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\ 
ABSTRACT -It). 

Matallurgleal esaainatlon of two T23 oast turrets indicates 
'both were temper embrittled to approximately the same degree. 
In addition, turret No, 5 vat further embrittled as a result of 
Incomplete quench hardening, which, In conjunction with the 
temper embrlttlementt was sufficient to cause rejection of the 
easting because of the displacement of fragments from the hack 
during partial penetration of "^iPC M62 projectiles, Torret 
No. B6, despite Its temper embrlttlement, still possessed suffi- 
cient ductility to meet the requirement of Speelfieatlon 
AXS.lt92~U. Impact tests show that turret No. B6 possesses 
approximately twice the iapaot energy of turret No, 3, loth at 
room and reduced temperatures. Water quenching from the tamper- 
ing temperature should prerent tne temper embrlttlement of cast- 
ings of the composition and section thicknesses of the subject 
turrets. v 

1. Reference basic communication - APG U70.5/60g(r), Vtn U70.5/8U33(r), 
l6 September 19UU, a metallurgical examination las ^»cn completed upon samples 
from two T23 cast turrets produced by the Continental Foundry and Machine Co.| 
turret No, 5, heat No. 1136, «nppllad by the Sast Chicago Plant, and turret 
No. B6, heat. No. 2250, supplied by the Wheeling Plant, 

2, Ballistic tests were performed upon the subject turrets to obtain 
engineering Information on the Medium Tank T.23 Cast Torrst, Drawing No. 
D705U366. The firing testa were conducted in accordance with Specification 
AZS-USSJl and are reported la Armor Test Report AD-699 by the Ordnance Reaaaroh 
Canter, It was concluded that turret No. B6 IS acceptable wider Specification 
AXS-U92J+ and turret No, 3 is unacceptable due to fragments being displaced 
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fro« the tadc tqpoa partial p«i«tratlon (inay orlterloa) of 3" JffC M62 
proJ»ettl«fl la the rl^xt tide of th« turret. Turret Mo. 5 al" dlepleyed 
»ore oraoklng and aore fra^aentt dleplaoed froa the hack durlag the oourte 
of the balllstle teat« than did turret Ho. B6. 

3«  Metallurgieal exealaatlea of the eubaitted taaplee leads to the 
follovlag obterratlone end eoneluelonet 

1. Both turret« exhibit a 15-20 ft.lh. deereeae la li^>aot energjr 
(«hen tested at JW.) resultlag froa tenper eabrittlament. 

h. In addition to the ahore« turret lo. 3 haa heen Ineoatpletely 
Qaeaeh hardened. The loaa In tq»aot enerflr resultlag froa the eoablnatioa 
of poor qaeneh hardening and taoper «nhrlttl«aent «aa aoffiolaat to cauao 
brittle behaTlor daring balllatie testing. 

o. Water qnenohing after tendering should be capable of prerentlng 
teaper «mbrittleaent of eaatlnga of the oo^poaltlon and aeotlon thlokneaa of 
the subject turrets. 

d. Adequate heat treatment to prevent embrittling ftne either to 
Irooaplete hardening or slov cooling after tanperlng ahould permit the attaiiw 
meat of higher hardnesses combined with sufficient ductility to possess adequate 
shock resistance and Inez-eased resistance to penetration« 

U.  The samples submitted for examination consisted of one section froa 
each turret* approximately 10' x 15" x 2&" in else presumably out froa the 
side vails after ballistic testing. The following testa were eonduoted upon 
the seotiosat 

A. Chemical analysis. 

b. Fracture test« 

c. Brinell hardness across the section. x'--_.-"■ 

d. Nacroetch test. 

a. V.notch Charpy impaat teata. ■ 

f. Reheat treatment to improve impact propertlsa. 

£, Jominy hardenabllity, 

h. Nloroaeopio examination. 

Accession For 
mis    GRW.l 
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5. The results of the metallurgical examination are aa follows:      i/Cty 
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£• Oh«mlc*l analriit. The analyst» of th« tve turrtt» are as 
follove: t^ü^: 

 • 

_£. Jh Si __§ r_ Jti Ji Jz ja. y:y':<- 
garret Ho. 5 v*vv\ 
Reported Tjy Co«pany  .32 1.^5 .^ .036 .OUQ   .55 .£3 »^  - '.> v->v- 
Watertow Arsenal   .32 l.W .^7 .025 .<A5 .64 .60 .39 .03 .;><>:>; 

T üHrrret Ho. B6 .. .-•, 
Beported by Company  .30 1.26 .2? .028 .DM) .60 .57 M     ~ 
Watertoim Arsenal   .32 1,36 .31* .029 .038 ,72 .60 M   .02 

Both steels vere also checked for boron and vanadium, bat 
neither element was found In sufficient quantity to indleate deliberate r_--- 
additlon as alloying or deoxldlulxM? agents. The steel for both turrets U,-.* 
«as produced In acid open hearth furnaces, and contain the hifh sulfur and 
phosphorus contents associated with the acid practice. 

