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A lógica.! diviilon of all th* work ao far completed on the 

armor plate inveetlgation may be made a» follow»: 

1. Representative » of Watertown Arsenal and Battel le wade up 

a list of 40 ateel* with which to teat the effect of composition on 

armor plate material. 

2. The firat 19 heat« on the liât were made and proceaaed for 

testing. Ballistic properties were determined at Watertown. 

3. A rather thorough postmortem examination of the 19 returned 

plates was made In an effort to determine whether or not there was any 

correlation between ballistic properties, chemical composition, and 

mechanical properties. 

4. The fourth step conuleted of Baking and processing the re¬ 

mainder of the experimental heat* on the original lint. It was thought 
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n*c*»B*ry to reaake all heats from the first group of steel* because 

of dlrtineso. 3ut sequently one coaposltion was added to the list by 

Watertown and three were added at Battelle, making a total of steels. 

Also, two heats of a manganase~silicon cast Iron were Included. 

The present report has to do with division 4, or the maie log and 

treating of the second group of J) steels and 2 manganese-si11 con cast 

irons. 

The »eltlag practice followed was similar to that described for 

the first 19 heats with the exception that 30 lb. heats were made. One 

plate from each heat was rolled to 3/4 Inch and then machined to 1/2 inch 

In thickness so that the decarburl ted surfaces would be removed. A 

second plate from each heat was rolled to the final 1/2 inch thickness. 

Critical points were determined for all the steels. Dilatoiretrlc 

curves, to. ether with photomicrographs showing the a* rolled structuree, 

are given in Figures 8b to 113, inclusive. Critical points, as related 

to composition, are an own In Table X. 

The machined plates were heated for quenching In a neutral salt 

bath. Hardness values after quenching and drawing are shown in Table XII. 

Soiled plate« from five heats »era heated in air for quenching, 

for the purpose of producing still more décarburisation. The machined 

and rolled plates from the»« five heats were shipped to Watertown on 

November 13* The purpose of tenting this set of plates was to determine 

the effect of a decarburliad surface on the ballistic properties. Heat 

treating data and the results of hardness tests from the rolled plates 

are shown In Table XIII» 

Cleanliness ratings were made according to both the S.A.E. and 

Chevrolet methods. The results are shown In Table XIV. 
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Coupons w»r« queticnod from the tempe Future si designated for the 

corresponding plate# and «xamlntd for undlssolved carbides. The results 

are Included In Table XI. An excessive amount of carbides was found In 

the three very high carbon steels. Further tests showed that a somewhat 

nl|tier temperature causes complete solution, and the three high, carbon 

plate» were quenched from 1/00®F. 

•;he two mangane»»-«11,1 con cast iron plate# were not given any 

neat treatment. 

Twenty-five steel plates and the cart Iron material ■•»are shipped 

to fatertown by express, on November 21. 

experimental WORK 

Preparation of Plates. 

Experimental difficulties encountered In the use of a 15-pound 

ingot for tne 1/2-lnch plat«» »tidied In the first group made It advisable 

to use a larger ingot for the remainder of the armor plate steel a. 

Accordingly, a 50-pound ingot wt*e used In the manufacture of the plates 

included In the second group of steels. 

In order to avoid decarburized surfaces on the finished plates 

the Ingots were forged, cross rolled to width, and then rolled to }lk~lüch 

plate, the surfaces subsequently being machined to final thickness of 

1/2 inch. Duplicate plates In the as rolled condition were prepared from 

excess material and have been held In reserve for any future teste that 

might be advisable. 

The chemical compositions of the steels made in this group of 

plates are shown in Table X. 
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TABLE X. RELATION BETWIIM COMPOSITION AND CRITICAL POINTS 

_ ___CoBPQ»Ul<m_______ 
No. C Mn Si'"* Ni Cr Mo V Cu AC1 Ag} Ar3 Arl 

1?1S .y) 1.07 .30 
1211 .39 -31) .23 
121% .M? .Ql .26 
7279 .9o .93 .29 1.3/1.6 
7280 .3*S .92 .28 1.3/1.6 
7281 .36 1.63 .30 1.3/1-6 
7111 .W> I.58 .20 
7326 .30 .73 • 20 
7327 .35 .(« .26 
7328 .3U .89 -20 
7329 .39 .88 .25 
7330 .½ .«6 .24 
73U0 .46 .34 .29 
7341 .34 .94 1.06 
7342 .46 .77 .25 
7343 .45 ,7q .19 
7344 .46 .75 .20 
739«, .44 1.54 .28 
7397 .34 .83 .26 
7348 .47 1.48 .32 
7349 .46 .81 .24 
7350 ,46 .80 .23 
7351 .46 1 >9 .29 
7352 .44 1.11 1.03 
7353 .^5 .8^ -73 
7354 .45 .88 1.71 
7355 .té .78 1.07 
7356 1.02 .52 1.10 
7357 1.26 1.57 .22 
7360 1.17 .61 1.31 
735« 3*23 10.4 2.85 
7476 2.55 8.0 7.29 

.70/.90 

.70/.90 .20/.30 

.75/.90 .25/.35 
.10/.20 

.90/1.10 
2.3/2.7 
I.3/I.7 •36/•45 
I.3/I.7 .10/.20 

.25/.35 .10/.20 
/ 8e; 

.90/1.10 .35/.45 

.90/1.10 .25/.35 .10/.20 
1.10/1.30 .60/.80 .20/.30 

.20/.30 

.90/1.10 
. )10/.50 
.40/.50 
.40/.50 
.40/.50 

.40/.50 

.18)/.60 

1356 1421 1296 1187 
1364 i486 1409 1274 
1357 143« 1330 1235 
1354 1434 1239 1193 
1350 l^u 877 607 
1324 1442 728 567 
1347 1495 1278 1163 
13I8 1497 138O 1286 
1440 1495 1359 131.8 
1398 i486 874 672 
1428 1498 1366 1309 
1367 1455 1347 1216 
1358 1446 1322 1191 
1421 1533 1360 1219 
1407 1465 1319 1263 
1415 1480 1316 1175 
1372 1465 1355 1247 

1.4/1.6 1322 i4i9 1242 1144 
1.4/1.6 1364 l46l 1325 1253 
.30/.5O 1355 1433 968 800 
.30/.50 13té 1U13 1035 879 
1.0/1.5 1343 1453 1051 928 
1.0/1.5 132M 1405 913 734 
1.3/1.6 1348 1451 1280 1203 

137») l46o 1338 1251 
1417 1525 1379 1292 
1390 149« 1350 1214 
1394 l4l6 1333 1303 

5.00/3.25 I325 1368 120« 811 
1398 1«27 1551 1314 

.nmmNNNMNM 
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Ul -aoaetrlc OrUlcal Point ^wtc rail nation».. 

Critical points for all stool# were detaralned by the dll»- 

ton»trie !... t'".'iv'.. The ipparatus used In aaxla^ these tests th# sar;« 

as that described In the Au,m»1 2? progress report. 

