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i Report Ro,. 5.
Light Armox Plate Devalopmant, : @

¥

A, Wigtory
B, Heat trsatmsnt invsstigation, ' *
0. Praparation for ballisiic tast,

1. Gsrm;ixatiou

3+ Rolling

3s Heab tresatmant %

4., SConclunion, :

Introduction, N

The arovs outling illustrates the ordsr in whioch ths yari- J
ous phusas of this investigation will bs discussed in this re~ ©

s
-

pors, v
Data compllnd at the Burezu of Btandards from the tims of Y
the arrivel of the pletas to the time of shipment will be in- ?\sf\sg
cludad, ' | T“ :
Bsotioh A, - History, '

On Deosuber 25, 1881, fwsuty-four plates wers rsasived |
Irow Watertown Araensl, Thess plutes ware anproxingtely 18" x - !
18% and of the thicknass liwtad in table I, which slme inoludes \
the chemioal analysis, tha lattar Being rathar unifors for the h z

emtire lot of plates, — 1w, \3'
i
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€ J710-.735 0,48 1,05 0,013 0,015 0,15 0,02 L79 0,30
.870..680 0.45 1,38 0.016 0.01¥ 0,15 0.01 1,78 0.383
) A ;3?0“;3333 0.44 13&7 000@ 90015 04% 0001 1&73 0019

Yotes~ The grouping of tha plates {3 in conformity ¥ith the
nathod sdopted with regard to Lormar shivments of plates - 1.0
serialixing them in the order as rsceived; (growps 4 md B som-
pricsd the QvERS and 13000 chrom-nickal plates respsotivaly),
which ware regeived in the sarly part of 1931),

—> The surfaces of the plates in genersl wers in falrly pood
csondition having only s:aall thin £ilms of oxids on thaw, It a
fow cases the surfavss wersz marrad by grooves ~ probably caused
by rolling - but thess dsfdachs pravailad on ons sids only,

The platea ss they arrivsed ware z;wkaa in gresss and in
oxder to remove thls, o prossss of annsaling followad by graase~
solvent cleaning was appliad in ordst to produse a surfasos wiloh
could readily be pioklad, ) %*»59"‘!‘

The plekling bath was compossd of a 10 %clution of sul-
phuric asid, the bath walng squipped with sn slectric hsating
00il the pu=poss of whish wan t2 hasten tha procsss of remov-
ing the oxide and t5 producs tha dezirsi curfacs for carburisa-
tion,

After piokling the entire lot of plates,— tvo of esch group,

naxely O, D, and ¥, f"srs se¥ 38lds us sxpsrimsntal plates for —?M}fl’,
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" —Dths hast trsatrment investization und othar exparimantsl work,
The remaizning eightesn plates were 45 2e praparsd for the bnlis-
tig tenis, K
Figuxss a and b depiot the atructurs existing in thz plates

(88 reosivad),

..

Fig. & X500 Fig. b X500 N
Typlioal structure of Typical struocture of
0%, 8+and 0", 74 armor plate. 0*.38+ armor plate.

- Ssotion B,
Heak-Tragiuapt Invastization.
1, Hoat treatmsnt,

a The purposs of this investigation was to producs a plats

whoge surfase was possossnd of meximum hardnegs, using a quanche~

il = - R A e et s - - e «r«- s M e o r——— AT i T,
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¢ Table IX.
R Hon-Carburizaed Spegimensg Singls Quenohing
Ho. Haeet Trestment Hordness
Quench~ Temper- Brinsll _ Shora gtmcture Rauarks,
ed ¢0 _ed °C Fdga Intarior
3q 7759 - —— - -~  BM.,(4mprint in svi-
- dange)

&  7795-w 150 5ol 51 B8 Mart. (nesdle astrud,  Quenoh
having begun to amul-  orasks

gif
8 T778-% 235 580 &5 a3 E.M, QGmprint in evi~ Quench
- . dange} aracks -
B8 775-¥ X0 387 438 39 E.M, Decomposition Quanch_
o produsts of mart, oragks
ﬁ: 7?§=Q —— ———— —— bntiond Eogo
4 7750 1B 347 43 37 Hars, (nsadle struciurs
Tt well emulsified).
. 1750 __Bgh 368 48 40 Samas ap ¥o, 4. .
8 775-0 200 403 B4 A6 E.!&,!slight impring
in evidsnas). —
B8 eem oo o = ZH, . -
850-% 180 532 54 51 ¥grt, (Reedle strus, bt Quonch
hagzinn mulaif oregks,
-7 850-W 233b 4386 48 41 E M, Limprint in evi- uansh
denge)-stress bands arasked
- badly = . __.
il 88O-W 200 457 65 62 E. M, (slight imprint in Quench
_— avidencs gracks .-
8Q B880-0 S~- J— - —— Yart, (neadls struotura
amﬂ(mmmiﬁad)- -
9 8B50~0 " 150 254 45 41 E. M, (1gprint in avi-
" . denoe) . )
e 8800 2RE 889 48 43 Ey M, -
18 850-0 200 632 €0 65 E.H,
18§ bEs-¥ == == == Nart,(needle_struct,
) il wiilad £ ‘Rd)y .

16 Ga5-W 150 701 Bl B0 Mart, (nsedls strucF.  QUench
slightly exulsified) or?g}ced
bagdly

14 ©3b-W 526 474 53 58 Bams as No, 16 Quench
: _ gracked
38  8as-§ 200 BboB 66 86 E.M.(alis;ht’ imprint 4in
. gvidanos), .

