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PROGRESS REPORT

on
RESEARCH INVESTIGATION OF AKMOR PLATZ STEELS
to
WATERTOWN ARSENAL, UNITED STATES ARLY

from

BATTELLE MEMORIAL INSTITUTE
vy

M. L. Samuels and C. H. Lorig

Fobruary 20, 1942

This report describes experimental results obtained from several

loosely connected divisions of the program of investigation of armor plate

materiaslz. It may be helpful, therefors, to consider first, how the present

work is related to that which has previously been completed snd to that

which is yet to be done, before attempting tc summarize particular results.

b
5’MT A group of 32 armor plate specimens was shipped to Watertown

525‘ November 21, 1941, and ballistic tests were made on December 8. A con-

P ference between represontatives of Battelle and the sponsor was held on
%fif December 9. It was decided at this conferancs to obtain ballistic propoer-
Eiif ties from each stesl at thress different hardness levels and to lower the
Egi: carbon content of all heats made subsoquently to the ,30-.35% range.

tf’* Hardenability tests wers alsc addad to the program at this timo.

Ef?f “ Duplicate plates had been made on 21 hoats of the group tested on
R e A I s e e
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26.
Decembor 8, but five of theso platus had becn used in comparativo tosts of
the effect of surface decarburization. Flans waere macde to hzat traat the
remaining 16 platos to 400-420 Brinsll and to rodraw those which had buon
tested at the 350-370 Brinzll lavel to 310-330 Brinoll, thus making it
possibla to obtain ballistic properties at thres hardnsss levels. Other
heats, raquired to meke up the original 41 compositions and two additional
"bass alloy" heats, wsro to bs remade and cast into ingots large enough to
obtain thre¢ plates from each hoat.

The work of romaking and of h:at troating the 27 new steols was
startud immediately after tho confusrancs, and the 81 plates from this group
warce shipped to Watertown January 30, 1942. A progress raeport containing
date relating to the making and to tho heat treating of tha 27 nasw hoats
was compiled February 6, 1942.

In the msantime, redrawing of ths plates which had been tostod at
tha 350-370 Brinell level and the heat trestmont of the 16 duplicate platcs
from the orizinal had bson completed. Ballistic tosts were nade and tho
plates roturnzd for cross-saction hardncss surveys. The present report
includos data under thz following heads:

1. Ballistic test results from thz oripinal zroup of 32 specimans
tosted at the 350-370 Brina2ll rangc.

2. Investigation of tho sffect of surface docarburization.

3. DBallistic test results from 22 platzs rodrawn to the 310-330
Brinsll ranse.

4, Heat trsatment of 15 duplicats plates to ths 400-420 Brinocll levol.

5, Ballistic tests rosults from thz 16 duplicatz plates.

6. Jominy hardznability tosst results from all heats, with the

exception of the 27 compositions included in tho Fobruary 6

report.
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N B Data ocomprising this report will be followed soon by those relating
Te to ballistic properties and to cross-section hardness survoys of the 27
heats (8l plates) now at Watertown. That division of the work will complete

the study of all of the 43 compositions outlined for the preliminary part of

' the armor plate investigation.

SUMMARY

A list showing the compositions for the group of 32 armor plate
specimens is included for referonce in fable 4.

Ballistic limits and hardness values are givon in Table 5. The
extent of spalling, or dogree of ductility, as shown by fracturss on tho
exit surfaces of the plates, is shown by photographs in Fizures 32 to 63,
inclusive. The unusually high carbon plates shown in Figures 59 to 63,
inclusive, can be thrown out immediately becauss of low ductility. No
correlation between ballistic limit and composition can be pointed out

among the other steels. lasat No. 7276, for example, shows tha highest

ballistic limit (2316 ﬁ/s) of all, and it is a plain carbon steel excaspt
for a manganesa content of 1.07%. Table 5 also shows the heats arranpged
according tec decrsasing hardness, th® hardness in this case varying from
375 to 341 Brinell. With the possible exception of No. 7279, no distine-
tion on the basis of hardnsss (within this group) seums to be justified.

A comparison of ballistic limits from plates machined to remove
surface decarburization with duplicate ones having rolled surfaces is ziven
in Table 6. No significent diffsrcancos are shown. However, in view of the
fact that surface Brinell readings on the rolled plates ware no lower than
the true core hardness, this test only shows that practically no decarburie

zation occurred with these particular compositions.

.
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Twenty-two plates, which had been tested for ballistic properties
at the 350-370 Brirell range, were redrawn to 310-330 Brinell. Ths hard-
ness values obtained and the final drawing temperstures employed are shown
in Table 7.

After ballistic tests had been made, the redrawn plates were sur-
veyed for cross-section hardness at points near where the ballistic limits
had been determined. The ballistic limit and the average cross-section
hardness values are given in Table 8. This table also shows the heats
arranged in order of descending hardness, and the corresponding ballistic
limits are given. There is no noticeable treund of ballistic values with
respact to compositions, nor is there, within the range covered for this
lot of steels, a correlation betwsen hardness and ballistic limit,.

Sixteen duplicate rolled plates were heat treated to the 4C0-420
Brinell range. Data relating to the quenching end drawing treatmonts are
given in Table 9. The plates wera tested for ballistic propertiss and then
surveyed for hardness over a cross-section near the location at which the
ballistic limits were determined.

Ballistic limits and avorage hardness values from the 16 duplicate
platss are given in Table 10. No correlation betwoen composition and
ballistic limit is especially noticeable. 1In this table, the heats have
teen arranged in a descending order according to hardness. With the
possible exception of thz two heats which are below the specified rangs,
no distinetion can be made on the basis of hardness.

It has not beon posasible to observe a relationship between hardness
and ballistic limits in the various groups of plates so far considsred when
the variation in hardness is no more than would be asxpocted at a given levul.
This is probably true because ths cxperimental error in ballistic limit
determination is great snousch to mask out the effect of small hardnsss

variations.
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Ballistic limit and hardness valuos wore obtained on eixteen haats
at thras difforent hardness levels, Tho results wero plotied as curves
which are given in Figures 84 to 99 incluslve.

Jominy hardonability tests wers made on armor plate steels produccd
at Battelle previous to those cited in the February 6 report, with the
oxesption of the high carbon onoes which shattered under test., Curves show-
ing hardness waluas plotted against distunce from the quenched end of the
hardonability test specimen ars given as Figurss 100 to 145, inclusive.

The 16 heats from which ballistic properties ware obtainad at three
different hardness lovels (s:c Figures 84 to 99, inclusive) were selected,
along with the 27 heats listsd in the Fabriiry 6 report, to indicate the
hardcnebility characteristics of thoe original group of 43 compositions.

Bar graphs wei's made showing a comparison botwsen the harduness of all

'S; compositions at six diffarent distances from the quonched end (Figure 146).
Each single bar graph is a hardness chart for all tho stesls at a given
distance from the quenched end of tha spccimonj together, the bar graphs

represcnt a hardenability chart from which comparisons can casily be made.