Dilatometrlc curves for each oteel are shown lo Figure# to 

lit) Inclusive, along with ml cro structure a of the as rolled plates. The 

effect of the various alloy* on th» location of the critical points is 

shown by data summarised In Table X. 

Preliminary Heat Treatment. 

After critical point determinations had been made, preliminary 

heat treating data were collected on coupons cut from the rolled plates. 

Proper hardening temperatures and quenching media were determined by- 

teats on small sections of coupon »«terial, but approximate drawing 

t»up«ratures were not determined an previous experience had shown that 

this data was of little value in treating the full site plates. 

Tabulated data on the results of these tests are given In 

Table XI. 

Heat Ireatawnt of Platee. 

Reaching of the plates la this group was carried out In the 

same manner as that described in the August 2? progress report. The 

plates were heated for quenching in a »alt bath for 1 hour and were then 

quenched in oil or water, aa the case may be, by means of the quenching 

fixture previously described. After quenching, the plates were removed 

from, the fixture and imaedlately placed In a tempering furnace for 

l/2 hour at 500* F. All plate# were quenched after tempering to eliminate 
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TABLE XI. RESPONSE OP SPEC I ŒNS TO STENCH I NO TREATMENTS 

tiuimch 1 ni 
H«*t Ac3 T#njp«r«t'ir0 Qu»nchln#r Rc 
No. ( °F.) (1/2 hr.) ( Av ^. ) Carbide Exwalnetlon 

7?7fi iU2i 
7277 iUka 
727s 1U3R 

7274 1U3L 
7?S0 l 
7281 lW+2 
7111 1U9K 

732^ 1>;»7 
7)27 lUoR 

712s lUg6 
7329 lUgg 
7330 1^5 
73¾) 1^½ 

7391 1533 

73U2 1½¾ 
73U3 lUgo 

7399 itóR 

73Uh 1U19 
7347 l46l 
7348 1433 

73 4») 1413 
7350 1453 
7351 1405 
73^2 1451 
7353 1460 

1515 °f. on 
1590*7. Water 
1540*7. 011 

1540*7. 011 
1540*7. on 
1540*7. on 
1615 *f. on 

1590*7. Water 
1590*7. on 

1590*7. on 
1615*7. on 
1560*7’. on 
1540*7. on 

1615*7. on 

1560*7. on 
1590*7. on 

1560*7. Water 

1515*7. on 
1560*7. on 
1540*7. on 

1515*7. on 
1540 *7. on 
1515*7. on 
1540*7. on 
1560*7. on 

60 
55 
52 

54 
54 
55 

57 

50 
51 

53 
51 
55 
55 

52 

58 
58 

56 

58 
50 
60 

57 
57 
59 
57 
s6 

No carbide» 
M W 

Fee fine carbide» ln an und*, »»olved 
«rraln boundary structure. 
No carbide» 
H N 

M M 

Few «nail carbide» In feathery H»« 
«rrain boundary «truc tu re. 
No carbide« 
Few «mall carbide» uniformly 
distributed. 
No carbide* 
n M 
1« »I 

Few »mall carbide» In an uadUeolwed 
irraln boundary etructure. 
Few «mall carbide» randomly 
di et rlbuted. 
No carbide» 
Few »mall carbide» randomly 
distributed. 
Very few «mall spherical carbide» 
In background. 
No carbide» 
N W 

Few fine carbide» in background 
randomly distributed. 
No carbides 
M «< 
M « 
11 H 

Few very fine carbides randomly 
dl «tributed. 

-Continued, pare Sla 
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TA”LF XI. -Cantimiad 

RISPCNSF, OF SPEC IMF N S TO Q.TTFMCHITO TRIATMNT3 

Quanchlnr 
Heat Ac3 Temperatur» Quenchinr Rc 
Ko. (“î11'.} U/2 hr.) Medina (Aw.) Carbide F.xamlnatIon 

73¾ I**98 
*7356 1U16 

•7757 1368 

*7360 1U27 

lbl5*F. 
1S90*F. 
1515°R. 

lU70*F. 

Oil 
Oil 
on 

on 

Oil 

hh No carbides 
58 " M 
55 Some carbide# and elongated «raohlte 

et rindere. 
57 Continuou# (Train boundary net work 

of carbides and also needle# and 
globule# within the (Train, Very bad. 

59 ïxceusiwe aaount of spherical 
carbide# but net work not aa con¬ 
tinuous »■ 7357 

* Carbide Solution Treatment 

Specimens held 1 hr. at each temperature and oil quenched. 

Heat Mo._ 1700°Y.____1329^- 

7356 No carbides No carbides No carbides 
7357 Few spherical carbides " “ “ 
73«! No carbides " " 

.... iilP*! 



82. 

possible tamper brlttlenaes. 

Subse tuent lamparín: treatments neceaeary to produce the deal red 

hurdneiä« «ere carried out In the Lindberg Cyclone tampering furnace and 

hardness values »ere determined after each treatment. 

Tabulated data «bowing the hardness after quenching and temper¬ 

ing treatment« for each piste are given in Table XII. 

Heat Treatment of Decttrburlzed Plates. 

A group of five plate* from heat number# 7328, 7)43, 734e), 7349, 

and 7 ,r;2, were rolled to 1/2 Inch in thickness and no effort was made 

to eliminate décarburisation, luese plate« »ere heated for quenching 

in air and then quenched and terne»red in the usual manner. A surface 

hardness of t0 370 Brlnel1 wa* obtained on each plate. Duplicate 

plate» froa the same heat« wore treated in the machined condition, using 

a neutral «alt bath for heating and the standard quenching procedure, eo 

trmt a comparison of ballistic properties might be made between plate# in 

tne decarburi«ed condition and identical material in the homogeneous 

condi tien. 

Data on the heat treatment of the decarburised plates are given 

in Table XIII, and heat treating data for the corresponding machined 

plat*» may be found in Table XII. 

Additional Compositions Added to the Original Group. 

Two heats of a high manganee*-allicon cast iron, which had shown 

exceptionally good impact resistance in the as cast condition, were cast 

into 1/2 inch plates and included ia this second group for ballistic 

testing. It was thought that a possible use for a materia of this type 
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T/Ü.1LK xTi. hè:at TKüAT;-:r;:¡T ok kachihku platkg 

.11-:)1(01(11] I'rou u GulE Uuth 

iifi nelT tiu’rdno;;u uíTiTr" " ' ’ ” ’ Frollnu.u i • y_ 
Oí ticíjl i o i nt;! uouc.h i nf, íu-irclii ny, ..r;i.v/ 500°:'. ..t cuy ¡^ravr .jro.v/ .jrtu/ 

’ T«imp<;rut'ur6 ' c iium 1/2 hour iíc.l Ko.? Ko.3 :¡o.< 
Ar T AO 

7 ? V G 1187°!''. 14?,1*F. lEr00°F. Oil 

7250 900* 
514 ( ijlj;; ) 1 hr. 1 hr, 

441 362-306 

7277 1274°K. 14AG0F. 1600°F. Water 44-: 

(278 1235°F. 142,8° K. 1550°F. rVn ter 

7279 1193 °F. 1434°F. 1550'F. Oil 

Til?’-- 
1/2 hr. 
333-368 

' U : :08 -m* 'ÕÕÕ8 95Ò"1 ’ ' 
i/?hr « l/?hr. l/2hr. 1 hr. 
477 444 444 363-375 
"ST)^ õõ^ SwT8 lòo o''1 
1 hr. l/2hr. 1 hr. 1 hr. 
401 41b 401 341-341 

900°1 950b IOÓÓb 
1 hr. 1 hr. l/2]ir. 
401 303 360 36 

7280 60V °K• 1441 °F. IbbOV. Gil 477 
O 50 * 
1 hr. 
416 

7261 567°?. 1442°K. 1610°:. Oil -i / / 
9ÛÜ 
1 hr. 
390 

TbU*-lüÜÕ^ 
1/2 hr. 1 irr. 5/4)tr. 
iOo oòb*"o /0 «S /b**oG-. 