Hotes: = EM, = Frulsified martensite.
' 8¢ruct, = Stmgture.
Yort, = Martensits (nsedls strusture}.
Ieprint in evidenos = Imprint of martsnsitic nesdlas in evidenos.
Under heat treat. 776-W; 775-0, ato., = watsr end oil quenohing
reopeotively.

144



S I7 9850 150 835 64 Bl Mart,-lneedle otTuct.

L3
L TR,

Table IX, (continued).

Hon-Corburized Spscimens Singie My~ gg}_’gmg
Ko, Heat Treatment Hardnassy
Quench~ Temper- Brinell__ Share Btructure Raagrke,
ed °C__ed °0 Edge Intavior 4

159 $36-0 -—- — - -~  ¥art,-(nesdle struek.
domewhat smuleifiad).

it wall emulsgifiad),

~ 15 £35-0 235 243 45 41 F ¥~ (Amprint in evi~

, e _ danne), L
I3 925-0 300 B37 88 0 ¥. 0. (imprin% in evi-
dangs), A

Rodes! - E. XM, = Enulsified martsnsite.
Struot, » Structurs,
Kart, = Martensits (nsedle structure).
Imprint in avidenoa = Imprint of martensitic needlss in svidenae,

Under heat treat. 775-W; 775-9, ato. = water and oll guenohing
reapaatively.

a
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ing temperptuse whose Asstructuve effset (oracking) w?uld b8 a
minimum, snd producing a wicrostrusturs apprésshing a fins or
emvlaified nardensitic texture,

The absencs of £rae cementits, a constituent which haing
brittle might csuse spalling, dus o impast of vullst, was de-
sired. It was proposed to drive tﬁze gamentits into splution,
Cementi’s had bezn oxiginally praoipliated by ‘the glow seoling
{after carburization), follswing the long heating (during car~
burigation), In the gz2s2 wheras the non-carburi zad plats was
used (Specimens 1 vo 18 - Table II), 4t was nloo dedsrsd to pro-~
duce o fine or emulsified mavrtensite. Howevsr, ths prodlem of
driving the {ree¢ gementite into soluilon did not ocour,

In carrying out this portion of ths problem, 54 gpesimens
(approximatsly 2% X 3*) of the gyoup "C* (.7"+) stock wors pré~
pared and surfaos ground on one side.

Thirty-oix of these spsoimens wers garburized for 73 hours
at = temperature of ©35° 0, thus produocing, on ons sids, a case
of approximately 1/4 iach., The opposite side was protestad by
a soating mixturs of pl'mtia firs olay and water glass.



Note:~

,é ! 2:_';_ A= Quenched-Tempere d
r 8~ @uenchea only
.—_—-@ T —_—@ |
~hy i
frinelling Brinelling
Surface w Surface g
<
Fig- A @ Fig-8 .
8
1.

‘ Diagram of specimens vsed for heot-treatment
Armor-PFlate Investigation

¥ig. A, ¥ig. B,

The cowmar of agsh apasinman was slotted as shown in Fig, A,
The oojsot 2% $his was o provids an internal surfass which
could ne miarossoploally exuminasd to datermine the results of the
guenchin: and drawing treatments. 4n additional gpaoiman fox
mioro-geusination repraserting each eashin; tanparaturs was
prepared in ths gana way; by slottdn: a sscond cornsy, ss il-
lustrated in Zijurs B of onag of avery thres of ths 54 gpocimona,
The 3" gpecimens wers then surfsss ground on the sidss which had
not toon garburized, It was necessery to produss a szooth oure
fnoe for brinelling and solerossoping ao well as to remove vhat
1ittle onos may have been produged by gases penatrating the oloy
gmating,

Ths quenching texperatures ussd renged fron just above tho
Aoy oritioal range (775% @) t» the temperature at which carburis-




v o

- .
ation was carried out (936° 0), while drawing was done at 1E0° C,
335° O, and 300° O, Tables II, IIT smd IV, list% the guenching
end tempering temperaturss applied. >

Only oavburiged spsolmens wers subjected to ths double-
quenching treatment (ses tabvle IV)., The purpose of this waz fo
refins the structure existing in both ths case (cariurizad zone).
and the cors of the materiel. The quanching medis unsed wars oil
and water. Their application is listed in Tables II,III, & IV,

The specimens bsZore hsating to the quenching temperaturas
were packed in charccal to prevent oxidation, They were then
placed in an sleotric muffls furnsce and allowed to heat with
the furnace, to the reqiired tempesrature and held there for 45
minutes, after reaching the dssired heai, to insure thorough
soaking of the specimens,

The quenohing baths were kep% at practiocally constant tem-
perature, The oil bath was water cooled, while a continuous
flow was maintained in the water bath. Thase condltions in-
gursd more uniform rasults.

The tempéring operations were conducted similarly, exoept
that oharcoal was not necessary dus to the domparativaly low
temperatures, Vater was used as the cooling medium,

After tempezing the 3" blockas, the slotted speoimens, as
shown in figures A & B, warae meversd for miore sxamination.
Those blooks having 3 speoimens were stxipped of one speocimen
after quenching but bafore tempering in order to dstermine the
hardness and to obgerve the structure of the material in the
untempered condition.