EXFERIMENTAL WORK

The Novambor 28, 1941, prograss report included data in connection
with the makingz and the hoat trsating of a group of 32 exparimental armor
plate specimens. Dilotometor curvaes, showing the locations of the critical
points, and photomicrographs giving the structuras of the as reolled platoes
wer3 included.

At the time the Novombar 28th rsport was written, ths plates had
Just boen shippod to Watertown and no final results had bssu obtainad.

Since that time, some additional investigations have been made end complete

D st Sl S cadonate .t had amamts e ta el oala e e T ta e
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rasults are en hand.
It will be necasgsary later to refer freguently to wvarious heet
numbers, so a .list showing the compositions of the armor plate specimens

is included in Table 4.

A. Ballistic Test Rasults

The specimens tested in this group had been heat treated to thse
350-370 Brinell range with tha exception of the two austenitic cast irons -
Heats 7358 and 7476. With ons exception, Heat No. 7281, the plates were
rolled to 5/4 inch and then mashined to {inal thicknsss. Ths average
Brinell hardness and the ballistic limit valucs are given in Table 5.

In addition to ballistic limit deoterminations, one high velosity
.50 cal. bullet was fired as an impact test. Photographs of the plates

listed in Table 6 are shown as Figures 32 to 63 inclusive.

B. Investigation of the Effect of Surface Decarburization Upon

Ballistic Properties,

A group of plates, representing five heats, were rolled to L/Z inch

b in thickncss, and no effort was made to eliminate decarburization., These

plates were heated in oir and then guenched and tompered in the usual

:}: manner. Sach plate was drawn to a surface hardnsss of 350-370 Brinell.

After the five plates had been tested for ballistic properties,

- the back surfaces were photogzraphed. Those viows are shown in Figures 64

to 68, inclusive, (see Fijures 41, 47, 49, 52, and 55 for views of the

iy comparable machined plates from thess hasats). Subsequently, these plates,
and also the five duplicate machined spacimens, were cut for cross-section
hardness survecys. Results from ballistic limit determinations and the
hardness surveys are given in Table 6.
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TABLE 4. CHEMICAL COMPOSITION OF ARNOR PLATE STEELS
Plate .
Number %C %in %Si %Ni %Cr %Mo A %Cu
7111 .46 1,58 .20 .10/.20
7276 60 1,07 .30
7277 .39 .35 .23
7278 47 .91 .26
7279 .40 .91 95  1.3/1.6 .70/.90
7280 .35 .92 .28  1.3/1.6 .70/.90 .20/.30
7281 .36 1.63 30 1.3/1.6  .70/.90 .25/.35
7326 .30 .73 .20 .90/1.1
7327 .35 .88 .26 2.3/2.7
7328 .34 .89 .20 1.3/1.7 .35/.45
7329 34 .88 .25 1.3/1.7 .10/.20
7330 .46 .86 .24 .25/.35 .10/,20
7340 .46 .84 .29 .25/.35
7341 .34 .94 1,06 .90/1.1 .35/.45
7342 .46 77 .25 .90/1.1  .26/,35 .10/.20
7343 .45 .79 .19 1.1/1.3 .60/.80 .20/.30
7344 .46 o7 .20 +20/.30
7345 44 1,54 .28 1.4/1.6
7347 .34 .83 .26 .90/1.1 1.4/1.6
7348 47 1.48 .32 .40/.50 «50/.50
7349 .46 .71 .24 «40/.50 +30/.50
7360 .46 .80 .23 .40/,50 1.0/1.5
7361 W46 1.49 .29 .40/.50 1.0/1.5
7362 .44 1,11 1,03 1.3/1.6
7353 .45 .84 .73
7354 .45 .88 1.71
7355 .46 .78 1,07 .40/.50 .
7356  1.02 .52 1.10
7357 1.26  1.57 .22 .40/.60 3.0/3.25
7360  1.17 .61 1,31
7358  3.23 10.4  2.85
7476 2,55 8.0  7.29
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TABLE 5. HARDNESS AND BALLISTIC LIMIT VALUES FROM THIRTY-TWO
ARMOR PLATE SPECIMENS

Heéts Arranged in Ordér 6f

Nature  Average* Ballistic Decreasing Hardness
Heat of Plate Brinell Limit Heat Brinell Ballistic
No. Surface  Hardness £./s. No. Hardness  Limit, f./s.
7111 Machined 363 2259 7350 375 2246
7276 " 357 2316 7328 375 2237
7277 " 366 2142 7345 371 2268
7278 " 369 2250 7349 371 2260
7279 " 341 2149 7362 370 2242
7280 " 365 2291 7327 370 2209
7281 Rolled 369 2276 7351 369 2135
7326 Machined 268 2264 7345 369 2170
7327 " 370 2209 7330 369 2203
7328 n 375 2237 7281 369 2275
7329 " 366 2193 7278 369 2250
7330 n 369 2203 7326 368 2264
7340 " 363 2220 7329 366 2193
7341 " 2355 2181 7277 366 2142
LY 7342 " 365 2289 7342 365 2289
7343 " 363 2293 7280 365 2291
7344 " 351 2235 7347 363 2150
7345 n 371 2268 7343 363 2293
7347 " 363 2150 7340 363 2220
7348 " 369 2170 7111 363 2259
7349 " 371 2260 7355 362 2215
7350 " 375 2246 7354 358 2300
73561 " 369 2135 7276 257 2316
7352 " 370 2242 7341 355 2181
7353 " 347 2220 7344 3561 2235
7354 " 358 2300 7353 347 2220
7366 " 362 2215 7279 341 2149
7356 " 365 2300 (Shattered)
7357 " 363 Shattered
7358 Cast 359 Shattered
7360 Machined 363 Shattered
7476 Cast 278 Shatterod

These are surface hardness readings.
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TABLE 6. THE TFFECT OF REMOVING SURFACZ DECARBURIZATION
BY NACHINING UPON BALLISTIC PROPERTIES
Cross~- Ballistic
Section Equiv- Actual Limit
Hsat  Surface Survey, alont Brinell Volocity
No. Finish  Rockwell C* Brinell Surface Centor F./S.
7328 Machined 38 363 366 369 2237
7328 Rolled 38 363 368 369 2229
7343 Machined 37 352 353 346 2293
7343 Rollsd 38 363 362 364 2312
7345 Machined 37 352 361 358 2068
Qs 7345 Rolled 37 3562 361 358 2287
7349  Machined 37 352 361 351 2260
7348 Rolled 39 369 356 374 2309
7352  achined 38 363 363 353 2242
Rolled 36 341 337 350 2285

intervals over the cross~section.

* Average of 14 readings taken at staggesred 1/16"
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ﬁi . C. Ballistic Tests Results from Twenty-two Plates rudrawn to the
E- 310-330 Brinell Range.
b .
% It was suggested, at the Watertown masting, that plates which had
Y been tosted at the 350-370 Brinell range be rodrawn to a lower hardness.
‘: The original list of 32 plates was reduced by five (three high carbon stanls
: and the two austenitic cast irons) because thoss spacimons shattored.
Anothar five heounts had bzen uscd in the decarburization study; this laft

22 plates for redrawing.