Acid furnace steels generally contain between two and three 
times as araeh eulfor and phosphorus as basic furnace eteele, and have fr^.        w—v^ 
quently been found to posRes« poorer soundness eharaoterlstios» lover impact       *-  : 
energy levels» and greater sueceptlbillty to temper embrittlement as compared 
to basic furnace steels of similar composition,^ 

J>» fracture teat. 3oth samples were notched in at the middle 
of the longer aides and were fractured under the impact blow of a steam „w—j-. 
hammer. The fractured surface of the sample from turret No. 5 contained '- . v 
small, uniformly distributed patches of crystallinity ooverins approximately ■">""■■•!- 
one half of the entire surface, with the remainder being fibrous; while that '/-X'.-'v 
of turret No. B6 contained similar crystalline patches over approximately one ■'>'>;•!- 
(joarter of its area. "/""--;" 

0. Hardness surveys. After the fracture test blocks were broken,       u-  * 
a 1^" thick section, parallel to and spproximately 2" from the fractured 
surface, was cut from one half of each block. The surfaces were ground, and 
Brlnell hardness impressions wore made every half inch apart from one surface 
to the other. The results follow: 

1, Watertowa Arsenal Laboratory Meaorandnm Report Ho. ViL 710/f95(e) - 
'Metallurgical Xxamlnatlon of 10" Cast Homogeneous Armor Manufactured by 
General Steel Castings Corp. and 6' Oast Homogsneous Armor Manufactured 
by union Steel Castings Co.', 31 Aogast 19U4. A. Harlich. Discussion on 
pac-es 7-9. 
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B Brlnell Bat^nen Sarrey aeroaa the Section 

 Tarret »o. 'S     Turret Kp. 16   

2U8 21«. 

2^1 229 

2Ul 223 

2J+1 229 

2^1  2Ul 
Arerage - 2U2 BHH Average - 233 BHN 

Heported by Mfgr. - 235/255 ^   Reported by Mfgr. - 241/248 BHH 

The hardnesaes of both turrete are considered average for 
production cast armor in the section thicknesses involved. 

d. Macroetch teet. The hot acid etched stroctureg of both 
turrete are similar, showing fairly extensive V-type solidification shrink- 
age generally confined to the middle third of the sections. The steel 
quality as evidenced by maeroetohlng is considered average for the subject 
castings. 

e. Charpy impact tests. 7-notch Charpy Impact speelmens were 
machined from the sections prepared for hardness eurveys» being taken from 
regions halfwny between the centers and the surfaces of the eastings. Dupli- 
cate specimens were tested at temperatures of /700I. and JW)0f. with the 
I'eiults recorded in the following table. 
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Well heat treated oait armor, of the taae hardnesc at the subject 
Material, produced in acid opea hearth furnace« generally derelop« an lapaet 
energy lying between k3 and 60 ft.lbs. when tested at /TO^.i which decreases 
possibly 5 to 10 ft.lbs. whan tested at .)t0oF. The impact properties of turret 
#B6 are somewhat low both at room temperature and at J«)0!,, while those of 
turret #5 are decidedly inferior. 

The reduction la the impact energy lorels of turret #5 at room 
temperature and of both turrets at -Jt00r. is due to Incoaplete transformation 
to martensite or a low temperature balnite upon quenching, to temper embrittle- 
mentt or to a combination of the two. 

In order to ascertain to what extent tenper enbrittlement was a 
factor in lowering the impact properties, Vx3"x3/U" thick sections from both 
turrets were retempered at 1175°'. for one hour and water foenched. This 
tearoerature was selected because It is above the solution temperature of the 
precipitate responsible for temper enbrittlement, but below the actual tempering 
temperature employed by the manufacturer, hence no reduction in hardness should 
result from this treatment, T-notoh Charpy impact specimens were machined from 
positions comparable to the original test locations and broken at a temperature 
of IM)«?, Rockwell C hardness surveys made of the broken Jmpact bars indicated 
no change in hardness from the original values. Prom the data «ontalned in the 
foregoing table, It is apparent that the water quenching after reteapering 
approximately doubles the Impact energy of both turrets when tested at -Uooi". 
In both cases, water quenching after retemperlng returned the intact energy to 
the same level at -lK)oy. which the steel originally displayed at room temperature. 