- e——




.
3. Brinell and Scoeroscops Hardnegs: -

The 3" x 3" spacimens alter heat-treatment were surface
ground. The oarburized specimens wers ground on toth aides if
warpage had bsen produced by quenching, otherwisge the garburiz-
ed side only was ground, In either case the absolute Bminimum
of surfacs was removed from the case hardensed side as the gar-
bon content is a maximum nesr the surfage. Dus to the per-
centage gradient of carbon in the cass, bhaing a maximun at ths
surface and decreasing toward the junction of the case and
core, the spscimens for migroscoplc examination were removed
before suriace grinding in order to have the edge (as oarburizsd)
available. The surface grinding was followed by polishing all
speoimens (2% x 3") on Wo. 1 G emery paper (both sides of oar-
buriged speoimens and one side of the non-carturized specimens).
This final treatment produged a surfase suiteble for brinelling
and gsoleroscoping.

Five brinell readings were taken on each (polished) surfsos,
and a minimum of 16 goleroscope readings wers taken ( 8 or more
ground the edge and a like numbar in the central portion of ihe
3* block).

The slotted specimens, (Fig. B), representing the condition
of the carburized metal after quenching, were also ground, polish-
ed and subjeoted to the hardness tests as desorided shove, Dues
to the size of these specimens (approximately 1/3® x 1/3") only
ons brinell reeding and 8 golercscops readings were tsken on
each slde.

The results of the brinell and soleroscope hardness teata
are compiled in Tables IX,IIX and IV.

e
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3. Microstructure: -

The specimens representative of {the quenched and quenched-
tempered matsrial were prepared for microscopic examinstion in
the usual manner. All spscimens were stched in 2 % nitric aoid
in slcohol,

In order to portray mny differences in micro-structure which
might ooour in the quenched specimens after tempering all struc-
tures representative of the steel in the quenched state wers ni~
orographicelly recorded. These appear in plates 1 fto X. The
letter "Q¥ following the gpecimen number indicates the c;uenched
gtate. Upon examining ths quenched-tempered spscimens, thogs
speoimens showing a differencs due to tempering were mioro-
graphed. Thage sppear in plates I to XI. (see tables II, III,
ead IV for description of strugtures).

Figures I and 3 (Plate I) represent the structures pre~
velling in tne specimens (3 Q and 5 Q - table II), quenched
from 775° O in water and oil respectively. Comparing these with
figures 8 and 4 (Plate I), which represent the atructurea in the
specimens quenchad from tha same tempsrature in water and oil
respeotivaly followed by tempering, specimen 3 being drawn a}
160° O and speoinmen 5 at 3009 O, there is but a negiigible dif-
ference. Figures 3 and 4 are reprosantative of the strugture
of spacimens quenched in the same manner and drsyn at ¢hs tam-
peratures as noted in Tabls II (ssc spscimens 1 to 8).

Figure 6 (plate II) exhibits a martensitic structurs rep-
rosentative of thet prevailing in the specimen quenghed in
water from 800° §, but upon temparing begins {o emulsify, al-

- —— 4 ———-
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though still retaining the needls juprint when drawn at 300° O,
(specinen 11, %able II, also Fig. 8, Plate II).

Fig. 7 (plats II) 43 representative of the structurs of
the spscimen quenohed from 8850°¢ C, in oil. The sbruoturs doas
not differ appreciably from that shown in Fig. 8 (plate II) whieh
is reprasantative of the structure in thé spsoimen tempered &t
180° ¢. 0Of those drewn at 235° O and 300° C respéotively, the
imprint of the martensite as shown in ¥ig. ® (plate II) is lack~
ing.

The transition of the siructure of the speocimens quanched
from 93B° 0 in water and oil respectively are very marked when
compared with the struoturs in these specimens sfter tempering
at 300° 0. This marked differsnce may be observed by comparing
figure 9 (plate III) with figure 10 (plate III) and figurs 11
(plate III) with figure 13 (plate III). Although figure 13 ia
repraaentative of the structure prevailing in the specimen quench-
ed from €35° ¢ in oil snd drawn at 335° 0, it is similar to the
structurs in the specimen which was given the same quenohing
treatment ut drawn at 300° C,

All of the specimens thus far raferred to were of the
plates which ware hsat-treated in the condition as reosivad
(not case-hardensd). fThe disoussion from this point on will
deal with the carburized plate.

The specimens quenched from 776° 0 in water showed a mark-
ed change in hardness upon tempering at 326° 0 and %00° ¢ re-
spectively, when gompared with the specimen tempered at 150° 0.

Y
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The change ie well soosunted for, vhon oconmparing the strusctura
depicted in figures 1%, 24, snd 15 (plate IV) which represent
the structure in the epooimens tempered at 150° 0, 286° 0, and
the originally quenchoed specimen respsctively. Figures 12 and
15 portray only a fine martensite whils in figure 14 troostite,
corbite and pearlite are repreganted,

Figuras 16 snd 17 (plate V) rapressnt the prsvailing struc~
turg in the outer and innwur porticn o the carburiged zone ra-
gspestively of tha speciumens oil quenohed from 776° 0, The tem~
pered specimens ghow a atructurs very closely allied to tha non-
tempered ons. Figure 18 (plsts V) is representative of the
structurs {n the tempsrsd sondition, The hardness numbsy of
ths spscimens of this quenoh sra low as may be e¥psotad afier
ovgervin; the strvoturs whish 4s zsomposed of paarlite and sor-
bite in the maln and some troostite,

The water quenched spasimens (850¢ 0) showed a constsnt
inoreesss in hardnoss with inorsased iraving tempsraturs (ses
spenimans 34 to 36, Tabla III), which is duse to tho vatantion
of auatenite due to ths quonch from tha ghova temparaturs and
the gradual transitisn to martsnsite whon drawn, Figurs 1S
is representative of ths structurs existing in the quenched
speoinmen, It shown the prasencs of mush sustenits (1large

white irragular patchss) while £igura 50 partrays ths struoture
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of the same speoimsn Sempared at 180° 0 and shows s mors dlearly
defined martensitic struoturg, Thin transition continuas on to
300° G, (ses spaoimens %1 fo 23 Tabla IXIY.