Drawing time, tsmperature, and final hardnsss valucs obtained ars

listed ir Table 7.
The twonty-two rodrawn plates were tissted for ballistic propoertizs

at Watertown and then shipped back for cross-saction hardness surveys. The

hardnoss spacimons were cut from the plates nsar the location from which thse
ballistic limit was detsrmined. Averass cr-ss-scction hardness valuss and

tho ballistic limits from the rodrawn plates are listed in Table 8.

D. Hoat Troatmont of Sixtsun Duplicats folled Flates.

- m—_— AN Ak aun adh ol o T YT
- A ,-< . .
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-

The plates in this group wers hoatad in a salt bath, quenched, and

' immodiatoly placed in th: drawing furnace at 500° F., Two opposite corners
;f, were ground down to at laast 1/16", in all cases, and testad for hardnass.
;i Subsoguent drawing troatmants were given until the average hardniss was

¢ within the spacified range of 400-420 Brinall. Data covering quenching

‘ tempzrature, quenching medium, and successive and final drawing temperaturss
l; ars given in Table 9.

]
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TABLE 7.
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REDRAWING OF PLATES TO $10-330 BRINELL

Brinell Hardnees After Drawing'Treaﬁﬁonta—°F.

Final Treatment

LT CAETER RN

Plate Draw Drew Praw Draw Draw Draw .
Number No. 1 No. 2 No. 3 No. 4 No. & No. 6 Temp. (Ave.)
7276  950° 1000°
1 hr, 1 hr. 1000° 317
338 317
7277  750° 800° 800° 850°
% hr. 1 hr. 1 hre #nr. 860° 319
366 334 334 319
7278%  1000° 800° 900°
1 hr, 1 hr. 1% hrs. 900° 321
301 390 321
7279  1000°
1 hr. 1000° 321
321
7280  1100° 1125°
2 hr. 4 hr. 1126° 323
338 323
7281  1060° 1050° 1076° 1100°
1 hr. 1hr. % hr. % hr. 1100° 323
341 338 336 323
7111  1000° 1000°
1 hr. % hr. 1000° 325
337 325
7326%  900° 1000° 800° 800° 926°
1 hr. L hr. 1 hr. 1% hrs. % hr. 925° 324
344 305 385 337 324
7327 1050°
1 hr. 1060° 312
312
7329  1060° 1050° 1075° 1100° 1100° 1150°
1 hr. 1l hr. 3} hr. # hr. 1 hr. 4 hr. 1150° 321
352 342 339 338 330 321
7330  1060° 1100° 1125° 1160° 1176° 1200°
lhr. % hr. 1hr,, 1lhr, 1 hr. & hr. 1200° 323
363 352 346 336 325 323
7340  1080° 1080° 1075° 1100°
1 hr. 1 hre % hr. % hr. 1100° 326
341 345 336 326

"t .
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TABLE 7. (CONT.)

Brinell Hardness After Drawing Treatments-°F. Final Treatment

Plate  Draw Draw Draw Draw Draw __ Draw F.
Number No. 1 No. 2 No. 3 No. 4 No. B N>. 6 Temp. (Ave.)

7341 1160° 1150° 1176°

1 hr. 1 hr. 1 hr. 1175° 324
343 341 324

7342  1200° 1225°
1 hr. 2 hrs. 1226° 326
352 326

7344  1050°
1 hr. 10560° 320
320

7347  1000° 1000°
1 hr. % hr. 1000° 329
336 329

7348  1160° 1150° 1176°  1200°
1 hr. 1 hr. 1 hr, %hr. 1200° 321
339 339 333 321

7360  1050° 1100° 1126°  1160°
1 hr. 2 nhr. 1 hr. 1 hr. 1150° 326
361 351 341 326

7361  1150° 1150° 1175° 1200°
1 hr. 1 hr. 1 hr. £ hr. 1200° 317
345 346 333 317

7363*  950° 1000°  800° 900° 950°
1 hr. 1 hr. 1 hr. 11 hrs. #% hr. 950° 326
334 307 412 344 326

7354  1000° 1000°  1080°
1 hr. 1 hr. 1 hr. 1050° 326
343 341 326

7355  1160° 1150°  1175°
1 hr. 1l hr. 2 hr. 1175° 323
333 330 323

. e S S A A S |

Plate numbers designated by an asterisk (*) were requenched after
unintentionally drawing below the specified hardness level.

e
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TABLE 8. RESULTS OF BALLISTIC LIMIT DETERMINATIONS AND CROSS~
SECTION HARDNESS SURVEYS FROM THE TWENTY~TWO REDRAWN

PLATES

e e e e e e e e

e
e

Heats Arranged in Order of Decreas-

ing Hardness
Average Crosgs- Balliatic

Heat seotion Hardnress Limit Heat Brinell Ballistio
No. (Equiv. Brinell) £./8. No. Hardness Limit, f./s.
7111 312 2157 7326 339 2124
7276 297 2182 7281 338 2190
7277 277 2187 7353 336 2183
7278 330 2187 7360 3383 2123
7279 319 2162 7278 330 2187
7280 3822 2202 7354 328 2247
7281 338 2190 7280 322 2202
7326 339 2124 7340 321 2123
7327 306 2104 7342 319 2176
7329 307 2131 7279 319 2162
7330 303 21567 7341 319y 2108
7340 321 2122 7347 316 2171
7341 319 2108 7111 312 2157
7342 319 2176 7355 307 21560
7344 302 2122 7329 307 2131
7347 316 2171 7327 305 2104
7348 304 2132 7348 304 2132
7350 333 2123 7530 303 2157
7351 291 2094 7344 302 212¢
7363 336 2183 7276 297 2182
7354 328 2247 7361 291 2094
7365 307 2150 7277 271 2187
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38.

E. Ballistic Test Results From the Sixteen Duplicate Rolled Flates.

The plates were tested for ballistic properties at Watertown and
returned to Battelle. The back surfaces were photographed and these views
are shown as Figures 69 to 83, inolusive. kesults of the cross-section

hardness surveys and of the ballistic limit determinations are given in

Table 10.

TABLE 10. RESULTS OF BALLISTIC LIMIT DETERIINATIONS
AND CROSS-SZCTION HARDNEZSS SURVEY FROM
SIXTEEN DUPLICATZ ROLLED PLATES

Heats Arranged According
to Descending Hardness Values

Average Cross- Ballistic Average  Ballistic
Heat Section Hardness Limit, Heat Brinell Limit,
No. (Equiv. Brinell) £./s. No. Hardness f./s.
7111 404 2445 7329 421 2455
7326 420 2245 7326 420 2245
7327 414 2362 7340 418 2318
7329 421 24556 7350 418 2366
7330 404 2412 7355 417 2427
7340 418 2388 7327 414 2362
7341 413 2230 7341 413 2230
7342 409 2410 7347 410 2274
7344 380 2267 7351 410 2426
7347 410 2274 7342 409 2410
7348 402 2345 7111 404 2445
7350 418 2356 7330 404 2412
7351 410 2426 7354 404 2417
7353 379 2328 7348 402 2345
7354 404 2417 7344 390 2267
7355 417 2427 7353 379 2328

s ey
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F, Correlation of Hardness and Ballistic Limits.

