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WATETOWI AR SERAL UBORATORY 

MiMORANDtlC RJ:PORT NO. WAL 110{.; 
)t 

Partial Raport on Probl• lo. B4. 6 

r·~y # .J(.V 

2D Ootobor 1943 G 
Metallurgical lumination ot S.otiona trom 

Two Ca,t Amor 11nal Drh• Hou1iy1 

1. With refermce to the reque1t contained in letter 
AlG 470 .5/543 - Wtn 470.5/6795(r). al metallurgical GainaUon ha1 
bean oompleted on a final drive hou11ng, Pattern 53579, Serial l, 
-.de b,- the Gener&l Steel Caatings Corporl\tion and Pattern Pl86, 
Serial 28, made by the .Aaerican Steel J'oUDdrl••• The ballht1o re
eulta were reported in APG Reporte AD-~7 and AD-S02 reapecUn~. ... 

2. ~• effect• observed in the ballistic teat of the Gtlneral 
casting are belined to be repreeentatiTe ot good qualit7 out &r110r. 
A low ··.·.emperature ehoak: tHt, however I would probabl7 1bov up a 
brittle tanden07 in thi1 ca,ting, eince the 1teel •• not 0011pletel7 
fibrous in the fr~tUl"e test. 'l'he eauae of thi1 oon41tian ii ln
aomplete hardening upon quenching "because the eteel baa 1n1Uff1oimt 
hard.en.ability !or the 1ect1cm 111• heat treated. 

J. leruts of th8 balli1tic teeta eondncted on the ca1t1nc aa4e 
by the .American Steel loundries were not available, bu\ the • etal
lurgioal te1t1 indicate that the oa•t~ would not exhibit eptbnm 
bal.11 a tic performance. The 1teel wa1 heat treated to a rathu low 
h&rdne11 (200 to 210 Brinell) at which the balli,tio ef1'ioiena7 a\ 
high obliquities 1a believed to be lower than when heat treated. ,o 
higher hardneuea probably 26o to 300 :Srinell for the thiolcneaeee 
inYOlTed" Poor performance 1a to. be expected again1t the elug teat, 
Hpeciall1 if oona.chd at a low temperature, tor the 1teel •• in
ooapletel1 hardened upon quenching. Th.11 condition ii attribu,ed. t..._ 
the exceedingly lov h&rd&ability e.nd low allo7 oontmt which li..~P.'\ 

'be greater in order to properly heat ireat ateel of to. giYc th1alc
ne11 irrespective of the quanching practice uted . 
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4. R8«ults of the metallurgical examination are as follov1: 

"· Chemicf\l COr..!I)OSition 

An analyei a of the tvo caatings was me.de at thh arunal., 
Md result@ Me compared with that reported on the o.t.~2 form,. (SH 
Tabb I.) 

Caating 

TABLI I 

Chemical Composition 

Analyaed by C Mn Si S P Or Mo 11 ---------
General, Serial l 

General, Serial 1 

A.S . f., Serial 2B 

General Steel 
Watertown Areenal 

Watertown Arsenal 

.33 1.6o .112 .015 .012 .45 .36 -

.30 1.57 .114 .018 .011 .53 .26 · .og 

.25 1.50 .47 .oa, .014 .30 .12 ,raoe 

Thei alloy con tsnt of the .American Steel 1oundr1H ca1Un&, 
Ser~a.l 2!, 1s sxtre~Gly low for this thiclmes• of armor. !he analyli • 
•f the Generr1l Stae: Foundries casting, Serial 1, 18 a \7P1cal Mn-Or-Ila 
et eel of nr.1ch higher alloy content. 