The hardnasa of the gpecimens nil muenched fronm B2 ¢
showad 1little Alffarense after tempering., Figures 21 snd 23
(plate VI) reprasentinz the strusturs pravailing in the spacimen
which was quenchad and ona whizh way (uenched followsed by temper~
ing at 200° 0 raaspectively, vary olosely regemble sach other,
gltho tha structure is finar in specimen 21 (sos figure 38 Plate
VI). This likeness sesma to scoount for ths glossely coryaspond-
ing hardnesa. Specimsn 35 (tabla III) tempered S85° O ghowed
the maximum hardnena of this eerias, and may be ascountsd for by
the fuot that it poscesses much fras gementite and more readily
paases t: the emulsifisd form of martensite of which strustura
it $e posnessed.

The followine sonditions of strusture would sssount for the
hardness; (a) the pressnoe of sustenite in the speoimen tempor~
ed at 180° 0, (b), maximuwm martensite when drswn at 235° 03 (o),
a mixture of decomposition products of martansits when drawm
at 700° O (see specimens 31 to 33 Table ITI),

The zpecimens qusnshed from 935° 0 in water retained some
sustenite snd glearly definad martensite (ssa firure 23 Plate
VII). Tnis struoturs upon temperine pasasd from olsarly dafinad
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martonsite into an esulsified form, altlio the itprint of the

neadla structure was gtlll in evidenda, Suall patohes of sug-

tenite remsinagd in the $empored speoimens, The sirusturs in

the tempered sondision is Allustrated inm fipuve 34 (Plats VII),

the arrows indisating the sustenitio patohes. It is probavlie
taat tiis structurs rspressnts a msbtastabls condition zs tome
pering a2t 1809 0 producsd a structurs sontaining masSinmum mav-
tenndte (of this quensh), This was indioated by the maximum
hardneos (see epsoimsns 15 to 27 Table III). Further tempey-
ing (228° C) produced a structurs which showed the martensite
beginning to break up ut still retsining the patohes of ausg-
tonite thus adsounting for the deoreassd hardnass (see figure
14 Pi.ve VII). Wien teupersd at 700° 0, the austenite passed
over tc martensite and the hardnaess inorsased, Qut did not
reash the valus recorded for the speoimen tempsred at 150° 0,
The ¢11 quenchsd spsoimens (from 935° 0) (ses figure 25
Plate VII) showsd a reoseding hardness with inoroased drsw-
ing temperatures, The quenched speoimen (without further
treatment), produskny & struoture most nsarly approaching
100 ¢ martsnsite, This showed the maximum hardness while tha
specimen teapered at 2009 0, showed a minimum hardness, The
latter posscussd a strusturs of fina ar ewulolfied mavtenalts

and proeably soms trocatits und corbits (nes figure 56 Plats

[y - e 4 e e em
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ViI). The speoimens taupered at 150° O snd 335° ¢ respsotively
showad a gradation from the meximum t6 the minimum hardnses re~
speaativsly,

-~ The specimens doudbla quenched at 775° 0 in water (sse fig-
ure 2" Plate VIII) producsd s maximur hardnsss in the non-tem-
pered condition, anl enftened with inorsasing taaporing tempar~
atures. Ths speolmens Arawvn at 225° O and %00° € (specimens
48 and 47 rospectively,Table IV) ghowed s structure whizh would
indioate that the latter tempering 4id not producs a changa
over tho former, Ths hardness numbsars beur this out, Figura
28 (Plste VIII) showed ths charasteristic structurs of tha tem-
porad spesimensg,

Fioure 58 (Plate VIII) whish regresents the structure on-
ictinyg in the cpcoirsn qusnshed and requenched from 775° € in
nil, 1o compoged of {ins martensite while the temparaed sysci-
wane of this guench showsd a struoturs acmpogsed of martensita
(eaulsifisd), troostite and sorzite (ses. figure 0 Plute YIIX),
Trio aocounts for the deoreasing hordnsas with dnoressin;, &rua-
ing, traperature,

Fipure 21 (Plitc IX) dopiots tho structurs prevailing in
wpesinen 41 (Taile IV) whioh gas quenched {Tom BEO® O followad

'by u quench fros 776° 0) auter bsing the (uenching msdium useu
in ioth couee, The spesiren thus trsated wag itouni to b hard-

o than those trented in o like nmannsr and then drayn., This

e
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is expleined oy comparing figures %1 =nd 33 {Plate IX)¢ The
foraer shoWis o purely mavtansitisz siruoture whils the lattaw,

(raprosontative of thes strugturs in the temparsd aondition),

_showg daoomposition produsts of martansite shish ascount for

ths dspressed hnrdocaes,

Figurs 38 reprosonts the struoture existing in the spepi-
mens quenched in oli from B850° O {ollowed by a similar guanch
from 773° 0. Here ua in tha previcus case where waker was uasd
for quencoing (sans quensuiny $smperaturss) the quenched speci-
man (0o tempsring) was harder than the specimens whish wave
Irevm,  The game explunation as given for ths waber quenched
spasimens may bae used to exXplain the dooreassd hardnsss with
ingreused temperin- Lenperabures (gompare figures 27 and 24
Pizte IX).