Cross-section hardness surveys were not madv, of course, on the
plates which were tested for ballistic properties at 350-370 Brinell and
subsequently drawn back to 310-330 Brinell. All of the other plates,
including those tested at both the 400-420 and the 310-330 levels, werse
surveyed after ballistic tests had been run. The results are shown in
Table l1.

Ballistic tost results are available at three hardness levels for
16 steels and at two hardness levels for a feow others. Ballistic limit
valuss have been plotted against hardness for the 16 heats from which
complete data are available. The resulting curves are shown as Figures

84 to 99, inclusive.

G. Jominy Hardenability Study.

End quench hardenability tests weore made on the remaining hoats
studied to date, using the oquipment and the procedure described on pages
12 and 13 of the February 6, 1942, report. Individual curves showing the
hardenebility of the various stoels are given as Figures 100 to 145,
inclusive.

To facilitats comparison of the hardennbility characteristics, bar

graphs were made showing the hardness values at points 1/13", 1/2", 3/i%, 1n,

1~1/2", and 2" from the quenchod enda of the Jominy tost specimens. Tho
heats included in these bar graphs are the ones from which ballistic
propsrties are being doterminad at three hardncss leovels. Tho graphs are

shown in Figure 146.
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CROSS-SECTION HARDNESS SURVEY ON ARMOR PLATE SPECIMENS
AFTER BALLISTIC TESTING

TABLE 11.

L e e e e SO

[ LY

ORI S, R WAL W O

- - .= - T e ~ T - . " .
T A N0, WY W V- T U A R A S S SR S WA W B )

Desorip-
tion of Rockwoll "C" Hardness Locations Average Ballistioe
Heat Plate Equiv. Limit
No. Surface 1/16" 1/8" 3/16" ¢ 3/16" 1/8" 1/16" Brinell  f./s.
7111-320 Machinod 34 36 34 33 34 54 33 312 2157
7111~-410 As rolled 43 43 43 43 43 43 43 404 2445
7276-320 Machined 32 81 32 31 32 35 33 297 2182
7277-320 Machined 36 2B 2% 23 24 29 3 277 2187
7278-320 Machined 36 36 36 36 36 36 36 330 2187
7279-320 Machined 34 34 35 36 36 36 36 319 2162
7280-~320 Machined 35 35 35 35 35 36 36 322 2202
7281-320 As rolled 36 36 37 37 37 37 36 338 2190
7326-320 Machined 34 37 37 38 I8 37 26 339 2124
7326-410 As rolled 43 44 45 45 45 45 44 420 2245
7327-320 Machined 33 33 3% 93 38 33 33 305 2104
7327-410 As rolled 43 43 44 44 44 44 44 412 2362
7328-360 Machined 38 38 38 38 38 38 I8 362 2237
7328-360 As rolled 38 38 38 38 38 38 38 362 2229
7329-320 Machined 32 33 34 34 34 33 33 307 2131
7329-410 As rolled 44 456 45 45 48 44 44 421 2455
7330-320 Machined 32 31 F2 33 33 34 34 303 21567
7330-410 As rolled 43 43 42 43 43 43 44 404 2412
7340-320 Machined 35 34 36 36 35 35 35 321 2123
7340-410 As rolled 45 44 44 45 44 44 44 418 2328
7341-320 Machined 34 36 36 35 34 356 356 319 2108
7341-410 As rolled 43 44 44 44 44 44 44 413 2230
7342-320 Machined 34 34 36 36 36 35 36 319 2176
7342~410 As rolled 43 44 344 43 43 44 43 409 2410
7343-360 Machined 36 36 36 36 37 36 36 332 2293
7343-360 As rolled 39 38 38 38 39 39 39 362 2312
7344-320 Machined 34 33 31 30 3l 34 356 302 2122
7344-410 As rolled 42 43 4 42 43 4] 11 390 2267
7345-360 Machined &7 87 37 3T 38 36 38 342 2268
7345~360 As rolled 36 31 37 37 37 37 36 342 2287
7347-320 Machined 34 38 33 33 34 34 34 316 2171
7347~410 As rolled 44 44 43 43 44 44 43 410 2274
7548~320 Machined 33 33 32 33 33 33 83 304 2132
7348-410 As rolled 41 41 42 43 44 44 45 402 234b
7349-360 Machined 37 36 36 37 &7 35 36 332 2260
7349-360 As rolled 39 39 39 39 39 39 39 362 2309
. 7350-320 Machined 36 37 36 36 38 37 35 333 2123
s 7360-410 As rolled 44 44 44 456 45 44 44 418 2366
g 7351-320 Maochined 31 31 31 31 31 32 31 291 2094
- 7351-410 As rolled 43 44 44 44 43 43 44 410 2426
- 7352-360 Maohined 38 38 a8 37 38 38 38 382 2242
3 7352-360 As rolled 36 36 37 37 37 37 36 332 2286
.! 7353-320 Machined 36 37 36 36 37 37 36 336 2183
t 7353-410 As rolled 41 41 4] 41 40 41 40 379 2328
o 7354-320 Machined 34 36 36 36 &6 37 36 328 2247
ﬁf 7354-410 As rolled 43 43 43 43 43 43 &3 404 2417
2 7356-320 Maochined 33 34 33 33 33 34 33 307 2150
4 7365-410 As rolled 45 44 4 43 44 45 44 417 2427
rv,..
LI
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4l.
DISCUSSION.,

Thz major function of the alloying elements, othar than carbon,
soems to ba to produce full hardening with slower cooling rates. The amount
of alloying elements and their selection are, thsrefore, governsd to a
great extent by the thickness of the plate to be hant treated.

The bar graphs shown in Figure 146 aro adequate for making com-
pariscns between the various steels, nd a stoel whese composition is known
to bshave satisfactorily for certain plate thicknsesses may bs compared with
the other cumpositions accordingly. It is difficult; however, from avail-
able data on hardness at a given distanco from the quenched end, te calculate
the limiting plate thickness through which the particular stesl would hardon
undar given quenching conditions.

Jominy and Boagchold have worked out a relationship botwoesn the
hardness at stated distances from ths quonched end of the standard bar and
thsz diameter, of the same steol, which will just harden to the centar.
Cooling ratos were determined and a curve constructod showing ths cooling
volocity at intorvals along the standard bar. Cooling velocitios ware then
determined at the center of round sections with varlous diamcters. Working
on the premise that, for a spocimen of a giveon stsel, two different locations
having the same cooling rate will show the seme hardnoss, it was found

posaible to deteormine, from the hardenability test data alone, what diametsr

a
b~

would fully harden to the centar.
[ Similar data could be worked up for plates instead of rounds. Cool-
?;v ing velocitizs would bz determined at tho centers of platss representing a
;5# number of cross=-saections. Cooling velocities would than be taken at
r.. ‘ intervals along a standard hardenability tost bar turned from one of the