7111 1153°:'. 14ubV. 1600 °K. Oil •11 i 
700 
1 irr. 

lÕO8 ÜÕÕ8' 6008 * 
1 hr. 1 hr. 1 hr. 
444 406 388 

7326 120G°K. 1497“F. 160G°F. Water 
600 0 
1 hr. 
386 

"oCkT 
i/2hr. 
308 ; 

BÏÏÔ7’- 
1/4} ir. 
,68-368 

7327 131bV. 1435*F. 1585*?, Oil 477 
900° 
i hr* 
OJO 

960 
I/2 i 
O80 

7T 1000° ' 

1 hr. 
370-370 

7328 672 V. 1486°F. Ib90°r Oil 814 
'TäF cüiT8 lüP too” 
l/2hr. 3/4hr. l/2hr. l/2hr. 
495 474 467 464 

7329 1209 °F• 1498°F. 15tí5#F Oil 
850 
1 hr. 
429 

900° 950 1000° 
1 hr. 1 hr. l/2 hr. 
415 380 308 3 

7330 1216°?. 1455°P. 1560°F Oil 
TTstr—mp—rar0—lüücr*- 

1 hr. 1 hr. 1 hr. 1 hr, 
444 415 393 378-363 

/ 

~5bP 
1 hr 
415 

10008 
1 hr. 
308-363 

7340 1191®F, 1446*F# 1550°F. Oil 514 
900 
1 lir. 
388 

950° 
1/2hr « 
388 

Togo8- 
1 hr. 
401 

1100# 
1/2 hr. 
388 

7341 1219°F. 1533°F. 1585°F. Oil 477 
950 
1 lu-, 
401 

1050^ 
1 lu-, 
388 

~9bP~ 
1 hr. 
415 

1W 
1 hr. 
401 

im*- 
1 hr. 
401 

1130*- 
l/2hr, 
388 
100*- 
I hr. 

504 

7342 1263°F. 1465°F. 1550°F. Oil 534 

600“ 
l/2hr 

530 

w'- 
l/2hr. 

510 
7343 1175*F. 1430°F. 1590°F. Oil 555 

600“ 
3/4hr. 

510 

• Air hardening characteristics rimde 

I 

this plate unmnchinable, dolled to l/2 inch 

.. 
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aíok ¡.'./»cKr.rOD platks 

cluid fron a 3'>lt fufii 

ITTTtloIi iiaranooü 'ijravrinf " I ï 0'fv fn1 
„ v~—;• —L)raw Draw draw 

1 0.. ' 0.4 ’.0.3 ;'o.G 1.0,7 

~PI imT fonporiri|3 '¡T ent.ment 
Tni;v Tino Tiñiporuluro nurdrieas 
io.d (hr.;) (“!’)• (BHlijav;-. 

6 üOO" 
r 1 hr 

,: h!>-o oG 

hr 

■ -3 b 6 

"So1 SÖST8"" «Jíio* 

hr. i/: hr . l/i’.lir . ] hr. 
444 4 4 4 360-37 5 

~r ÕU T8'’-" TC(T ^ looo 
i hr. 1 l>r. 
401 341-341 

~TcT 

900 

1/: 73! 

9 50 

1/ 2hr 
415 

1000 

1 hr . 
401 

.n ï: A 1 * KS 

TõoTí8 ro'6öe 
1 ru-. l/2hr. l/2hr. 
353 308 365-3C3 
TüüJ^ 

l/21ir. 1 iir. 
'7 C 'f ~ v9 k- 

7TTÏ 

lüSÏÏ8 
0/4) ir. 

j / 0 0 / o—0-. 
TFãJ8 

1 1050 

1 3/4 1000 

TÕJ^ ÕÕíT11 " 800 " Ü3Û15 850 a 9008 950u 
a-. 1 lu-. 1 hr. 1 hr. i/'!hr. 3/<lhr. l/2hr. l/21'.r. 1/3 

444 .1 n ;. .Whi .-.58 558 380 0 G o—0 6. j 
nr—:r4-V' 

550 

40 G 3U0 J •.> U 35.8 380 

850 
l/2hr. l/4hr. 
386 3G8-3GÜ 

1/4 850 

loocF 
1 hr . 

^700 “'“TOO18 1050^ I ioo8“ 
l/i:hr, 1/2hr. 2 lu-. 3/4hr. l/2hr. 
467 4 64 388 388 575—o^5 

1000 

1 1/4 1100 

1000^ 1050° 
1/2 hr .l/?.hr. 
388 370-363 

■TTÜ0'r 
1 h r • 

375-363 
Tõõõ® 

1 hr. 
363-363 

1/2 1050 

1000 

1000 

TÕÕ08 1050* llOO’’ 1125' 1150 ^ 
ar. 1 hr. 1 hr. l/2hr. l/2hr, l/2hr. 

401 388 388 388 359-352 
V-ÍÕíÍT^TThÕ^nOO" 1125^ ï 1.508- 

l/Z 1150 

... .... TSüü^ 

hr. 1 hr. 1 hr. l/2hr. l/2hr. l/2hr. l/4hr. 
¡5 401 401 388 388 388 368-363 

1/4 1200 

0« -COO”-7308-700^-ÍÕ1778 Tíciõ8 T1 50°"T2ÏÏ5t~ 

2hr, 3/4hr, l/2hr. 1 hr. 2 hr, 2 hr, 2 hr, 1 hr, 

0 510 510 504 429 415 401 3G3-363 

1225 

able. Kolled to l/2 inch thicknaas. 
A 

357 

366 

369 

341 

365 

369 

¿bo 

368 

370 

375 

366 

369 

363 

355 

365 

363 
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j!LK XII. - Gontinuod. f":AT T:V'AT" :ï;T ok KAOüIKKD PLA' 

uciicIha! from u Halt Bath 

]■'; L iniinary 
arm “a. 

.'nn j!1 Îi'e.rtinu33 after 
Peat Critical Poiv.ts rtuonchin¡*, îuciichinr Dru’.v 500 !■’. Draw jravt nraw nrav, 
Ko, j{rl Temp'iraV.'iru /jJium 1/2 hr. Ko.l Ko.2 Ko,5 Ko,4 
-1-B¡T(T* —g-oy- ■ - -[j-Kir—rrorr— 

7344 1247°F. 1465*K. 1550o/. 