Although the CAa-2 forms ir-dicate that the manufacturer had water 
quenched both turrets after the tempering treatment, the results of the re- 
temperlng experiments conducted at this arsenal indicate that the manufacturer's 
treatment was ineffective in prerentiag temper embrittlement. in impact energy 
of 45 ft.lbs. at «140°?. after retemperlng and water qaenchlnc indicates that 
turret No. B6 has been adequately quench hardened, whereas turret Ho. 5, which 
has an impact energy at -W*. of only 27 ft.lbs. after the elimination of temper 
brHtleness, has evidently been Incompletely quench hardened, ^hus, the entire 
reduction of approximately 20 "ft.lbs. in Impact energy of turret No, B6 whan 
tested at -lK)0P. in the as-receiTed condition is traceable to temper embrlttla- 
ment, while turret Ho. 5 lost epproxliiately 15 ft.lbs. through temper «brittl»- 
ment and an equal amount as a result of inadequate quench hanlenlng. 

The inferior shook properties of turret No. 5 as reflected in the 
Charpy impact tests correlate with the results of the ballistic tests. The 
displacement of fragsents from the backs of partial penetrations indicates 
excassiTs brittlaness and is rery Justly considered sufficient reason for re- 
jection of armor. 

-6- 



f. HardanaMlUy d»t>n»iaation. Standard Joalny bardmabllity bars 
war» •nd-toanchad aftar auitanltiaatlon at 1575°'. for 3 houri. Th» rasultant 
hardn«ii eorrti ara plottad Im figun 1. Tha hardenabllitr of both haati la       L:----r'";'r" 
eoatldarad adaqoata to fully faaaoh out th» haarlatt a»etioa oeoorring In th» 
T-23 turret. Wator quonching for a »ufflciant l»agth of tla» to bring th» 
taq3»ratur» of th» castiag balow 30O-'l00oI.t air cooling, th«B tvq>»rlag to 
attain th» d»iir«d hardn»it» foll»v»d by a watar quanoh to r»Auaa th» t»np»ra- 
tura balow l«X)or. should d»T»lop th» optiaoa prop»rtl»s without difficulty.        ^-''li2 

&•   Mierogoooie »xwiinatio». Th» miorostruotur» of both turrsti 
consists of relatiToly uniforaly distribat»d spheroidal earbidas in farrit». 
Mo gross fsrrit» araas ara pr»s»nt In »ith»r st»»l. It is iapossibl» to 
ascertain fron the aicrostructure of the tempered aatsrial whether the quenching 
had resulted in the formation of aartensite or martensite and bainite aggragatea. 
The impact properties are» howarer, satisfactory criteria of the degree of • 
quench hardening. On the basis of the impact tests* turret Vo# B6 appears to 
hare been fully hardened and turret Ho. 3 incompletely hardened, 

6.  General Oonsideratioas. The results of the metallurgieal examination 
of the subject eastings indicate that both turrets hare bean temper «mbrittl»d 
by Insufficiently rapid cooling from the tempering temperature, la addition,       f  9 
turret Ho. 3 ha* al«o heen inadequately quench hard«n»d, Th» loas in impact        ^ ' . 
energy resulting from the combination of poor quench hardening and temper 
brittleness reduced the shock resistance of turret Ho. 5 to a dagr»» that th» 
casting was rejectable on the basis of brittleness exhibited during ballistic 
testing. 

Temper embrittlement was rvsponaible for a decrease in I ^«.et energy 
at -llO0!. of 15-20 ft.lbs. in both turrets. Thls'embrittlemeat oould hare been 
avoided by drastic water quenching .rrom the tempering temperat.^e. 

Proper heat treatment to Tirerent embrittlement due either to liv- '-^-^ 
collate quench hardening or to slow cooling after tempering should permit the * '[1i 
attainment of hl^ier bardnessep, which would result In inorsased resistance to 
penetration combined with adeqiate shock resistance. 

a ^^ ^ 
A. Hurlich • 

iPPBDTJDi Assoc. Metallurgist 

1. L. BUD 
leseareh Metallurgist 
Acting Chief of Araor Section .1 

w. ,• 
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