platas. Curves zould be drawn by plotting coolinp velocity azainst distance
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from the quonchad end of tho Jominy specimon in onw casz, and cooling
velocity against plate thicknoss in anothar. Subsaquently, it would bo
possibla to note tha distance from ths quonched ond of tho hardonability
specimen at which a hardness of, say, 50 Rockwell C was found, obtain the
cooling velocity corresponding to this distance, and check the other curve
to determine what plate thickness would have the seme coeoling velocity.
Another method for evaluating the hardenability curves to show
approximately what thickness of plate could be made to harden throughout
the cross-section is shown by the curves in Figure 147. For exauple, pick
the point of maximun deflection from the hardcnability curve of Heat 7353
as being 36 kockwell C. Measure
the distance of this point from the
hardness axis and place this
messured distance along tho abscissa
of Figure 147. The corresponding
points read from the curves and the
ordinate give values of Q/S in. for
an oil quenched plate and 1-1/5 in,

for a water quenched plata. These

L U values are the "critical thick-
T nesses" for oil and water quench
respactively, using e severity of
quench of H=0.6 for oil and H=1.8 for water. The "critical thickness"
(Hardening Characteristics of Steels - by Asimow & Grossman, Transactions
:t of the A.S.M., Dec. 1940, p. 951) is defired as that plate thickness which
is just half hardened (50% martensits) at the center cross-section of the

plate. It should also be pointed out that this same process of using the

curves of Fipgure 147 could be reverssed. For instance, 1f it is desired to

S et
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43.
soo what would be the conter hardness of a 1/2 in. thick water quenched
plate for Heat 7353, it would Le found %o be 57 Rockwsll "C" and 56 Rock-
well "C" if oil quonched. This indicatss that the plate could be sither
water or oil quenched and have {ull hardness throughout the cross=-saction.
However, consider the case of a 1 in. thick plate. Water quenching will
give a center hardness of 48 Rockwall "C" but oil quenching givos an
antirely unsatisfactory valus of 29 kockwall "C",

In using this curve, it must be kapt in mind that it gives an
approximate or comparable trend, and not an exact valuo. A brief deriva-
tion of the curves of Figuro 147 will show why. Grossman (Hardenability
Calculated From Chemicael Compositions, Metals Technology, preprint T.P,
No. 1437, p. 26, Figure 28) shows a chart for estimating idoal critical
diameters of round bars from the Jominy distance. Sincc this chart was
based on o standard 1 in. diamoter Jominy bar, a pcssibla error would
rosult in reading from the chart and also from the small difference that
may axist in hardenability betwoen u 1 in,., and a 1/2 in. Jominy bar., After
obtaining the ideal critical diamotors of round bars from a numbsr of
corresponding Jominy distances, the nsxt step is to convert the ideal
critical diameter valuss of rounds to ideal dinmeter thicknasses of plates
by using the formule Ly = —TgéTT_ where Ly is the ideal plat: thicknass
and Dl is the ideal round bar diameter (Hardening Charactoristics of
Various Shapes -~ by Asimow and Grossman, Transactions of tho A.S.M.,

Dec. 1940, p. 964). Tho constant 1.377 used in the formula haes been
criticized but is probably us good as any othor which has been proposed.
Changing thez ideal criticel plete thickness, Ll’ to the critical plate
thickness, L, probably introducos the grz2atoest srror of all because it
involves estimating the actual scvority of quench used. Grossman (Hardene

ability Calculatcd from Chemical Composition, Mstals Tcchnology, preprint
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T. P. No. 1437 p. 28) ctatss that his oripinal publication presonting
quantitative deta urdoubtedly uscd a savority of quench which now uppoars
Yo have bean too hish., Acknowladging Lut disregarding, because of the
approximate data, the orror which would result in using Grossman's proviously
publishad curves (Hardening Charactoristics of Various Shap:s ~- by Asimow
and Grossman, Transactions of tho A.S.ki., Disc. 1940, pp. 954 and 955,
Figurcs 5 and 6) showing the ralationship betwsen ideal critical thicknoss,
Ll' critical thicknoese, L, and soverity of quaench, H, a number of L valuas
warz obtained using an cstimated saverity of quanch for our apparatus of
H = 0.6 for oil and H = 1.8 for wator. Thu Loil and Lyotop Velues wara then
plotted against the distance, J, from the quenched end of a Jominy test
pieco.

Table 12 gives the calculatoed values for the various conversions

which wzre used to construct Figure 147,

TABLE 12. CONVERTED VALUSS FROM JOMINY BAR TO PLATE THICKNESS

J Dy L L(oi1) L(vator)

0 Q.77 0.56 0.09 0.25

0.2 1.66 1.21 0.42 0.79

0.4 2.55 1.85 0.87 1.40

0.6 3.30 2,40 1.31 1.87

0.8 3.97 2.88 1.65 2.35

1.0 4.50 3.27 2.00 2.75

1.2 5.00 3.63 2.31 3.10

1.4 5.42 3.94 2.59 3.38

1.6 5.80 4.22 2.88 3.70

® 1.8 6.14 4.46 3 .08 3.90

.- 2.0 6.44 4.68 5.29 4.11
-
o J =~ Distance in inchos from the quonched end of a Jominy test bar.
& Dl - Idecal critical diamoter ol round bars - inches, Diameter of
L bar just fully hardenzd at conter for the porfact gquench.
| @ Ly - Ideal critical thicknoss of platss - inches. Thickness of plate
. for conditions montionsd for Dy.
o L(pi1)Critical thickness in inches of a plate quonched in oil with &
h sevarity of quench, H = 0.6,
&{j L(watar) - Critical thicknasc in inches of a plat: quenchcd in water
i’ with a s2vority of quench, H = 1.8.
¢
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45.

Considering now the relation betwesn ballistic limit and hardness,
four specimens from the list of 48 shown in Table 11 upon which crogs-
section hardneéss surveys were made, are more than 10 Brinell numbers out of
the specified range. ZIwo of these four hoats, 7276 and 7277, showed soft
centers indicating a lack of sufficient hardness penetration. Since original
Brinell readings were taken ncer the surfaces, instead of over the cross-
sections, this condition could not be foreseen, nor could it have been
remedied in any case.

After ths cross=-saction hardness survey, hardness tests were made on
the coupons cut from the ends of the other two plates, 7351 and 7383. The
readings checked fairly well with the original ones whicn indicates some
irregularity in hardness of the corners as compared to the centars of these
plates.

Too faw tests were made, of course, tn warrant drawing smooth curves
betwesn the points in plotting the ballistic limits against hardness values.
The geraeral trand, however, may be shown by averaging ballistic limits and
hardness values from the 16 heats upon which ballistic limits were detwsrmined

at three different hardness levels.

e et —o—
——por—

"310-330 Brinell Range 350-370 Brinell Rango* 400-420 Brinoll Rangs

Ballistic Lquiv. Ballistic  tquiv. Balllctlc Equiv.
Eeat Limit, Brinell Limit, Brinell Limit, Brinell
lo. Ft./Sec. Hardness Ft./Soc. Hardness Ft./Sec. Hardnass
7111 2167 312 2259 - 2445 404
7326 2124 339 2264 -——— 2245 420
7327 2104 305 2209 - 2362 412
7329 2131 307 2207 - 2455 421
7330 2157 303 2203 - 2412 404
7340 2123 321 2220 ——— 2388 418
7341 2108 319 2181 - 2230 413
7342 2176 319 2289 .- 2410 409
7344 2122 302 2235 -— 2267 390
7347 2171 316 2150 - 2274 410
7348 2132 304 2170 - 2345 402
7360 2123 333 2246 - 2556 4118
7351 2094 251 2135 - 2426 410
7353 2183 336 2220 -——— 2328 379
7354 2247 328 2300 --- 2417 404
7355 2150 307 2215 -—— 2427 417
Average 2148 15 2218 7361 4708

PP P SR o

* (ross-aection hardness surveys were not mada.
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46,
When the results from the 27 heats which arc now being tested are

in, the values for ballistic limits can be plotted apgainst hardness for the

purpose of showing the trend.

