
Tnere wus «iLout VOL iricu decusourisation to rerrite on

Tue uurd i'ace ol Lue Sulguit piutes is not vewieved tu be

very eiftective in brecking u, progectiies, its priaary tunction, tor the
daxipum hardness 16 iow and iuvs ellectave atrd Zone 1 veiwvivedy thill,

being on.y 10% of tue t.lckaess.

Ui course, wa order to lnsure u guenchea-

out core structure ol 340 1o 3Hu prinesd it 15 uecessary to tewper ut a nigh
teapersture which Llowers uue niraness ol tue Cede.
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BKS A lt" carvurized wrawor section ol Geraan winulacture huaving .
% gpproxis.teiy tue suime cuewisiry wa8 exwulided ol taiy ardencl*, It possessed -

! & fuce uardness ol t'! brinesl and w core aarducss of 331 Brineuai. To -

achieve the uigu face .uurdness oud
yrobubly intercriticuily gquencned,
of tempered wurteusite wnu lerrite

+OW Cule nurduneds, the steel wug co
lur it possesses a heterogenevus structure
in vue core. Tue lormation oi the

permits lue heet treuting ol curuvuriced stweli to glve the desired nurdness
gradient.
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heterogenevus siructure lowers tue imp.ct strengtir o' wue steel, but it S ‘i
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MADE BY AMERICAN CAR AND FOUNDRY COMPANY,
WIN,710-2193 FIGURE 6

1€ NOVEMBER 1043

ISN 1 xd AINJWNUHIAQD LV U30NUOHd 1t




h

EE IR L A N L B A A A e A e i O

TAY e o

TRWAANEN T LT a ¥ T S

T T W T WM g™ @ Y T d T oW e T

T -

oy sy .
-~xu posndmy up sePpeIvy -~uvm edmy w3 “«ﬂ ﬁ Lped g
80Uz WOIZ ((T0° 1969 ‘008z WOIZ JONO® 10890 ‘OyWWIINE pemdmmg 1036y Oquey WP 2 S
ey X - 000TX ! { 000TX TSIOId a 000TX TeIO%L € ooTx ] R

Y ad

SOYSTZ oY Jo seamy T

*ey ey T ceymusy

~Iouw pozodmey Ul SOPIRIV) ~Ivm pemdEny UY SEPIQIWY . "GYST tveR ul sw3Iuins
‘0083 WoxJ ,GT0° tesw) ‘o083 WOXZ JORO® 108wy ey pPWwiIew Pessdany texep odLy ePYXO eIy Teotdl:

L s B gooTY T*®IE X 000TX Te014 ) 000TY Vvoyesemp v 0oTX

L

w
hCREA

S e
TR

el

AR
e

“e)

CTST Y90 ON-)-TH $T OU3I WoIZ 8eIVYJ oY} JO seImydmig Ywesdiy
£~G19T *yv g

R
)

'.:‘_\‘_“:\.“ ™~
1 A

S R

. .
L

®
R

»
.
L] A .‘- >
) 'ri'u‘

@ e A
e e g B




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