Figures 25 and 23 (Plate X) represont the struotur: o.

115 apesimena quenched from 855° ¢ mnd requanched from 775% ¢
(uoin: Water as the quencning modium), The quenohad speoimen
2os2es<2d the uatimum hurdness as comparad with ths speoimens
wonthgsr sl drawva,  The reacon {or this 4s that the struature
of apeoimsn 33Q (figura 25) is practiocally purs martsnaite
whila the structure of spesimsn 35 (figurs 33) appesrs to do
pasuing into tio desumpasiticn prodiots of martonsits (prube-
nily troustite and suruits),

The structure vhowm in fiurs 37 (Plate X) 4s represontg~
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tive of ile specimen quonched from 935° O in oil followed by an
oll quenoh‘from 776° C, while figure 38 (Plate X) portrays the
structurs of a spsacimen treated similarly but followed by tem-
pering at a temperature of 335° (. The explanation of the quench-
2d speoimen bsing the hardsst and ths hardness decreasing with
inorsased drawing tewpsrature (see specimens 20Q, 19, 20, and 31,
Tabls IV) is accounted for as desoribved for figures 35 and 36
(Plate X); namely martensite passing into its decomposiiion pro-
ducta,.

Figures 39, 40, and 41 (Plate XI), are rspresentative of the
various types of stiructurs oxisting in ths cores of tha various
specimens after heat-treatment. The first is referred to as an
erulaifiad ar £ins martensite, the ssecond as a nesdle typs mar-
tensite, and the third as pearlito-sorbits complex, (sse ex-
planation of cores Tables III and IV). The whits patches in
figure 41 are freec ferrite which ia present due to the slow
cooling following carburization., It is Mut slightly affscted
by the subsequent heat-treatment due to being heated vary
alightly above the oritical range thus causing the partial
solution of the constituents bsfors quenching.

Oonclusiona: ~ On x thorgughly comparative basis us re-
gards structurs, hardness md gsneral magrographic conditions
(quench oracks ete.), of.the spscimens after hsat-treatment as

wall as minimum quenchiny temperaturs, the seriss comprising
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41Q, 49, 41 and 48 (Table IV) which ware querohad from 850¢ € in
waber and requenched from 775° C fin water, were chosen as the
moat desirable in making 1 final geleotion for the trestment {o
b given the brllistic teons plates,

It wae espsalally dasivsd 4o double gquench in order fo in~
sure s thorough treaimenst of both tha cass and cors, By cbsery-
ing figures 13 and 14 (Plate IV); 15 and 1% (Plate V)} 19, 20,
81, and 33 (Plate VI), and 33, 34, and 36 (Plate VII), the
structure ¢gan in no inostance bs sald to approssh the dagree of
fineness shown in specimens 41Q, 40, 41, and 43 (Table IV) (262
also figures 31 snd 32 (Plate IX),

In choosing betwaen specinens 40, 41, and 48 1t waa declded
that numier 40 would bs the most practiOai ag the tempering ifom-
perature orplied in 4%s trestment is sufficlsnt to permit the
application of pressurs to ths plates for f£lattening without the
inherant danger of grasking.

Saction 0t -~ Preparation for Ballintic Test.
1, Qgrhuriggtiont -

The plates as desgrived in ths firat part of this paper
nare divided into three lots, sach lot comstituting a asrtfain
thicknese (see Table I),

In kesping with the aystem used 4in labaling plates of pray-
lous shipmengs, the platss of this group will be known as lote
C~D~ond B, as explained on paga 3 and outlined in Tadle I
(page &), |
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Inaseigh as thase platies contsined no ohrowium, 1¢ was nécaes-
pery to approXimate ¢he time of gcariburization for ths various
deptns of panetration 4desirad on the basis of sust dats cowmpllad
fron the experimants carried out ab the Bursay of Standerds on
lots A snd B of Arwor plate {ohrom-niokel steel) for rate of
penetration and other published datas,

A T e D e A0 B T WD G e A

® (G, F. Manefield, SBurfuce Carburising -~ pp. 431 -~ J. &m,
8teel Treaters Ssaisty -~ 1919-20 ~ Ho, 2.

- o - -~ -

Tha corburizer used was o mixturae of 4 parts of charcoal,

8 parts of hone and 4 parts of barium garbonate, This is knowm
a8 a8 4 - 3 ~ 4 pixturs mnd sdopted as s standard for thase armor
plate tosta,

The plates wars packad in pairs, The $9s ourfgoes Intended
for carburization were exposed while the gpjoalte surfoges were
plased togsther with s rofrsctory material betwean them which
revisted ths penatration of the carburizing gases, 4 special
refraotory nataricl® was anplicd to sash plats in thres to four

:inancribed in Report HNo. 4 on ooaﬁing for saleotive ozrduriss~
one

coats, The aoated sides of two plates ware put fase to fzoe
as deseribed above,

The plates wers packed £o that at lemst one ineh of oar-
turiger compound bordsred ths face to be narburized,

[ U R U
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Tabla ¥ ig an outlina of the tins of carkurisstion and
dapih of Cues of the ballistic -lates. ‘

Tshla V.
Plats Oowputed dopth of Agtusl depth of Time in hours
gage in inghan oage in inshes