FUTURE WORK

Flans for futurs work includs a cross-section hardness survay on

=
b
[

ths 81 plates which are now at Watertown for ballistic testing. After this

VIR
4. 5

4

A "

. 4
[

3

work is comploted, it is understood that a conferencse will be held for the

v
.

purpose of picking out a faw of tho more promising compositions so that

a mors exhaustive study of their possibilities as ermor plats stoels may

- b3 carrisd out.
é

e T e o

- QO Data from which this raport was wiritten arc recorded in Laboratory

Hotebook No. 615, pugss 69 to 99, inclusivse, and Laboratory Notebook Mo,

849, pages 4 to 46, inclusiva.
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13700
Figure 32. Heat No. 7111. Back of plate after ballistic tests.
Ballistic limit: 2259 feet per second, .30 cal. A. P. bullet.
Avernge Brinell-363. Photograph 1/2 Actual Size.

13706

, ! Figure 33. Heant No. 7276. Back of plate after ballistic tests.
) Ballistic limit: 2316 feet per second, .30 oal. A. P. bullet.
Average Brinell1-257. Photograph 1/2 Aotual Size.
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13696
Figure 34. Heat No. 7277, Back of plate sfter ballistiec tests.
Ballistic limit: 2142 feet per second, .30 cel.A., P. bullet.
Average Brinell-366. Photograph 1/2 Actual Size.

15699

Figure 35. Heat No, 7278. Back of plate after ballistic tests.
Bellistlo limit: 2250 feet per second, .30 cel, A. P. bullet.
Averege Brinell~369. Fhotograph 1/2 Actual Size.
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Figure 36. Heat No. 7279. Back of plate after ballistic tests.
Bellistic limit: 2149 feet per second, .40 cel. A. P. bullet.

Average Brinell-341., Photograph 1/2 Actual Size.

"] Figure 37. Heet No. 728C. Beack of plate efter ballistic tests.
Bellistic limit: 2291 feet per second, .30 cal, A. P. bullet.
Averspge Brinell- 365. Fhotogreph 1/2 Actuael Size.
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13702
Figure 38, Heat No. 7281. Back of plate after balllstic tests.
Bellistic limit: 2275 feet per second, .30 cal. A. P. bullet.
Average Brinell- 369. Photogreph 1/2 Actuel Size.

vaY{ e oa g

Figure 39, Heat No, 7326. Back of plate after ballistic tests.
Ballistic limit: 2264 feet per seocond, .30 cal, 4. F. bullet.
Average Brinell-368. Photograph 1/2 Actual Size.
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51.

Figure 40. Heat No. 7327. Beck of plate after ballistio tests.
Ballistic limit: 2209 feet per second, .30 cal. A, P. bullet.
Average Brinell-370. Photogreph 1/2 Actual Size.

S 13411
&! Figure 41. Heat No., 7328. Back of machined plate efter ballistic
= R tests. Ballistic limit: 2237 feet per second, «30 cal. A. P. bullet.

Rockwell "C" crosse-section hardness survey: 38, 38, 38, 38, 38, 38, 33.
Average equivelent Brinell-352. Photograph 1/? Actual Size,
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13707
Figure 42. Heat No. 7329. Back of plate after ballistic tests.
Ballistiec 1imit: 2207 feet per second, 30 cal. A. P. bullet.
Average Brinell-366. Photogreph 1/2 Actual Size.

Figure 43. Heat No. 7330. Back of plate after beallistic tests,
Ballistic limit: 2203 feet per seocond, .30 cel. A. P. bullet.
Average Brinell-369. Photogreph 1/2 Actuel Size.
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13708
Figure 44. Heat No. 7340. Back of plate sfter ballistic tests.
Ballistic limit: 2220 feet per second, .30 ocal. A. P. bullet.
Average Brinell-363. Photograph 1/2 Actuel Size.

13704
Figure 45. Heat No. 7341. Back of plate after bellistic tests.
Ballistic 1limit: 2181 feet per second, (30 cal. A. P, bullet.
Average Brinell-355, Phatogreph 1/2 Actusl Size,
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‘ Figure 46. Heat No. 7342. Back of plate after ballistic tests.

: Ballistic limit: 2289 feet per second, .30 cal. A. P. bullet,
Average Brinell=365. Photogreaph 1/2 Actual Size.

DY

13410

Figure 47, Heat No. 7343. Back of machined pluate after bsllistic
tests, Ballistic limit: 2293 feet per second, .30 cel. A. P. bullet.
Rockwell "C" cross-section nardness rurvey: 36, 36, 36, 36, 37, 36, 36.
Averrge ®quivelent Brinell-332. Photogreph 1/2 Actual Size,
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Figure 48. Heat No. 7344. Back of plate after ballistic tests.
Bellistic limit: 2235 feet per second, .30 cal. A. P. bullet.
Average Brinell-351l. Photogreph 1/2 Actual Size.

13403
Figure 49. teat No. 7345. Brck of mechined plate after ballistic
tests. Ballistic 1limit: 2268 feet per second, .30 cal. A. P. bullet.
Rockwell "C" tross-section hardness survey: 37, 37, 37, 37, 38, 36, 38.
Averege ogulvulent Brinell-342., Photograph 1/? Lctunl Size.
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Figure 50. Heat No. 7347. Back of plate after ballistic tests.
Ballistic limit: 2150 feet per second, .30 cal. A. P. bullet.
Averege Brinell-363. Photograph 1/2 Actual Size.

13708
® Figure 51. Heat No. 7348. Back of plate after bellistic tests.
Ballistic limit: 2170 feet per second, .30 cal. A. P. bullet.
Averecge Brinell-369, Photograph 1/2 Actual Size.

