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Metallurgical i:xalnination of 2 11 Oast Armor Manufactured by 

,9ont1nental i'oundry and Ma.chine Compapay 

ABSTRACT 

Thie report covera the investigation of 2:r' cast armor 
(24 plates) of varying hardnesses :from 217 to 315 Brinall sub­
llli tted under Office, Chief of Ordnance - Detroit Project 1113. 
The plates were reaaonably sound, but tho •e above 21.to Brinell 
in hardneu exhibited low impact atrength and crystallini ty in 
the fibre fracture teat. Testa indicated that temper embri ttl• 
men t was involved to a emall degree. ll:l:perimen ta on amall specimens, 
however, indicated that the steel would not respond to an ideal 
heat treatment to yield sat11!actory impact properties because of 
some undetermined Ate9l deficiency. 

1. .A.a requested in a letter from the Ordnance Research Cent er, 
Aberdeen dated 3 June 1944 {.APG 470.5/6533, Wtn 470.5/9171(r)), a 
metallurgical examination ha.1 been completed on twent7-four (24) aamplea 
of 2 inch thick cast armor manufactured by Continental loundr7 and 
Machine Company. The plates were cast from three heats of 1teel and 
were similarly heat tr eated except for the final temperin& temperature, 
which wa1 varied to produce Brinell hardnesses over the range 220 to 
315 Brinell. The plate, were teated ballistically to determine the 
optimum hardness level for cast armor of this thickneu. 

2. The samples had been essentially completely quench hardened 
and developed essentially fibrous fractures at hardnesse• U¼) to 2~ 
Brin ell. Above 24o Brin ell oon siderable f!r·yetallini ty waa seen which to 
a ams.11 degree has been shown to be due to tS11per 811lbrittlement. Hovever, 
experiments on amall apecimena indicated that the steel has aome inherent 
deficiency which prevents a normal response to heat treatment and the 
development of satisfactory impact properties. 
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3. The metallurgical examination consisted of t he following t est,, 

.!· :Brin ell hardness surveys . 

.£_. Fibre fracture test, on all samples as rec eived. 

£· Fracture tests of selected plates aft er retemp eri ng and 
reh ea t tr t38. ting. 

.!.· 

V-notch Ch.ar1,y i mpact teBts o! sel ect ed µl ate s in t he 
a• received condition , aner retempering followed by 
water quenchin~ , and a fter reheat t r eating. 

Microscopic exa.oination of select ed p lates • 

4. The reeulte of t h e metallurgical examinntion are as follows: 

!· Chemical anal_rsee. The chemical compositions of t h e thre f: 
h eats, as reported on t he CA~ 2 forms, are aa !ollows,c 

CH.r.J.U S'.i':RY 

Heat -9.... ~ -21 s L_ Ni Cr ~ - -67g7 .31 1-33 .41 .036 .043 .65 .79 • 41 

6777 .33 1.31 • 44 .034 . 042 .66 .69 .38 
6571 .JO 1.39 .39 .039 .0,38 .56 .67 .41 

.£_. l3rinell hardness . live equally apaoed Brinell read.inge were 
taken across t l:e t hickn e s s of each plat e . Tne hardnasa ea through the 
section s w,~ r e uniform in all plates and, th~re!ore, only t he range and 
avera&e r.a.rdn ess are r ecorded. (See Table 1.) 

£• Fibre fracture tests. The samples were · notch ed such t hat 
t he unnotched area was 2 11%1 (thickness) and broken i.mder t r.e impact of 
t u e head of a forge hammer. The reaul ta are shown in Table I. At 
240 Brinell hardnelB and below, t h e fract ures show only trace, of 
cryatallinity which ar e probabl y associated with segregation effect,. 
Above 24o Brinell t ne percent&€e of crystallin\ty increase, with 
hardness to such a.n extent t ha t all fractures of pla•a. above 250 
Brinell are considered unaa~iafactory. 

It was considered thattemper brittlene~~ might be a 
contributing cause of tt,e poor :fractures observ~d above 24o l3rinell. 
Sa.rnpl es from heat 6777 were retemp ered for 2 hours at ' temp eratures 
designed to cause no chang e in hardn t-i ss M d yet reasonably close to 
t he original temp ering temp ;:, ratures. All sampl e s were wat er quenched 
from t he tempering t emp P.rature. Some improvement in fractures waa 
observed in the sample, a t t he high er hardnesses, but fibroua fractures 
were not obtained, (See Table I.) 