-1 0,188 0.1686 a9
g-2 0.185 0.173 4]
¢-3 0.188 0.2856 53
C-¢ 0,128 0.2354 53
c-5 0,280 0.332 75
g-8 0,350 0,228 7%
B-1 0,138 0.153 29
D3 0,136 0.139 39
D-3 0.188 0,848 53
D-4 0,188 0.21% 63
D-5 0.380 0,288 7%
D-6 0.350 0.23¢ 75
E-1 0.188 0,285 aa)(*
-3 0,168 0.266 a3)
E-3 0.063 0,128 9
B4 0,963 0.104 9
E-~0 0,185 0,108 ]9
-6 0,185 0.3135 89
» ;Iot )

a:l Penatration t:f;k plsza; from ™th aidoa.y
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Ths %R havin - oaan pagked, 4~ top was soabed with fire
slay (85 % plastic 2lnr w4 23 ¢ o1leined olay, the latter for
the pravantion of shrinkays and gonasguent sxXposure of ths In-
Bar nart 27 0% 4 She flame of furnagel,

T+ tirme of gurkurization was maasursd from the time thy
Wx rasshed the raguired tamparatura, namely 225° 0, 7Thly
texrier zturas waa maintained for tha time outlinsd in Table V,
The bz after oarbhurization was allowed is furnagsa-cool to
Toox samoaratura whish requirad fronm 20 to 25 hours.

4 speulmen was asvared frou aach plate for zhs purpoas
of waasuring tha depth of penetrasion (ses Tavle V), and $hs
miorost=uoture, (s2e Plate XII for rats of pemstraticn ourvas).

Piow o 45 (Plate XYIX) is sherspteristio of th- stmustuvs
exiz2tin- in the plites aftoer s~ 'wmrization, provious o woy
furthar treiment, Firurs 43 (P):te XIII) i3 2n exzspiion %o
tha structurs ~xistin: in tha plotogs This axoeption applies
to plateg D=1 ind D.2 whigh war= go~Murized ¢~ a denth of
3/16° »ut 4due tz the pogr inoulation ussd on the non-~oar uriz-
ad surfeoen, the gasas 144 ponatrate to quite an extent, The
i'enetration from th- o~ gides mat st somn distanee in tho
plite (an D=1 and D-2 wers only akout 0,27 inchez thiok),

This perrittod o piling up of the gurhido as ghown dn fipgure
42 whish portrays a subetantial exssss of ceusentite. Thin
condition mi ht leed to the dznper of crasking sithar during
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ballistio test o~ furin. ths guenchin< oy streoightening procecses.
2, FRolling? -

Follawin: the progrey of havin: one rollnd plate for esch
unrolled plate, lts {0-D-B) wers anooordinzly ivided.

T« fallawin~ plutes wers celeoted for rolllng - O0-Z, 0-3,
¢-g, D-1, D-Z, D-F, E-1, F-Z, .n4 F=5 (sse Tala V for rate
of renetraticn)., Thass plates ware rollad eguerdin, t¢ the
gpeoifiostions outlined Yy the Yar Daypartment which ara linted
in Tgrvle VI.

Tﬂbwg
Iot Rumier Thisknans in Inches Final Thickuess
grestoer lass aftar reduciion
then then in _inches
¢ I N $¥3) 7356 . 428
a | § u ]
5 - k2] "
D 1 E70 . 850 » 378
3 " ]
5 s x
E 1 270 850 280
7 . "
5 4 u

The plates wevre pasked in lump oharcoal to prsvent oxids~
tion, and then heatsd ¢ 11609 9, held one hdur for thoro
coaking of the platss at this temrarature, Tha pusa radustion
in a1l oases was 3 4, Table VII contains ths rssults of this
operation. The plates after rollin; wsre reheatsd to & rad
heat snd straightiered undar a 155 ton hydraulic press,
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Piste COritical Finishing HNumber Heating  Final  Osss
¥y, Tempers- Tempara- of roauir- Thiok-  Affser
ture turs Pangag ed npas, Roliing,

¢-3 1100° O B4T7° C 20 3 0.483 0,091
3 » no reoord 19 3 0,484 0,143

] » 282° ¢ 19 3 0.445 0,123
D-1 " 748° C 31 2 0,383 0.091
3 . 691° ¢ 20 8 0,435 0.175
5 L no regord a8 3 0.408 0,171
F-1 @ 79%8° ¢ 5 1 0.288 0.355
3 # 847° © 5 1l 0.880 0.131

B » 880° ¢ B 1 0.370 0,143

3. Heat trentment: -

As desoribdad in ssction B (undor hest-tresiment) the traat-
ment selsoted for the ballistic platss was a Joubla quench in
water, first from 8509 ¢ =znd then from 775° ¢, This traatmsnt
was followed by temparin: at 300° ¢ and quanching to room tem-
peratures in water,

All plates wers packsd in charcoal to prevsnt oxidstion
during heating.

In erder to have condition as constant as possible during
quenchin:, a continuous flow tank was uged thus kesping the
water at a falrly gonstant temperature,

Dus to the hi-h initisl quenohin;: temperaturs, the plataes
¥are not guenched to water temperaturs, mft to approximately
1E0° C to 200° 9, thus rsduginy intsrnsl strsasses, to a min-

ths
inum, The samo procodurs was followed in/reguench

U O VU U
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Tards ?_I,II.
Hyrdnesg ~
Plate Urinail falayaunops Ranarks,

Bige 4 8ide © Bide A Side B

G-1i 78 76 B35 B4l ce
-8 78 78 HEp B18 Ro11%4 plata,
-2 78 &7 655 480 Ursoked on guenching.

folled pizntes
O=~4 73 éB B4l 489
a5 88 684 501 A54 Oracked on gusnching,

‘ Rolled plats.
0-6 84 7% €90 638

D-1 78 72 B85 6501 Rolled plete,
-2 73 g8& 5886 513
3 8 83 83 427 403 Oracksed on quenshing.®