~rods-sectional Brinell h.ardnegs te1t1 vere oon~uoted on 
~ot h castings with the !ollorlng results: 

____ CaatJ_n_g __ 
Gener&l, Serial l 
A.S.F., Serial 2B 

Brinell Rardne11 fal.ua• 
269 269 262 255 262 269 269 
207 212 a'Jl 197 201 212 207 

The .A.mer10An Steel 1oULdr1H caat1~ poeee•• ed an utr•tl.7 ~ 
1011 hardneu vhich 11 probably auocie.ted Yi th incomplete hardmlnc 11pon 
q•1enching. 

c. lf:Sr<!~ab ili tl 

Jo:nln.y end-;nench harden.ability teat• were conducted on 
th~ tlt'O castings, l\IlJ thd results a.re ahown in 11.gare• l and 2. U•lng 
a conversion table,l distances on a Jo~iny bar can be correlated ¥1th 
th.tckncues of pbte quenched in water. On this b&Bi!J the hard41D&b111'7 
cf th.e General caating 1 a su!ficien t to harden pla,e .!I• thiok \o a oore 
h&rd.ne1s o! Rockwell •c• 43 (4oo !r1n~ll) whereas the hardenabilit7 ot 
the American Steel Poundriee casting h onl1 1U.tfio1ct to harden plate 
7 /8 1 th1ak. ·rhe hardenabili ty of the Oaneral ca• tiBc 11 elightl7 le•• 
than th&t neceuary for tu.11 hardeni~ 1n the 2t I thick eection of thi• 
eaet tng. The .American casting po 1seuH Tery lov barden.abi 11 t7 which i I 
!._@fleeted in the low hardneu o! thie ca1U:y. 
l. 1 Harden.ab1l1 ty Conversion•• - Put>l1eat1on of tM Great Late• StNl 

Corporation - 1942. 
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d. lracture Teat 

Seot1ona of the tvo castings were i'r&etured under the forge 
hammer tor the fibre test. Both CAetinga po11eased a mixed fracture, 
halt fibrous - halt cryetalline. Thie eon1tion is ground• for rejection 
under the preeent oast &rmor epeci!ieation, A apecimtn troa the Oc1ral 
ca1Unr. !n.otured under a elov preae waa eompletelT tibro11•• That the 
ste~l ii fibro~l9 under II slow pr~H and mixed (fibrous oryatalline) under 
a for~" ha:!L11,r revenls the importn.nce of an impact blow in fracturing the 
specimens. 'l'he imp Act blov of the forge haamer 11 belined to 1110r1 nearlf 
a11111l&te the conditions of proj~ctile impact at high velocities and ha1 
been found neoe!'lsary to prevent acoeptanoe of armor at low hardnHHI which 
wae not eatiefaotorily quenoh hardened. 

e. Imps.ct Tests 

V-notohed Charpy impact ieete were eond'J.oted on the two 
cast tngs and the reeu.l t e are listed in Table II. 

TABLE 11 

Y-Not.ohed Ch&rpy Impact Taluee 

68°P'. ( 20°c. ~ +14°r. (-10°C, l -4o 0 r. ~-4o•11 l 
Casting P't. -Lbs. P'ract. • 1t.-Lb1. 1r&et. ft.-Lba. lrao\1 

General, Serial l 56.0 J 56.0 ., 29.0 Jo 
54.5 , 43.5 re 41.0 Jo 

A. S.1. , Sr.rial 2B 45.o ., 50.0 Jc 21.5 Ot 
5s.o J 45.o 10 26.o Ot 

•r - 11 brou.1 C - C17ete.lline Jo - lloetly 1 IOal 0. 
re - Mixed rand c. Ot - No at}¥ 0 eome J. 

The room temperature notched bar impact .!'tren«th of the 
Aaerioan Steel roundr1e1 outing wae conaiderably lover than that gceral~ 
attained 1n good quality steel, properly- heat treated to a hardne11 ot 
200 to 210 :Br1nell, the hardneu of thia oa•ting. !he impact properth1 
dropped ot! at -4o 0 r. with a definite c~e to a brittle tn>e ot failure. 
'!'be enera absorption of the General oa1Ung did. not drop ott a, rapidly 
and it, !ractur~ possessed considerable ductility at -~•J. 