L
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13407
Figure 52, Heat No. 7349, Back of machined plate after ballistic
tests., Ballistic limit: 2260 feet per seccond, .30 cal. A. P. bullet,

Rockwell "C" cross-section hardness survey: 37, 36, 35, 37, 37, 35, 36.
Average ®quivalent Brinell-332, Photograph 1/2 Actuel Size,

13711

Figure 53. Heat No., 7350. Back of plate after ballistic tests.
Ballistic 1imit: 2246 feet per second, .30 ocal. A. P. bullet.
Aversge Brinell-375, Photograph 1/2 Actual Size.
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13713
Figure 54. Heat No. 7351. Back of plate after ballistic tests.
Bellistie 1imit: 2135 feet per second, .30 cal. A, P. bullet.
Average Brinell-369. Photograph 1/2 Actuel Size.

| 13395

. Figure 55. Heat No. 7352. Back of machined plate after bellistic
tests., Ballistic limit: 2242 feet per second, .30 cal. A. P, bullet,
Rockwell "C" cross-section hardness survey: 38, 38, 38, 37, 38, 238, 38.
Average eguivalent Brinell~352, Photograph 1/2 Actual Size.
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Figure 56. Heat No. 7353. Back of plate after ballistic tests.
gellistic limit: 2220 feet per second, .30 cal. A. P, bullet.
hverage Brinell-349. Photogreph 1/2 Actual Size.
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13709
e Figure 57. Hest No. 7354. Beck of plute ufter ballistic tests.
N Ballistic limit: 2300 fectper second, .30 crl. A. P. bullet.
Averspge Brinell-358. Photogreph 1/?2 Actuel Size.
]

S
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Figure 58, Heat No. 7355. Beck of plate after ballistic tests.
Ballistic limit: 2215 feet per second, .30 cal, A. P. bullet.
Average Brinell-362. Photograph 1/2 Actual Size,

13693
P. Figure 59, Heat No. 7356. Beaclk of plete after ballistic tests.
b Ballistic limit: 2300 feet per seccnd, .30 ocal., A. P. bullet.
[ Average Brinell-365. Photograph 1/2 Actusl Sige.
[
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Fizure 60. Heat ¥
Ballistic limit not
Averag?

Figure 61. Heat lo.

Balli
Awversa
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rincll - 359.

¢
Srinell- 363. Photogranh l/é Actua

13695

determined, .30 cal. A. P. bullet.

1 Size.

1
7358. Bacl: of plate after ballist
1imit not ¢stermined, .30 eal. A. F. bullet

SLe

Photograph 1/2 Actual Size.

[}

i

No. 7357. Dack of plate after ballistic tests.
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Pigure 62.

Heat WNo.

7350.

Back of plate after ballistic tests.

Ballistic 1limit not determined,

30 cal. A F. bullet.

- Average Brinell- 363. Fuvtogravh 1/2 Actual Size.

15697
. 7476. vack of plate after ballistic tests.
determined, .30 cal., A. F. Bullet.
Photograph 1/2 dctual Size.

Figure 83. Hesat o
Ballistic limit not
Average brinell~ 275,
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13397
Figure 64. Heut No. 7328. Back of es rolled plate after ballistic
tests. Bellistic limit 2229 feet per second, .30 cal. A. P. bullet.
Rockwell "C" cross-section hardnecs survey: 38, 38, 38, 38, 38, 3&, &8.
Averege equivalent Brinell-352. Photogreph 1/2 Actusl Size.

13401

Figure 65. Heat No. 7343. Back of es rolled plete sfter ballistlo
tests. Bellistic limit 23172 feet per second, .30 cel. A. P. bullet,
Rockwell "C" cross-section herrdness survey: 39, 39, 3%, 39, 38, 39, 28,
Average equivalent Brinell-352. Photograph 1,2 fctual Size.
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13393
Figure 66. Heat No. 7345. Beck of es rolled plate after bellistic
tests. Ballistic limit 2287 feet per second, .30 cal. A. P. bullet.
Rockwell "C" crosg-section hardness survey: 36, 37, 37, 37, 37, 37, 36.
Aversge equivalent Brinell=-342, Photograph 1/2 Actual Size.

154056
Figure 67, Heet No. 7349. Bmok of plate after ballistic tests.
Ballistic limit: 2309 feet per second, .30 cal. A, P. bullet.
Rockwell "C" c¢ross-section hardness survev: 39, 39, 39, 393, 39, 39, 39,
Aversge equivalent Brinell~362. Photogreph 1/2 Actual Size,
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13399

Firure 68+ Heat No. 7352. 3Back of plate after ballistic tests,
Ballistic limit: 2285 feet per second, «30C cale Ae Ps bullet.
Rockwell "C" cross-section hardness survey: 36, 36, 37, 37, 37,

37, 36« Averape equivalent Brinell-332. Photograph 1/? actual
size.
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Firure 69. Heat 7111:410. Baca_of as *ollea plate after ballistiz
testse 3allistic limit: 2445 ft. per sece Cal. -30 AP. bullet. Zoclwell
ne" cross-section hardaess surve

v 45, 43, 43, 43, £3, 43, 43,. Composi-
tion: Oarbon .469 Silicon 207 angenese 1.587 vVanadium .10/.20}.
Averare equivalent Brinell 4£04. Photo*ra‘h 1/2 actual sizes

Figure 70. Ieat loe 75251410, 3ack of as rolled plate after
ballistic tosts. Ballistic limit: 00fh IL. nor secs  Jale «30 AP bullet.
“nclwell "C" cross-cectlion Yordness survey: 49, L&, 45, 45, 45, 45, 4%.
Compos¢tion: Corhon 307 Lanzancse «735 Silicon <207 nrc@ia? +00,/14207,
Average equivalent t 3rinell £2C. Fhoicgraph 172 actusl siz
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Figure 71. Heat Nos 7327:410. Beack of as rolled platc alter
ballistic tests. Ballistic limit: 2332 ft. poer secs Cals «30 4P. bullct.
Rockwell "C" cross-section hardness survey: 43, 43, 44, 44, 44, &0, b

v

Composition: Carbon «355 Manganese 887 Silicon +26° Chromium 2¢3/2.7%

Average ecquivalent 3rinell 412+ Photograph 1/? actual size.

14282

. Fipure 72. Heal Woe 7329:410. 3ack of as rolled plate after
ballistic toustse Ballistic limits 2455 ft. per sece Cale «3C AP bullcte
Rockwell "C" cross-section hardncss survey: 44, 48, 45, 4C, 45, 4be
Composition: Curbon «34: langonose «88% Silicon 25 Chromium 1.3/1.7
Vanadium +10/+.20 Averaro equivalent Brinell <21. 2Photornriph 1/2 actual
sizae
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Figuro 73. Heat No. 7330:410. Back of as rolled plate after
ballistic tostse Ballistic limit: 2412 ft. por sec. Cale «30 APs bullcts
Rockwell "C" cross~soction hardness survoy: 43, 43, 42, 43, 43, 43, 44
Composition: Carbon 465 Manponose 86% Silicon .245; Holybdenum «25/.35%

Vanadium .10/.20ﬂ. Averazc oquivelent Brinell 404« Photograph 1/? actual
sizoe.

14271
Firure 74. Hoat Hos 7340:410. Back of as rolled plate wfter
bollistic testss Ballistic limit: 2383 ft. per scce Cale «30 AP bullote
Rockwoll "C" cross-soction hardness survey: 45, &4, 44, 45, 44, 44, 44,.

Composition: Corbon .%6: lMangunosc «84% Silicon +29% idolybdenum +25/435.