. Ralled plats,
D4 70 73 840 856
D=5 78 95 518 495 O2ucked on Guenching,*

Rolled plate.
B-6 8o 74 850 531

Bl 't6 &Y 533 477 Oraoked on qusnching, ¥
Y-l 71 70 594 517
B3 78 79 bl 648 Uracked on quenching,*
P-4 44 76 544 513
Bef 24 B4 487 358 Cracksed on gquenohing.*
E-6 77 78 B20 474

* Nota: -~ Thass oragks wars sliminated oy cutting plates to
£inal size (sas Table IX),

ALy 06 A ST SO S P N T o T e 2 o~ Lo

All *olled plates with ths exgeption of C-2 gnd D-1 orack-
od, not during quenchin: wut durdne cooling to room tamperatuds,

Table VIII osntalns the data of the hest~trastmant, inolude
ing thes brinnll and solerossops havdness of the vavicus plates.
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1Y%, Migro-stzusturs,

Bpecimens wore out f£rom the rolled piatea (in heat-trsated
condition. The rollsd plates, distorSed durin: rolling would
be azpected to vary in strusture to some extant,

In figurss 44 and 45 (Plate XIV) ars portraysd séruotures
charasteristio of tha gsrburised zone and ths cors vaspeatively
of the rolled platss after haat-treatzent,

The siructura of the unrolled plates aiisy hsat-trentnent
wog vary similar fo thut dépioted inm figuvs 03 Plate IX with
the sxgeption of 05, D5, B+2, snd B-§, which showad tha pres-
anoe of comentite network after quenching. Tha formsr two were
no doudbt due to the axtranaly heavy snd concentrated cavburized
zone, 4 much higher temparaturs than was uged would have bsen
required but the possiMility of urasking praventsd its applica~
tion, . ‘

The fallure of the gementita £o diffuse in plates E-3 and
E-€ in spite of thelr short period of sarburization, may have
bsen caused by the greater degrea of fibesrization in theas
zore ssverely worked plates, Thsse 8 plates wers givsn g noy-
malieing treatment, conslisting; of haeating? to 935° 0 and alr
gooling, Following the normalizing, ths regulay hsat-treat~
ment; nsmely o double gquench and draw, {850°, 775°, aud £00° )
was applied.

- - L. B T T L e it
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The r0lled plates showad a complets abssncs of semgntite.
This was 1o doubt due to the high tsuparaturs o which thsga
playe wers subjentad for rolling and the ailr oooling which fol~
lowed (during snd after rollinz)., The heatingz and cooling o
doubt matarially senisted in braakin;; up and absorving the nst-
work of oementite,

Final preparation,

In ords? to sliminate dofagtive portions, pisieg wers ocut
into seations 13% x 18R or as near this slze as podsible; by
the uss of an asstylena $oroh, A1l rourh sdges wersa then
ground,

The byittle condition of tha 2d4zss dus to the high tem~
paraturs of {the agstylens torah and ihn subgsquont air cooling,
required o temparing for a seoond 4ime ab a tempsraturs of
2376° 0, for tha pu*poss of removing straing whioh nmight be
iares.ent d:s to the abave gonditions,

Conolusionst -

Crasks agppeared in the mmllsd plates only, ne frasturss
bein; visiblz on ths unvolled platss, This wasn pi‘obably dua
to strain iines heiny seot up in rolling nsav fhe f£inishing
tenperature,

=
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The plates wars marked on the back only. The pass harden~
6d eids was kept fxas of all murking. Merks other than ¥*whita-
padnt® marks are $o ba disragarded. The plates bors tha follow-
ing marking in tha mammer shown,
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Table IX contsins the final dimensions of the plates as
shipped,
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Fig, 1. x BOO

Platse I,

Spacimen N2, 3 Q. Quenched

from 776° 0 in watey

x 500
Speoimen No, 5§ Q. Qusanshad from
775° O ia oil.

All spepimens atohed in

Fig, 2,
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Fig. 8, x 800,
Specimea Ho, 3.

pared at 150° C,
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yigo 40 X 5004

Epasimen No. 5.
778° @ 4n o),

. L4

Quanched
from 775% € in water,
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Quenchad from
Tempared 200¢ Q,

2 % nitrso sa1q 1y aloohol,
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Plate IIL

Y-~

Fig. & x 50O Fig. 6 z 500

S8peolien # 10 g Gpaoimen # 11 ‘

Quonohed from 880°0 in water Quénchsd from 85070 in water
Tetmaved ot 160°C

x 500

Fig, 7 x 500 Fig. 8
Spacimen 9 Q Speaimen # 9
Quenchsd from 850°C in oil Quanohsd from 850°C in oil
Tempoxad at 16090

" All spscimens etohed in 3% ni$ric aoid in aloohold.
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Plata III,
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Fig, 0. x 50O Fig., 10, =X 50O
Specimen Wo. 18 Q: Quenchsd Bpssimen No, 18, Quenghsd fronm
from 985° 0 in waber 5305: g in water, Tempsred at

Fig, 11, x £00, Figo 1d. x 500,
Epeciuen Ho, 15 Q. Quenghsd fpedinen No. 15, Qusnched fron
from 925 ° ¢ in oil, . ggg: g in 0dl, TMenparad at

v )

A1l speoimens stohed 4n B % nitrioc aold in alcohol.
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Platas IV,

Flg. 1%, x B0O, Fig, 14, x 500,
Speoiman Ho. 51, Quanohsd Specimen No, 45, Quenchad from
from 775° ¢ in water., Tem- 7752 € in water, Tempered st
pared at 150° C, . 335° 0,

¥ig., 16, x 500,
Ipacinen Ko, 51 §. Quanched
Tram 776° O in water.