7345 1144 V. 1415 V. 1615 o.-. 

570(51.K) 1 hr, 1 hr. l/Chr. 1 hr. 
441 5ü(l 358 356-347 
6()01 700 700 y. 

oí i 

7347 1250°!'. 1461 °/. 1660°í . i IV i 

?34’j 8/1. °r. 1433°F. 1660or. Oil 

7345 673°F. 1413°:'. 161!. °r. Oil 

641 

.'Uh 

l/hhr. 3/4!.r. l/2hr. 1 hr. 1 
MU 481 477 4G7 57: 

i hr, 

lâõ^lHTò"0 “Tüïïî?’- Tui)ö,r "T: 
1 hr, 1 hr, 1 hr. 1 hr. 1 
415 406 390 380 3G: 

1560 Oi 1 634 

7351 734"K, 1406°K. 1500°', Oil 614 

7352 1203°F. 1451°F. 1560°F. Oil 

1251 1400 °Ii'. 1 560 °i . Oil 477 

7354 1292°F. 1525°F. 1C00°F. lator 

600° 600° 700° 700° l( 
l/2hr. ?/4hr, l/2hr, 1 hr. 1 1 

510 477 467 3! 
8 bO"5 900° 950° lOOO1* 
) hr, 1 hr. 1 hr. ’1 hr, 
429 415 401 375-375 
000r~ 950* loob" röTiö* T: 
1 'nr. 1 hr, 1 hr. 1 hr. 1 
401 416 401 388 37Í 
000a GOO” TOO*“ 70ba""' l"( 
l/2hr. 3/4hr. l/2hr. 1 nr. 1 
534 534 522 514 37( 
7258 '900'’ 
1 hr. 1 hr. 
464 343-356 

■9ÖO* 950* 
o/4hr, 1 hr. 
aOl oto—.y5/t 

7355 1214“F. 1498°F. 1600°K. Oil 477 

7356 1 356 1303°F, 1416 F. 1700°F. Oil 

ÕÕÔ* 9ÕÕ* 9ÕÕ^ TÕÕÕ*-? 
1 hr. 1 hr. l/2hr. 1 hr. 1 
444 380 409 393 3( 
725* 900* 95110 TobO*" ' Yc 

378 1 hr. 1 hr. 1 hr. 1 nr. 1/ 
692 461 416 385 37! 

/ 

7357 eil°F. 1368°P. 1700°F. 

7360 1314°F. 14 2 7 0 F . 1700°F. 

000*~ ' c 
Oil 269 1 hr. 

- --727/ä 5^0*—950*— Töbo* " T( 

Oil 564 1 tir. 1 hr. 1 hr. 1 hr. 1 
601 477 429 393 

ÿThoae plateo ware not •pjonchod from a .suit hath but were graphite packed ii 

SMWWkiMMiuyiflftumj 
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ATI.' :',MT OF PLATTS 

chcJ froin a Salt Rath 

rÔTcTl Î Mx r d i Ü; s 5~~a ft o r . r;»v;.i n:f "’froatnont 
UFav7 Lraw T-ruv. .-raw Draw iJraw 
I. o • S 1 i o • 3 ' ,o • 'i o.b i. o. G ..0.7 

wnr* —iDüir “ 
1 hr. l/shr. 1 !ir. 
313£ 3Gß 35G-347 _ 
CÏÏO*-TCÎÏÏ0 'fOO* ïïw'7" 
3/4:.r. l/Shr. 1 lir, 1 hr. 
481 477 4G7 378-366_ 

i 1 naT^i'cnoorin;r, 'I’reutinont 
IJrâw TÎïne Toinporaturo hardnosa 
:.0.8 (l.ra.) (°F.) (¡ii::i)ttv¿0 

1 1000 351 

1 950 371 

1 950 3C3 

‘SmT’ l'i: Jo110 
1 hr, 1 hr. 
■106 390 

1030“ 1100^ 
1 hr. 1 hr. 
388 3G3-375 

600° 700° 700° 1050* 1075° 1075* 
?/4hr. l/2hr. 1 hr. 1 l/2hr. 1 hr. 1 hr, 
510 477 467 _ 380 300 375-368 
9008 95ÏÏ11 10008- 
1 hr. 1 hr. 1 hr, 
415 401 375-375 _ 
•gUÕ" ÍÕJÕ10 1050° 11008 
1 hr. 1 hr. 1 hr. 1 hr. 
415 401 358 375-303 
WP TOP ffip IW~ 
o/4hr. l/2hr. 1 hr. 1 hr, 
534 522 514 370-370 
9ÜÕ8 
1 hr. 
i43-35G 
950^ 
1 hr. 

)63-354 

1100 369 

1075 371 

1000 375 

1100 5G9 

1000 370 

900 347 

950 358 

1100 
TUP-950° 10008 " To50° 1100“ 
1 hr. l/2hr, 1 hr. 1 hr. 1 hr. l 
368 409 393 385 3GB-35G__ 
TUP—95T1 iôòõu-1obP ÏTÔÜD 1100“ 11/b'° “ 
1 hr. 1 hr. 1 hr. l/2hr. l/4hr. l/2hr. l/4hr» l/4 1125 
461 415 365 375 375 --- 3G3-3G8_ 

36- 

365 

800 363 

'5UP-UUP-1ÓÒ0* iÖ5Ö'v 1100" 1100“ ll25U " "~ 
1 hr. 1 hr. 1 hr. 1 hr. l/4hr. l/2}ir. l/4hr. l/4 1125 
477 429 393 375 375 _— 305-363_ 

were graphite packed in the furnace to provent derarburizotion. 

"V„ 

1 ' . ; 1 
: ; 



TABLE XIII. HEAT TREATMENT OF PLATES IN AS ROLLED CONDITION 

^uanchtd from an Oxldliln^ Atraoipher» 

Quaach- 
l:wr (iuench- PrallTilnary_ 

^®at Orltlcal Point« T«»pera- inn Draw SOO*F. Drnw Draw Draw 
No. Arl kç} ture Mediu» 1/2 hr. No.l No.2 No.3 

7328 672•F. 

73U3 117h*>'. 

731*5 11 ^“F 

73U9 879*7. 

7352 1203 ®î". 

lUg6°f. 1590*7. 

1U«0*7. 1590*7. 

11*19*1’. 1515*7. 

11*13“?. 1515*?. 

11*51*7. 1560*7. 