-2-



Three 1ample1 from heat 6571 were reheat treated to 
280 Brinell hardneaa to determine whether the steel of this type 
anal.yd e is 1UsoepUble to temper brittleness and vhother it could be 
heat treated to fracture in a :tibrous manner at this bardne• a level. 
The i'ollovill8 results were obtained. 

Sample Brinell 
Numbe£ He&! Tr!!tment • Fracture Hardne11 

6571-9 1675°1 - 3 hra. - w. Q,. ll65°r - 4 hra. - W.Q.. re 1/S 285 
b57l-l0 1675°1 - 3 hra. - W.Q. 1165°:r - 4 hr 8. - A.C. le 1/3 2'J3 
6571-D. 1675°1 - 3 hra. - W.Q,. ll65°F - 4 hrs. - 1.C. lo J/~ 277 

w. Q,. - Wat er quenched oold. A.O. - Air oool to room teD1perature 
1. C. - Furnace cool to below 30001. 

Theae resul ta indicate that the steel is definitely susceptible to temper 
brittleness. The re1Ulta alao indicate that it ii not pos• i -ble to heat 
treat this steel in auch a msnner aa to obtain a completely fibrou1 
traoture at 280 Brinell hardness in the 2 inch thick section. ractor• 
other than temper e:nbrittlement are involTed in the poor fracture• on thi • 
material a• receiTed and after reheat treatment • 

.9:• V-notch Obarpz Impaot Test1. The re1Ulta of Charpy iapact 
te1t1 conducted on seleoted •amplea are shown in Table II. There wa• an 
apparent improTement in the 111paot 1trangth of plate 6777-7 achieved b7 
retamper1ng and water quenching to eliainate temper brittlene11. HoVffer, 
the effect waa negligible on the impact propertie• at the -lfo0 1 teating 
temperature, and it, is concluded therefore, that th.e i degree of temper 
embrittlemant in the plate• a• reoeiTed vaa lll&ll. At the lower hardneH 
level• (230 :Srinell) there vas no improvemen\ affected by water quenching 
from the temper, and the impact propertie•, 1n all ca1e1, are not aatie­
taotoey both with respect to the energy level a• a tuilotion of hardne11 
and t he change in energy abaorpUon vi th ' teeti~ tamp-krature. 

It has bean obsened in the pa1t that some of the higher n 
alloy arinor ateell tend to retain au1teni te upon quen.ching which •ub1eq11entl7 
aa,y tranatorm upon tempering to impair the impaot pl'O'lertie• • Conaequenti,, 
one of the aaaplea (6777-9) wa1 heat treated in 111al\J1ection1, using a 
cold temperature treatment after the quench to oomplei e the tran• formation 
of any retained au1tenite. The heat treatment appll,e\l and the reaulting 
impact properti ea are aa follow•: 

Tseraturg Time .. . ~Ech 
Auateni the 1675°r 3 hrs. Water to room temp erature , 

dry ice - alcohol to -110°1. 

Temp er 1225°1 4 hrs. Water 
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Ch~;i: l~act Results 

6s 0 r _4oo1 
Ft. Lb o . Fr acture Rockwell C Ft. Lbs. Fracture Roc.lcwell C 

48.5 r 24.o 43.0 Cbf 1/4• 24.5 
43. 0 F 24.o 31.5 Cb! l/2 24.o 

•r - fibrous , Cbf - bright cryatall1ne paten aurrounded by a fibrous 
border. Frac\ion refere to fractional area t hr~t is cryatalline. 

The~e reaults indicate t hat, even in ar:1811 s ections, this steel cannot 
be heu.t treated to yield satisfactory impact properti ea. The en ergies 
absorb :=! d at -4o°F are low, and the chant;e in energy absorbed with t he 
reduction in t esting temp erature is exoeasive. The traoturea of the 
bars broken at -4o0 J' are poor. In this exp eriment complete quench 
hardening was obtained; a treatman t waa applied to tranaform any auoteni te 
retained upon quenching and t he caall specimen• were pter quenched trom 
a temp ering temp erature sufficl ently high that 1 t is pertain that ifllll)er. 
brittleness is net involved. It is, therefore, oonol~ed. that the ateel 
exhibit a an inherent brittlenesa vhich preTents the development of the 
desired impact properties • 

.!• Microacopid examinati on. Sample• 6777-2, 5, 7, 9, 6571-10, 
and 6787-10 vere selected for examination. No undelirabl.T poor d1atri- " 
bution• of nonmetallic inol11sion1 vere observed in any of the apecimena. 
The inclueione were randoaly distributed globular oxide• and aulphidee. 
The microdruotures at t he center of tour plate• are ahown in 11gu.re 1. 
A •mall amount of f errite w.1 obaerTed in plate 5. The presence of high 
temp erature tranatorma tion products wae not exteneiTe in any of the 
specimens. 