!• Maoro~ination 

'l'he u.croetched aeotion1 9%Alllined contained acattered ,egr .. 
gationa of nonmetall1e1 and shrinkage porosity aa aho~ in :rigo.re J. 
2. Spec1fios.t1on AXs-492, Rev. 3., Aaland. 1. f-: :7- -r -11 --:· ·r--- - t~) 
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The eoundnees of the section of the General oe.atinB waa conliderabl7 
s~rperior to that of the American ca1ting. 

K· Microscopio Exainination 

Scattered nonmetallic& were obaerved 1n the unetohed apeci
Dlens of both castings. 

The microstru.cture of the oast1ng11 11 1hown in 11gure J. 
A U1All amount of ferrite wa1 preeent in the omter of the oa1\1ng aad.e 
by the General Steel Castings Corp. Thi • oondiUon oon:Uraa the iapact 
and fracture teat results which predicted that a 111&11 amount ot high 
temperature transformation produot, ware pr11ent. 'l'he Americu catting 
possessed a relatively poor miaroatructure oontainin& a con1iderable 
quan ti tr o! tree ferrite as evidence of i ta incomplete hardening upcm 
quenchtne. 

h• General Conaiderat1on1 

The ballistic propert111 obHned in the General oa1Un, 
are repreaentative of those that 11181' be expected fro• good qualit1 araor 
heat tre&ted to 260 !rinell. A 1nere lhock teat au.oh a1 a low teapera\ure 
s1U8 teat would probably reveal the brittleness in the thioker aeotian1 
of thi • caating which h&d not been 0omple\el7 quenche,!1. ou,. '!he ballilUo 
ruulte reported in A.PG rEfl)Ort ~497 are conlidered to be 1n41oat1Te of 
thoH that would be expected of good quality oaet armor tempered to 
26o Brinell. 

'l'he mE>ri t ot a double wall 1ect101. in the detign ot thh 
oaeting 11 to be questioned. 'l'he liaited balli1tic te• ta illpl.7 that the 
composite has a lower ballistic effioimq than a aolid • eotioa. of -.u,1-
valent thiclmen at the obliquitiH u1ed.-' 1"111 00119oait• tn>• 1eotloa 
might be advantageous againat AP projectilet wherein the outer wall woul.4 
break up the projectile or when the obliquity of fire ia 1ncrea1ed with 
respect to the second V&ll b7 poa1t1on.ing the second wall or b7 4efi•ot1nc 
the projectile with the fir• t wall. ~in1t H.I. proJectile• the ou\er 
wall would be an aid in exploding the charge in a 1cme where 1 t would do 
a minimum of harm. On the other hand, the 'ballhUo et!ioiaa, ot a 
eecond vall which ie relatively thin (1./D 001 8 ratio of le•• thu .~) 
i e much lees than a liailar thicknen incorporated 1n a •incl• thick wall, 
and this latter effect would probabl7 outweicb the prrriou1 oon114erat1on1. 

The Aaerican steel 1oundriea oa1tia« ahibi \ed poor ••ul
lurgical propertin. The fracture wa• not fibrou1, the notched 'bar 
strength at -~ 0 1 wae poor, the bardne11 was low, and a oona14erable 
quantit1 o! high temperature trm11forut1on product, va1 ob1ene4 in the 
mioroatructure. The poor quality 11 attributed to aoo11ple,e hard.Ging 
J. Aberdeen Pro Ting Ground Report AD-498. 
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during the quench a, a consequence of the 1\eel po11e11inc too lo• a 
h&rdenab111ty for the section 111e. The hardenabil1ty should be 
increased. oonsid.erably by increa1ing the alloy content 1n order to attain 
complete traneformat1on to marten11te during the quench. 

.APPROTJD: 

N. A. KA TTHEWS , 
MaJor, Ord. Dept. 

. 
' 

, . 

_j 

P. V. i1tt1n, 
Aast. Metal.lurg11t . 
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