Oil LS8{BHN) 

011 51U 

Oil L95 

Oil 526 

011 1*95 

500“ boo* 700* 
l/2hr. 3/t*1r. l/2hr. 
U99 Ú57 Uhg 

bOO* 500* 7OO® 
l/2hr. 3/l*hr. l/2hr. 
L95 1*88 1*77 

500® 500 * 700“ 
l/2hr. 3/l*hr. l/?hr. 
1*99 Í177 1177 

bOO® bOO* TOO“ 
l/2hr. 3/lttir. l/2hr. 
1*8 g 1*71* 1*77 

bOO* bOO* 7OO* 
l/2hr. 3/Uhr. l/?hr. 
507 495 510 

_Magll4 
Draw Draw 
No.l* No.5 

700® 800% 
1 hr. l/2hr, 
1*1*1* 1*1*4 

700* 800* 
1 hr. l/2hr. 
1*74 471 

700* 800* 
1 hr. l/2hr. 
U71 43g 

700* goo* 
1 hr. l/24r. 
45!* 43g 

700® goo* 
1 hr. l/2hr. 
503 H7I 

»«MIWIIIjM 
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'f 1 *¡» 

HgrAnagt after Brewing Treatment_ 
Draw Draw Draw Draw Drew Draw 
So.fc ho.7 No.8 No.9 No.10 Mo.11 

Draw Drew 
No. F 

Draw 
No.lL 

Final Temperlum Treat«tnt 
Time Température Hardness 
(hre.) CF.) (MN)evg. 

950* 975* 1025* 
1 hr l-l/2hr.l hr. 
Ui¿ h09 

950* 975 ° 
1 hr. 2 hr. 
Uhl U38 

950* 
Ihr. 
361-363 

IO25* 
2 hr. 
ttfo 

1050* 
1 hr. 
393 

1050* 
? hr. 
UUI 

10500 
l-l/CT.r. 
3«s 

1100* 
2 hr. 
U29 

1100° 1100* 

3/lJhr. 1/chr. 
376 368-36S 

l-l/U 

1150* 
? hr. 
U23 

1226“ 
1 hr. 

1225* 
3/lJhr. 
3*5 

1250* 
l/2hr. 1/2 

356-36« 

,950* 
1 hr 

1,101 

975* 
3/Uhr 
38« 

1000 * 

l/2hr 
3WF 

1050e 10500 1050* 
1 /Uhr l/2hr. 1 hr 

379-3¡to 3 «0-37* 375-375 
2-1 /U 

9500 975* 1000® 
Ihr. l/2hr. 1 hr. 
38« 3«« 350-566 

1100 

1250 

950 

1050 

1000 

36« 

362 

362 

376 

353 

iiwuiUto'1 
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might exist in the cast armor plate field provided that satisfactory 

ballistic properties could be attained. The cast iron plates are to 

be tested in the as cast condition. 

In addition to the cast plates, two graphitic steel* and a 

mangan«se-copper-aolybdenum austenitic steel were added to the original 

list of compositions. These steels were forged, rolled, and heat 

treated In the usual manner, and were all tempered to the specified 

hardness range of 330 to 370 Brinell. The graphitic steels were Included 

in this group because of the wide range of properties obtainable by 

simple heat treatment, and the austenitic steel was thought to be 

practical from a standpoint of its inherent work hardening characteristics. 

Heat treating data on the austenitic steel and the graphitic 

steel X are included in Table XII. 

Mlcroacoplc •xar.lnation of the Plates. 

a. Inspection for Cleanliness. Small longitudinal specimens 

representing the full cross-section of eacn rolled plate were examined 

for inclusion«. The specimens were rated according to both the S.A.E. 

and Chevrolet methods, and the results are shown in Table XIV. 

b. Examination of tna à.»» rolled Micro structures. After the 

inspection for cleanliness, the specimens were etched in order to reveal 

the grain site and the nature of the structural constituents of the 

plates in the as rolled condition. Typical locations were photographed 

and are shown in figures 8b to 115. Inclusive. The photomicrographs are 

included alongside the dilatometer curves because there Is ordinarily a 

close relationship between grain site, structural constituents, and the 

location of the critical points. 
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ï AB LI XJ V. CLIMLIMISS HATING 

¢1) 
H«at _ S.A.iu Ha11 r.g_ 
No. Lanxth Ayo rag« ?sck- 

•■»f Loncth «round 
Long- of Long 
OBt. Inclusions 

727b i2v4g 
7277 7vdg 
/278' 2^Ydfih 
727-1 3rd 
72SÓ 22Yd 
/281 IbYdg 

/111 Jvdg 
732b Ibvdg 
7 3? 7 bvd 
7 728 8vdg 
7329 9vd 
7330 5vdg 
7 }LC 7v'dg 
73L1 3vd« 
73^*2 ivdg 
7>7 I5vdg 
73ltn 9vdg 

73^5 9»d8 
7347 gvdg 
7}4g IjYdg 
/349 7v4g 

735O 7vd« 
/ 3^1 i>vdg 
/332 3vd 

7 3b 3 11 vd« 
/334 Ivd 

/351) 
735b 
7357 2»d 
73bC 4vdfc 

2 1/2 
3 
5 
1 1/2 
b 
2 1/2 

5 
3 
3 
3 
2 
2 
1 
2 
2 
3 
4 
C 

3 
3 
3 
2 
1 
2 
1 
1 
2 
1 
1 

C- 
By 
O 
B+ 
B+ 
C 

By 
B 
B- 
B 
By 
By 
Cy 
By 
B 
B- 
B 
By 

B 
B 
B- 

By 
A 
B 
C«> 
hr- 

B 
A 
B 

General Chevrolet 
(2) Hating 

¢3) 

Remarks 

f- 

(b* 

K+ 
#?* 
fY 

«* 
fY 

& 
f- 

£ 
fY 
e~ 

« 
(?* 
« 
a” 
fY 
f 

* 
«** 

f- 

«♦ 
e 

if 

sg°3 
s2°4 
s3°ii 
s2o3 

S2°3 
S-0 j 
SoOii 
S204 
$204 

s2Q, 
S3°C 
s?04 
s2®2 
S20, 

s203 
s2oi 
s2o3 
s203 
s20 
s 
S504 

S204 
BgOg 

S2°5 
S0O4 

S20, 

S2°3 
S202 
S3O2 

Three heavy silicates *( 7(792) 
(7O9I) 

Nine lone, heavy inclusions (7092) 
(7099) 

One long inclusion (7101) 
(7107) 

Inclusion colonies 

Very clean 

Inclusion colonies 
One clustered section 

One large, Isolated silicate 

Very clean 

Densely scattered inclusions 

Very clean 
Dirty layer near rolled surface edges 

(1) vd - very divided 
g - group 
n - very elds and heavy 

A, B, C, D rates back¬ 
ground from good to bad 

(2) e - excellent (3) 5 - 
« - good 
f - fair 0 - 
p - poor 

sulphides Md Inclusions 
elongated on rolling, 
oxide» and Inclusion» 
not elongated on rolling 

Replaced heats 
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c. InwcUon for Und 1 f sol vea C*rMd«B, Coupon» from all of 

th» rollad plat»« wer» halted for 1/2 hour at th» temperatures selected 

for quenching the large plat*« (approximately 100®F. above the Ac7 point) 

and quenched In oil. Examination for undl»solved cerbldes was then made 

and the results ar» given in Table XI. 

It wn» necessary to go to higher temperatures to effect complete 

solution of the carbides in the three very high carbon steels. Specimens 

from each steel were heated for 1 hour at 1/00, 1800, and 1-)0(.) F., 

respectively, and then oil quenched. It was found that 1 /00®?. was high 

enough to completely dissolve the carbides, and this temperature was 

subsequently employed for quenching the large plates. 