A11 spscimens etched in 2 % nitric acid in sloohol,
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Plate V.

B

Fig. 18, =x §00, Fig. 17, =x 500,
Speoiman Ho. B2 Q, Spaciman No. 53 Qa.
Qusnghed from 775° O in oil,

Fig. 18, X B500.
Speoimen No, 54, Quenched from 775° ¢
in oil. Tempsrsd at 150° O,
Al)l specimensg etohed in 8 ¢ nitric aold in aloohod.,
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Fig, 18, x E0O, :
Bpeoimaen Ho, 36 Q. OQuenchad fpacimen No, 38, Quanched from
from 855° 0 in waksr, 860° G in wzter, Temparsd st
150° ¢,
]

Fig. 8l. =x 800, Fig. 83. x 500,
Specimen No. 33 Q. Quenohad Spasimen No. 31, Quenched from
g from 850° O 4n oil, gggg g in oil, Tempersd at

%11 speoimens etohed in 3 % ndtric soid in aloobol,
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Figq BSO X 500. Fig. 344 x 500‘

Spasocimen No., 37 Q. Quenchsd Spegimen Ho, 36, Quenched from

from 835° C in water. 935: g in waber. Teupsorad ab
335° C.

Fig., 85, x 5BOD, Fig, 88, x &0,
Bpsoimen Ho., ©35-0, Quenohed 8poavimen No, 28, Quenchad from
from 936° 0 in oll, ‘35: g in oil. Tnaeperaed at

0° 0,

All apecimens atohed in 3 % nitrio asid in alsohol,

-



Plate VIII.
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Fig. 87, X 500. Fig. 38, % 500,
Speoinmen No. 47 Q. Quenchad Spacinmen No. 48. Quenchad Lrom
from 7756° C in water. Requenched 775% 0 in water, Rejguenched
from 776° C in water, from 776° € in water, Tempared
at 150° Q.
' 7
, 1
, i
: ¥
. |
ke A OO = A e =m0, = M - oad l
Fig, 88, x %00 Fig, 20. x E0OO,
Specinen No, 49 Q. Quenched fpeoimen Ho, 50, Quenched from
from 775° C in oil, Requenched  775% 0 in oil., Reguenshed fzom
from 775% 0 in oll, g?g: g in oil., Temperad at
. 8 .
All gpecimensa stohed in 8 ¢ nitrio acid in slsohol,
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Plate IX,

Requencghed from

Quenchad from
Tempared at

% BOO,
Spacimen No. 40.
7789 ¢ in watar,

Fig., &8,
Requenched 850° 0 in water,

% 500,
Quenched

Specimen Ho, 41 Q,
from 850° O in water.

from 775° O in water,

Fig., 31,

AUV L T ferp T
LR A

Queonohad from
Requenched from
Tampered at 150¢ O,

x 500,

850° G in oil.
750 0 in oil,

Spec imuan HO v 33
All specimens etohed in 3 % nitris acid in aloshoi,

Fig. KT

Requenchad fiom

x B0O,
Ho. 28 Q. Quenshed from

8850° € in oil,
776° G in oil,

Fig. &3.
Speocinan
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Plats X!
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Tansarad

Gusnohed fron
RO9quenahad

% 500,
imon ¥o. 28.
from 775¢ € in Zater.

955° ¢ An wabar.
at 300° g,

Fig, 28,

Quenghad from Spag

Rezuenshd from

800.

x
Speai=san Ho, 32 Q.

335° ¢ in wateXx.
775 0 in water,

Figo 35&
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Figo 39, x 500‘ Figi 400 x 500.

Specimen Yo. 24 (sors), Repra- Speainen Ho, 30, (cors). Repra-

gantative of emulsifisd marter- gentative of martensits (nssdle

oite in the non-carburized areas. structurs) in {the non-garburized
areas.

F’-g; 41. x 5‘00.
Spaoimen ¥o, 54, (cors). Reprassntative of
. psarlite, sorblts, troootite and ferrite in
the non-ocarburized areas,
All spacimens stohed in 3 % nitris asid.
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Pl&te X11.
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Depth of case in millimeters.

RATE OF PENETRATION

CURVE °C* 07+ PLATE
CURVE “D° 0.6+ PLATE

LARNVE "
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s
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e 2z Cornpasitiorn:-
ard Plate A - B
w\\ \ c 046 045
NMn LO5 1.22
B e P 0013 0016
J K3 0015 0017
ps Si oL5 0.20
Y Ce .02 001
VA N L79 L78
v 020 022
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Tirme in hours
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v matqum.
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Fig, 48. s B00,
Structurs in armor plates of lot ¢ D T after
carburi zing but Yefore haat-treatment.
g i
Fig. 43. x 200,
mceptional structurs in arxor plates of lot
0 D F after ocarburizstion tut bafores heat trsatmant,
3 All specimena eiched in 2 % nitric soid in aloohol,
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Plate ;%IV-
3&

ﬂg. 44, x 800,
8tructure in osarburizsd zone of rolled armor plates
of lot 0 D ¥ after haat treatment.

oA

Fig. 46, x G500,
S4ruature in oore of rollad armor plates of lok
0 D E after heat trsatmant,

ALl speoimena etchad in 3 % nitrio sold in aloohold,
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