Average equivalent Brinell 418. Photogreph 1/? octucl size.
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Firurc 73. Heat Foe 7321:410. 3acl of as rolled plate after
o3

)
pallistic testse DBoliistic limit: 2230 f4e. por scee Cal « 30 2P. bullot.
Roclwcll "O" cross-scetion hardnoss survey: 3, <h, Dhy iy hy hl, e

,
Composition: Corbon «3:7, lanrancsc <945 Silizon 1.08:. Chroaiun .90/1.105
>

3

o

« Photograph 1/2

i
/. , . . ,
57 Avsra ge cquivilent 3rincll 41

Lolyhdenum 35/ .4
actuel sizc.

Tigurc 76. 1ent lioe ”
»ellistic tostse 3allistic lind
Rwocloiell "C" cross-scebion hardness =
Composition: Carbon «46,0 liansaasse «77. Si .
linlybdenun .25/.35 Jenadiunm .10/-20ﬁ. ivoracs omrivalent Brinell <0S.
Photosraph l/? cctucl sizce

DLT 50Ce Cale o230 54Ps Bullote.
‘z .. . v e - . e
1

3 w0y Wy 2ty el
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14285

Figuro 77. Hoat Woe 734414106 3Bock of as rollod pleto after
ballistic tecstse Ballistic linit: 2267 ft. por scce Cal. «30 APe bullot.
Rockwell "C" oross-scction hardncss survey: 42, 43, <i, 42, 41, 4l
Composition: Carbon «465 llanpganesc +75% Silicon 207 Venadium «20/4307
Averape cquivalent Brinell 390e CFhotogroph 1/? cetual sizoe

14284

: Fipurc 78. Heat Nos 7347:41Cs  Back of as rolled plate aftor

- _ ballistic tests. Ballistic limit: 2274 ft. por scece Jale «30 AP bullete
Rockwoll "C" cross-scction hardnoss svrvey: 34, 38, 33, 33, 34, 34, 34
Composition: Carbon «3%% Mongonosc 8357 Silicon 4285 Chromium «90/1.10%
: Copper 1.4/1.67s ALvorapge equivalont Brincll <10. Photogroph 1/2 actual

] gizo.
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[@ Figure 79, Hout Nos 7348:410. Back of as. rolled plate after

ballistic testse. Ballistic limit: 2345 ft. per secs Calse «30 AP« bullot.

Rockwodl "C" cross-scetion hardnoss survey: 41, &1, 42, 43, 44, 44, 45.

Composition: Carbon 477 Manganoso 1.48% Silicon +32% lMolybdonum

.40/.507 Copper «30/+50% Avorago oquivalont 3rinell 402. Photograph
'S‘ 1/? actual sizc.
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[

N 14281

4 Fimurc 79a. Heat No. 7350:410. Back of as rollcd plato after

; bollictic tosts. Ballistic limit: 2356 ft. per scse Cale 30 AP bullet.
- Roockwell"C" cross-scction hardnoss survoys <44, 44, 4%, 45, 456, 46, 4%

N Composition: Carbon .46% Hangmosc «805% Sillcon +237 lolybdonum

. .40/+605%7 Copper 1.0/1.5% Avcrage oquivalont Brinoll <18 Photograph

; 1/2 actual sizo.
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Figure 80. Heat lios 7351:410. 3ack of as rolled plate after
ballistic tests. Ballistic limit: 242G ft. per sece $Cale 30 AP. bullet.
Rockwell "C" cross-section hardness survey: 43, 44, 44, 44, 43, 43, 44.
Composition: Carbon +46% Manganese 14495 Silicon «29% Molvbdenum
«40/.50% Copper 1.0/145%s Averape equivalent Brinell 410. rhotograph
1/? actual size.

14274

Firure 8l. Illeat Noe 7355:410. 3Back of as rolled plate after
ballistic tests. 3allistic limit: 2328 ft. per sec. Cale «30 iP. bullet
Rockwell "C" cross-saction hardness survey: 41, 41, 41, 41, 40, 41, 40,
Composition: Carbon «45 lenganese «845" Silicon «73,. Averane
equivalont Brinell 379. Photorraph 1/2 actual sizes
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Firgure 82. Ieat oe 7334:£10s 3ack of a&as rolled pleate after
hellistic testse Ballistic limit: 2417 ft. por sece Cale «30 4Ps bullot.
Rockwell "C" eross-section hardnoss survey: 43, 43, 43, 48, 43, 43, to
Composition Carbon «455. liensancse 355 Silicon 1.71%. Average cquiva-
lent Brinell 404. Photograph 172 actual sizce

: 14278
'. Firure 83. Hout lios 735::410¢ 3uck ol &5 rolled wlate ufter
,' hallistic testse. Ballistic limit: 2427 ft. por socee Cale «30 AP bullct.

5 .
Rockwell "C" cross=scetion herdness survey: 45, 44, 45, &7, 4, 45, b,
. 2 2
P . — C . s . . et v
Composition farbon o467 Lanponesc «73% Silicon 1.06° Molybdsauwn

.4Q/-CO%. Averame egquivaloent 3rincll <£17. Photograph 1/2 actual sizce
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Compositions of Meats Appoaring in Lar Graphs

............

Heat

Number T W i __Cr 10 v Cu T
7111 46 1,58 .20 .10/.20

7326 30 <73 .20 .90/1 1

7327 035 .88 026 .U/z 7

7329 .34 .88 .25 1.3/1.7 .10/.20

7330 .46 .86 .24 .26/.35 .10/.20

7340 46 .84 .29 .25/.35

7341 Y .94 1,06 «90/1.1 .35/.45

7342 46 77 .25 .90/1.1 .25/.36 .10/.20

7344 .46 o765 .20 «20/,30

7347 .34 83 .26 .90/1.1 1.4/1.6
7348 47 1,48 .32 .40/.50 «30/.50
7350 46 .80 .23 40/ .50 1.0/1.6
7351 .46 1,49 .29 .40/.50 1,0/1.5
7353 45 84 LT3

7354 45 .88 1.71

7355 .46 .78 1,07 40/ .50

7688 .33 43 .24

7689 33 81 .26

7690 .32 1,24 .28

7691 31 1,73 .29

7692 .31 75 .26 2,01

7653 .30 W70 .25 3,55

7694 .31 L3 W27 5,13

7695 .30 1l.24 .24 2,01

7696 .31 .81 .27 .Q/l 6 .83

7697 .28 79 .24 3,6/3.9 2.61

702 .31 B2 .26 1.,3/1.6 .TOA90 .25

7703 W34 1,56 .46 3.,3/3.7 .90/1.1 .34

7712 .28  1.49 .26 1.3/1.6 ,75/.,90 .30

7713 .32 .90 .25 1,3/1.6 .18

7714 31 1.46 .24 .16
7715 032 1042 024 Greinal
7716 W31 1.44 .63 1,08 .18

7717 e32  1.46 .69 1.07 Grainal
7718 £33 1.53 .27 .90/1.1 ,L40

7719 232 1,52 .27 . «39

7731 »34 81 .30 1.53 .40

7732 .31 730 L2 1.32 .60/.80 .27

7735 031 1051 .26 i 1.49
7734 .35 1,52 27 .40/.50 .46
7735 .32 84,26 .42
7736 33 .88 .63 .50 +50 .30

7737 .31 1T .22 .50 .49 .30

..............
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