P¡syTS¿ION OF EKS'IJLTS 

Th« treatment of the plates listed in this report was similar to 

that applied to the first group with the exception of machining the eurfaces. 

The machined surfaces were free of decnrburltatlon, of course, when the 

plates were put into the naîtrai salt bath for heating preparatory to 

quenching. There Is good reason, for believing that surface and core 

hardness will be almost the same for the machined platea. 

The extent of decarburixatlon on the five rolled plates, shipped 

to Watertown on November 15, will not be known until cross section hardness 

surveys are made on the returned plates. Different steels decarburi*e 

at widely different rates In a given atmosphere and it Is possible that 

none of the five steels will show a response equal, to Host No. 7093 from 

ths first group. If none of those composition» ars very susceptible to 

décarburisation they will probably shew approximately the same core bard^ 
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n«BB In both tue «acnined and rolled conditlonu. Similar ballistic 

properties would be eipected in that case. 

Cheaical analyses for carbon, manganese, and silicon were «ade 

on all heats. The following tabulation shows those heats which were mit 

of the specification range, how much they were off, and what elements 

were out of line. 

Heat 
iiuabe r 

7276 Intended 
Actual 

7277 Intended 
Actual 

7278 Intended 
Actual. 

7279 Intended 
Ac tual 

7280 Intended 
Actual 

7281 Intended 
Actual 

7job Intended 
Actual 

Qiemlcai Analysis 
% Mn 

.42/.48 .bO/,90 
.90 I.07 

.42/.48 
.39 

.60/.90 
.91 

.32/.¾ .60/.90 
•40 .93 

.00/.90 
.92 

I.4/1.6 
I.63 

I.IO/I.29 
1.02 

The ballistic properties of the high carbon, manganesa-molybdenu»- 

copper steel. Heat No. 7367. will be of special interest. Table XII shows 

that after quench.ng and drawing at 900° F. this plate showed a Brinell 

nardnes® of only 269- Magnetic tests showed that the steel was at least 

partly austenitic so it was drawn at a still higher temperature, 800* f. , 

in order to produce further transformation. The hardness after this 

draw happened to fall into the middle of the specification range. The 

structure should consist of austsnlte plus transformation products. It 
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ie possible that the work hardening character!atice of this eteel may 

be different from those of convent1onal armor plate eteels. 

Some thought «hould be given to the possible use of 19 duplicate 

platea in the rolled condition, wnich are «tili on hand. The only 

additional coet which would be Involved 1b that of heat treating. Thee# 

duplicate plate» could be drawn to e hardneee level differing from that 

at which the corresponding platee are to be tested for the purpose of 

obtaining comparative results on the effect of hardness upon bal Untie 

propertl ee. 

HJTURg worn; 

The subject of future work will be discussed during the next 

visit to Watertown. 

Data, from which tnla report wat written are recorded in 

notebooks 7*99 and 849, pages 62 to 100, and pages 4 to 38, respectively. 

MLS-CHLlD* 
12-2-41 
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13310 
Figuro 86. Ho«t lío. 7276 - Repent on Heat 7092. 
Vicroatr.ctur» of the as-rolled 3/4-In. plato. 

JUOO 
Actual analysis* 

Carbon --------- O.SOá 
Manganese ------ 1.07 
Silicon --- 0.30 

\ y 

Dilatometer Curves 

Intended compos liions 
Carbon--.-- .42/.49,¾ 
Manganese ----— .60/.90 
Silicon..20/.30 

Grainal Treated 

13311 
Figure 87. Heat io. 7277 - Repeat on Heat 7091 

(Aluminum treated). ïlorootruotur» of the 
as-rolled 3/4-in. plate. 1100 

Actual analysis» 
Carbon 0.39¾ 

-y’• -..'V' 
/ 

*00 MO *00 roo «00 *00 COO "00 «00 I »00 '400 '«0» 

M| Mi»-« »A » I,AH CMttNtili if 

Dilatometer Curves 

Intended compositions 
Carbon.42/.48¾ 
Manganese ——— .30/.40 
Silicon .20/.50 

Manganese 0.38 
Silicon - 0.23 

imiiis»*iiiMigiwn|ilii|iiiiiMiii|i|ii iisijlisi 
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13312 
Figure 88. Heut No. 7278 - Repeat on Heat 7092. 
Nlorostructure of the as-rolled 3/4-in. plate. 

XI00 
Actual anal yola i 

Carbon 0.475Í 
Manfaneae --—-— 0.91 
Silicon-0.26 

( • 

' '''ll 

0 L„..i—,-*■.....-i...-*•—--1~—-«-»- 
a»: vx) «too n*> mx: w *000 "oo «00 >100 

0€ <»Wf Í "l * 
*500 i«tx> «700 

Mí*í 

Ollatometor Curves 

Intended composition» 
Carbon —-—--- .4 2/.48/ 
Manganese ------ .60/.90 
Silicon -.— .20/.30 

Aluminum Treated 

Figure 89. Heat No. 7275 
Mlorostruoture of the as- 

Actual analysis I 
Carbon 

13313 
• Repeat on Heat 7099 

-rolled 3/4-in. plate. 
1100 

- 0.40/ 

Dilatometer Curvea 

Intended compositions 
Carbon ------- ,32/,38/ 
Manganese ——— ,60/.90 
Silicon ——— .20/.30 
Nickel -. 1.3/1.6 
Chromium —— .70/.90 

Manganea* —— 0.93 
Silicon-0.25 

! I . , . . ^ . 

............—.... < .. ► 
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13:-.14 
■IjHirm 90. Heut No. 7260 - Repeat on Heat 7101. 
''l.T.-strusturo fron the as-rcllod 3/4-In. plate. 

noo 
Actual analysif: 

Carbon ---------- 0.35,¾ 
Uanganese -- 0.S2 
Oil loor.-0.28 

/ 

■t wi-i n«t m ; * <;i»i f u * 

Dilfttoniotor Curves 

Intended composition! 
Carbon —- — -- .32/.38/ 
Tanpftneie - .80/.90 
Si 1 icon- .20/.30 
Nickel...1.5/1.6 
Chroir.lum -- .70/.30 
Molybdenum ----— .70/.30 

18115 
Figure 01. Heat Ho. 7281 - Repeat on Heat 7103. 
1. icrostruoture fro» the as-rolled 3/4-in. plate. 

1100 
Actual analysis» 

Carbon ———— 0*3t?í 
Manpauese ----- 1.63 
Silicon ——— 0.30 

\ / 
^ .u, 

/ 

i. OtGM f -, * 

Dilatometer Curves 

Intended oomí»®itIon» 
Carbon ---------- .32/.38/ 
Manganese ——— 1.4/1.6 
311 loon  -- .20/.30 
Nickel ---------- 1.3/1.6 
Chromium ———— .75/.90 
Molybdenum —— .25/.36 

—-- «*<* ■ ■^iwoartwatwidjiitimc^ 

we A 
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13316 
•'Irure S2. Hest Uo. 7111. Wicrsstruoture 
of th» «s-rcllol l/j-ln. plata. XlOO 