5. These plate fractures showed con liderable crystall1n1 ty at 
hardneeeea above 24o Brinell. Teet a have indicated that temper embrittle­
ment m&T haTe been involved to a •mall degree. However, e:xperimant • on 
small specimens indicated that t he et eel i a inherently poor and doe• not 
r espond to an ideal heat treatment to yield aatilfaatory impact 
proper ti el. 
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Sample 
No, 

6787-3 
-4 
-5 
-7 
_g 

-9 
-10 
-11 

6777-2 
-4 
-5 
-6 

-7 
-8 

-9 
-10 

6571-3 

-5 

h571-6 

-7 
_g 

-9 
-10 

-11 

TABLE I 

Croat Section Hard.nesses and Fracture Test Resitlt s 

Ranr-:e 
BHN 

248-255 
248-255 

293-302 
285 

235 

229 
229 

293-302 

~35-21+1 
241 

302-311 

293-302 

302 
311-321 

212-217 

229 

277 

269 

269-277 
235-241 

302-311 

235 
217-223 

217 

Ave. 
BHN 

253 
252 
29e 
2s5 
2g5 

229 

229 
294 

240 
241 

307 

29g 

302 
315 
216 

229 

285 
269 

272 

239 

307 

235 
222 

217 

As Received 

Fe 1/8 
Fe 1/4 
P'c 3/4 

P'c 3/4 

J'c 3/4 
P'c trace 

re 1/8 

Fe 1/2 

re 1/8 
le trace 

l'c 1/2 

:re 1/2 

J'c 1/2 
re 1/2 

:re trace 

Jc trace 

J'c 3/4 
Fe 1/2 

re 1/2 

re trace 

'J'c 1/2 

J'c trace 

J'c trace 

Fe 1/8 

Rctemn ered and Water 
Q.µenched from TempP.r 

le trace 
Fe trace 

Fe 1/8 

Fe 1/3 

Fe 1/4 
Fe 1/8 

le trace 

Fe t race 

•re - Mixed - fibrous mntrix ~1th 1pot1 of crystallinity. 
lrgction refer, to t he B.lllount of crystallinity. 

Pe trace - essentially fibrous. Trace of crystallinity 
probably caused by Regregat1on effects. 



'l'ABL:S: II 

V-not.oh CharpY Impact Reeult1 

Results ~t 68°1 RelUlh at -40°1 
P~t• N~ 1 Cond&t12n 1t1 Lbe 1 J'r§icture Re Yt 1 t'6a 1 Yractur! § 

6n1-2 A1 reoeiTed 53.0 I' 21 J4.o Jc 1/8•• 20 

" • 44.o r 20 50.5 re tr&ee 21 

" Retempered• 50.0 J 22 39.5 re 1/8 20 

• " 49.0 , 22 4o.o 1c 1/8 21 

6777.10 A.a rece:i.Yed 32,.0 Jo trace 21 39.0 re 1/4 19 
• " 41.5 Jc trace 17 35.5 ro 1/4 19 

• Retempered 48.0 , 21 44.o re l/4 20 

• " 52.5 1 20 34.5 le l/3 20 

6777-7 Ae rece1Yed 20.0 Fe 1/3 31 21.5 Jc 1/2 31 
I " 25.5 Jc 1/4 31 17.0 re J/4 31 
II Retapered 36.0 Pc trace 30 21.:3 .. Jo 1/2 30 
I " 37.5 lo trace 30 18.0 Jc 1/2 30 

· •The retempered 1pecimen1 vere reheated for 2 houra at temperature, of 
1200°1, 1220°7, and 1165°1, !or plate• 2, 10, and 7 re1pectiYel7 and 
all were water quenched from the tempering taperature. 

••Jc - Mixed - !ibrou1 matrix vith 1pot1 o! e171tallinit7. 
Jr~ction refers to the ar.iount of cry1tallinit7. 



Microatructure of 2" Platea Manufactut'ed by 

Continental Joun.dry and Machine Compar17 

XlOOO 
Plate 6777-2. 
at 24o mm. 

-

Picral 
'1'emp8red marteneite 

- • • • 

Xl.000 
Plate 6777-9. 
at 216 BBi. 

• • • 
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