Actual analysist 
Carbon «-- Q.46’» 
i<knc»ri©so ------ 1.58 
Si! loan -.0.20 

ï 

13317 
Figura 93. Haat Ho. 7328. îéioroatructuro 
of the as-rolled 3/4-iß. plat«. XlOO 

Actual onalyalat 
Carbon.0.30)( 
Manganese —0*73 
Silicon.- 0.80 

/ 
/ 

/ 

—ttt ip-—pp-;-—pr—tr—fv 
■. Wl w. ' : ,4« 

Dilatometer Curvee 

Intended composition: 
Carbon --- 
Manganese ------ 
Sil Icon -- — - 
Vanadium --- 

. 4 £ /. 4 8;î 
1.4/1.6 
.20/.30 
. 10/. ?0 

>**"» MA' Kl » *« ï 

Dilatometer Curve® 

Intended composition: 
Carbon --— .30,/.35¾ 
Manganese ------- .60/.90 
Silicon.80/.30 
Chromium ,90/1.10 

r. 
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13318 
i' if uro 94. Heíit No. 7327. Kicros truc turo 
of the ii.R-rolled 3/4-in. plate, XlOO 

Actual analysis : 
Carbon - 0.35/ 
Manpanose --- 0.88 
Gil icon-0.2G 

/ 

- i.- roo K»") i-oo i?( io v:o *00 

TMf'f »ATl,*'f - t/f r.iirtt » 

1700 

11711 

Dil'vtomotor Curvos 

Inbondod composition: 
Carbon - 
¡.'anpanesc --- 
Silicon - 
Chromium - 

.30/.35/ 

.GO/.90 

. 20/. 30 
2.3/2.7 

13319 
Pipure 95. Heat Ho. 7320. Microstruoturo 
of the as-rolled 3/4-in. plato. 7.100 

Actual analysis: 
Carbon -—--0.34/ 
Manganeso-— 0.89 
Silicon.—- 0.20 

C*Oh 

[»» 

trxi 7'X) (KX) XWO 1100 i.’OO iVX) '**00 I ?/00 

ftMil HAtuHt DC GHU’i * 

«.'>9 i 7 CO 

Dilatoraoter Curves 

I ni' e n do d o o mpo s i t i o n : 
Carbon ---- 
Manganeso -—— 
Silicon - 
Chromium -- 
Molybdonum —-- 

.30/.35/ 

.60/.90 
.20/.30 

I.3/1.7 
.35/.45 
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’ 1 pura 96. H«at 7329. Microstrunturí 
0f th-? as-rollei 3/4-ln. pinto. 

Act.aal «nalysisî 
Carbon ---------- 0.34,1 
üanpaiws« -—--- 9.88 
Sil ïcoE'  -- 0.25 

Dilatometor Curvan 

Int«niai conpo3i11ont 
Carbon ---- 
Manganoao ---— 

3il loon .. 
Chrom lus*---- 
V«n& il um  --- 

.30/.35 í 

,60/.90 

.20/.30 

1.3/1.7 

.10/.20 

13321 
71gura 97. Haat Uo. 7330. Mloroatructur* 
of tha ai-rollad S/l-in. plata. .X100 

1 » M»a ma1 ..**i : * ■<#* i '> ' 

Oilatometar Curva# 

Intondad camposItiom 

Carbon ---------- .45/.504 

Manpanaso ------- .60/.90 

Silicon ----—-- .20/.30 

Molyblanum ----- .25/.36 

Vanadium ------- .10/.Ë0 

Actual anftly#i#t 
Carbon 0.46/ 

Mangan«#« —----- 0*86 

Silicon.. 0.24 
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•'i "ur« 38. Hint No. 7340 - M'iorostruotur» 
of th" iis-rolN^l 3/4-la. pitta. ).100 

Actual analyslst 
Carbon --- 0,1 fl% 
Manj'anasa-- 0.84 
Silicon —.0.29 

y’i y 
y \.y 

/ * / \<f 

HI 

V* ***■■ **, *>■ -UM1 tv- <1> m- VI) •«>" >100 itfX) Vu 

OMI'IWA' »« * Ml". » 3«$-« 

pilatomotar Curve® 

Intamiod coinpoa itiont 
Carbon --------- .46/.60/ 
Man^nncafl ------ .60/.30 
Silicon --- .20/.30 
Molybdenum -- .26/.38 

13323 
•'içura 99. Maat So. 7341. Mlcroatruotura 
of the «B-rollad 3/4-In. plat». X100 

Actual analysis * 
Carbon 0.34/ 
Ma.n(raj»se ------ 0.94 
Silicon -------- 1,06 

ril atoaeter Curves 

Intended composition« 
Carbon --------- .50/.36 
Manganese ------- ,60/.90 
Silicon.90/1.10 
Molybdenum ------ .36/.45 
Chromium ------- .90/1.10 
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13524 
F i furo 100. H**t Ha. 7342. Wiaroatruotur« 
of tV1« «s-roiled 3/4-in. plut». Xlüö 

Aotaftl analysis i 
Carbon -—------ 0.40Í 
l'anjfa»sa -------- Û.77 
Silicon--— 0.26 

i. I4'S Ufi- M «i.Hfi 

Dilatometer Curvea 

Intended composition« 
il a r bo n -- —    • 4 5/. 60,í 
Vanrarese ------- ,60/.90 
Silicon  - .20/.30 
Chromium —------ .90/1.10 
Mo 1ybionura   .25 .35 
Vanadium -------- .10/.20 

13325 
Figure 101. Heat He. 7343. Mlsroatruoture 
of the as-rollei 3/.-in. plate» XlOO 

Actual analysis« 
Carbon ---------- 0.45;Ä 
Manganese ------ 0.70 
Silicon.. 0.19 

4: ., V,n i ■ i'-») at:»,,' ’K:*; <xa3 •ns.x -400 «SÛ0 '4M3C 

•t aw-1* «*1 ‘Hi (.* uwi » s » 

Dilatometer Curves 

Intended corapositlon« 
Carbon ---------- .46/.50,¾ 
Manganese ------ .60/.90 
Silicon.20/.30 
Chromium ------- 1.10/1.50 
Mlolybdenuin --—-- .6()/.30 

Vanadium ------ ,20/.30 

' 00 
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13526 
Figure 102. Heat Ho. 7344. Mloro»truot;.«ro 
of the mi-roll«'! 3/4-in. plate. 

Actual *» nal y a ! ? : 
Carbon - — --0.46> 
Manganese ------- 0.75 
Silicon. --------- 0.20 

Intended compos 11ion* 
Carbon --    .45/.50/ 
I'jmganese -- — -- .60/.90 
Silicon --- .20/.50 
Vanadium--- .20/.30 

13327 
Figure 103. Heat No. 7346. Mioroatructure 
of the as-relied 3/4-in. plate. X100 

Actual analy«1st 
Carbon -------- 0.44/ 
Mangana»« ------ 1.64 
Silicon.—— 0.28 

•i 14« MA' *fl 

Dilatometer Curvos 

Intended composition* 
Carbon 
Manganese 
Silicon - 
Copper — 

* 4 2/. 48/ 
I.4/1.6 
.20/.30 

i.iA«« 
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Kirure 104. H*ttt Ho. 7347. Mlorostruotur» 
of ihn »s-rullod 3/4-in. pl^t«. XKX3 

Act .¡al analysis i 
Carbon --------- 0.34?» 
Man rana sa ------ 0.83 
Silicon --—• 0.26 

13329 

Flyura IOS. Heat No. 7348. Microstructure 

of the ar.-rolled 3/4-in. plate. XI00 

ictus.I analysis* 
Carbon -------- 0.47,4 

Manganese ——— 1*48 

Silicon.0.32 

V '* rf' 

/ 

Dilatometer Curves 

Inten led composition* 
Carbon ---------- .30,/.35';í 
Manganese --— .60/.90 
Silicon -------- .20/.30 
Chromium ----—-- .90/1.10 
Copper ---------- I.4/I.6 

Dilatometer Curves 

Intended composition* 

Carbon.- .46/.60,4 
Manganese -—---- 1.2/1.6 

Silicon ------- .20/.30 

Molybdenum —.40/.60 

Copper --------- .30/.50 



100. 

13530 
Fípura iOf. Heat No. 7343. Mioroitruoture 
of the as-roll« i î/4-ln. plate. XlOO 

Actual analysis* 
Carbon ---------- 0.46,¾ 
Banga no so ------- 0.71 
Silicon-0.24 

r 

Dllatonoter Curves 

Intonlod compos It ion* 
Carbon -------— .45/.50,* 
Manzanos« ------- .30/.00 
Silicon --------- .20/.30 
Copper ---------- ,30/.60 
Molybdenum ------ .40/.50 

IpWMWl 

1,3331 
Figure 107. Heat No. 7360. Uloroatruoture 
of the «a-rollod S/i-ln. plate, XlOO 

ictuai analysis! 
Carbon 0.46 1 
Hanganese ------ 0.60 
Bllioon.0.23 

Intended composition! 
Carbon ----- .46/.50,:4 
Uan/anese -- .60/.00 
Silicon,.20/.30 
Uolybdenum - .40/.60 
Copper — 1.0/1.6 



101. 

15S32 

Pifure 108. H«at No. 7351. Microstructur* 
of th*f »j-roll«d 3/4-In. plato. XlOO 

Actual a nalya 1s : 
Carbon ---- 
Manganos« - 
Silicon 

— 0.46;í 
— 1,49 
— 0.2Ö 

t M«1" **Ar i«f rji .»>» « 

L'ilatometsr Curvos 

Inten ¡©d compositions 
Carbon . 4 ò J * 50'. 
Vonfaneae ------- 1,2/1.6 
Silicon - .20/.30 
Molybdenum ------ .40/.50 
Copper --------- I.0/I.5 

V 

1 MC 

¥ 
í 0 I. 

13333 
Figure 109. Heat No. 7382. Merostrueture 
of the ««-rolled 3/4-in. plat». X100 

Actual analyaiai 
Carbon 0.44;jC 
Maitfaneae ——- 1.11 
Silicon 1.03 

Ml *' W 'W 

14¾ •* / 
^ ' 

/ 

y V 
4 / 

/ Ar 
r /»O1 * 

S X / 

SUO iOO 70t) *00 ’MX) aiJOO "00 tOO |S<X) 

T(l«4 04.0((411¾ »' 

«>0 (boo "diiOti ' coo 

'»■IW 

Dilatometer Curvea 

Intended composition* 
Carbon. 
Man fane«» —— 
Silicon 
Copper 

.45/.50:¾ 

.90/1.2 

.90/1.2 
L.3/1.6 
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13334 
Fifura 110. K-at Ko. 7353. Klcrattructur» 
of the »«-rolled 3/4-ln. plate. XlÖO 

.-•'I ^ 

Dilatometor Curvea 

Inten ied oonpob 11ioni 
Carbon ---------- .45/.601..½ 
Manf.ane®» ------ .SO/.90 
Silicon - --- .60/.30 

Actual analyaisi 
Carbon --------- 0.45/ 
Mançan#ea --— 0.84 
Silicon -------- 0,73 

13986 
Figure 111. Heat Mo. 7354. Micro•tructure 
of the »»-rolled 3/4-in. plat®. X10Q 

VÍ* 4 

Dilatometer Curve» 

Intended composition» 
Carbon ---------- .45/.50/ 
Manganese ----- .60/.90 
Silicon -------- 1.5/1.8 

Actual analysis » 
Carbon 0.46/ 
Manijan*a• ---.- 0.88 
Silicon -----— 1,71 

[Ml 
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ipur« 112. Hast Tío. 7356. Mlcroitructur# 
of the »fl-rolled 3/4-In. plate. XlOO 

Actual aim lys li» 

Carbon --- 0.46.Í 
K'jinranege ------ 0.79 
Silicon --------- 1.07 

muh a1 ,w 

Ollatouiater Curvas 

Intended composition» 

Carbon —-———- .40/.60¾ 
Mfirpanese ------- .50/.80 
Silicon --------- .jû/l.10 

yolybdanum ------ .40/.50 

(Suggested by Aatertown Arsenal) 

13337 

Figure 113. Heat No. 7356. Ulorostruotur» 

of the as-rolled S/4-ln. plat*. XlOO 

Actual analysis« 

Carbon 1.02¾ 

Manganese — 0.62 

Silicon 1,10 

HMMMAMe .»liée. 
IttHtlM 

Dilatometer Curven 

Intended oomposliions 

Carbon.— 1.10/1.25¾ 

Manganas# ------ .40/.SO 

Sil ioon - 1.00/1.40 

Phosphorus * Sulphur 0.04 max. 



*j ■ 

104. 

13?'38 
ip.r<:* 114. No. 7357. Hicroatruotur* 
cf the as-rolled 3/4-In. plate. XlOO 

Actual analyalat 
Carbon ---------- 1.26,¾ 
lAan^anece ------- 1,57 
Silicon ——---- 0.22 

jf 
/ 

/ /■- 

/■ 

// 
// 

/ ; 
Ac, 

/ / 

»'H' »TO 001 i MOO ¢00 'WO '400 WO '400 

Tfll(W»|l»ATU«i 04 I"JW| f s f w«* 

Dilatometer Curvas 

In t ended oo mp ositic n t 
Carbon ---------- 
Manganese ------ 
311 icon -- 
Molybdenum —--- 
Copper —----- 

1.1£/1.35/ 
1.5/1.75 

.20 
. w/.cc 

3.00/3.25 

13339 
Figure 116. Heat Ko. 7360. Microatructure 

of the aa-rolled 2/4-In. plat*. XlOO 

Actual analysis« 
Carbon —— 1.17/ 
Manganese ——o*61 
Silicon.1.31 

Dilatometer Curves 

Intended oomjxiiitlon* 
Carbon —.1.10/H25/ 
Manganeso ----- .40/.60 
Silicon l,00/l*40 
Phosphorus 4 Sulphur 0.04 max. 


