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FLANE CUTTING OF ARMOR |

1" Rolled Homogeneous Armor (O 30% C)
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LTo determine the ma.ximum hardnese developed by fleme
cutting armor plate of 0.30% cerbon.grade at room temperature,
and to determine the preheat neocessary to reduce this hard-

ness to 400 Brinell. Y T S
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1. The maximum hardneu devolopod iy’ fla.me affebted
area in armor plete of compositions:investigsted when flame
cut at room temperature is spproximately 506-Brinell. ’--

2. A preheat of GOO%F. is sufﬁdiont to limit this
maximum- ha.rdness to- 400 Brinell. (.4_,_‘_;3
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INTRODUCTION

Armor plate of the 0.30% carbon grade has shown a
tendency towerd excessive hardening snd crecking at edges
flame cut without preheating. It was, -therefore, suggested
by members of the Subcommittee -for Welding of Armor that a
few tests be made at this srsenal to determine. the extent
of preheating necéssary to minimize the tendency toward
crecking. The opinion of members of the Bubcommittee was
thet flame cut edges with e meximum herdness of 400 Brinell
would not crack.
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TESI PROQEDUBE ; 5 ijw.j T
One inch thick platee of armor with the desired oar-
bon content which had been submitted to the Armor Bection
of the Laboratory for ballistic sesting were obtained after
completion of ballistio tests. ~Preéliminary experimente
-indicated that the following flanﬂ -cutting .conditions gave

a8 cut. sini to .those obtpined .4n commercial- pmactico gnd
thes€é oondl ions were observed in all teste,; crorel

:Travel speed ... .: - ‘14 inghes _per minutg-
Oxygen pressure .- -60 1bs.. per. sq.:in. -
Type of torch ‘No. 2 Harris tip

o Fouroflame cuts were made at room temperature, and
200°, 400, end-6Q0° F. preheats, respectively in a 6" x 12"
,§p1ate, made ky. the ‘Great Lskes Steel Coproration. BSpecimens
" were takén at the flame cut edge and surveyed for hardness.

Thie 400° preheat appesred adequate in these tests. To
check this an 18 inch cut was then made at 400° preheat
in the long leg of an H plate which had been welded from
arnor plate, made by 8imonds Saw end Steel Company. The
hardness in 30° bevel cuts was then determined by making
two .9 inch cuts,. one at room temperature and the other at
‘400° preheat, in the other leg of the H plate. Location
of all flame cuts and of hardness specimene is shown in
Figure 1.

Prehegting was cerried out by heating the small speci-
mens to 50~ over the preheat temperature in a small heat-
treating furnsce, then allowing them to cool in air to .the
proper temperature before making the fleme cut. . Preheating
for the 9 and 18 inch cuts was cexried out with’e .gas torch.
Plate in the reglon where the out wag. to-be niade was ‘hedted
to about 50° above the desired prehest temperature and flame

cut wee made after th;s erea had cooled to proper temperature.
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All final opernting temperatures were determined by the
use of Templls. _ ,

- Herdness surveys, maoro- and mlcroexaminations were
them carried out a8 detnriled below.

DATA AND DISCUSSION

1. Chemicel Analyses o
Results of ohenioal analyies were ‘ae follows.' s {

6% x 12 phto (Groat Laku; v.:sz% a ©:83% nn, .71% 81,
.035% 8, .oss% an% On, ,m uo, ..osﬁ Zx:.- . |
. 18' x 18" H pIato BimOnds Saw and gteel): 33% 0 )
1.55% ¥n, .18%.81, .016 8, .oao% P, qs7 O, as% o, ..
Provided that a quench is sufficiontly severe to
produce martensite, maximum hardness is largely a funotion
of carbon content for a given heating and:oooling oycle,
es opposed to depth of hardening (hardenebility) which
is greatly influenoced by sdded alley. Hénde;  the Aif-
ference in ddded alloye.to these plates-will not have a R
large effect on the meximim hardness obseé¥ved in the
flams cut—edges, ‘8a long as the: darbon ooﬂtents are oomﬁ,
pareble. - ST

2. ngggeee Surzgxg r R B o S ke
Viokera Brinell hardneaa surveys were made on _
seven specimens taken from plates’ e indicated in Figure
1. Locations of Vickers Brinell impresseions snd tabu~ -
lation of hardness readings are given in Figures 2 and 3.
The first four specirwens were from cuts made in identical

menner except for preheat. Maximum hardnesses of 538
Vickers Brinell at room tempersture, 498 at 200° F. pre-
heet, 429 at 4000 F. prehest, end 348 at 600° F. preheat
were observed. Maximum plate hardness is 330 Vickers
Brinell; thus the herdness of 429 Vickers (approximately
397 standard Brinell) in plate preheated to 4000 F. does
not appear excessive.

Specimens 5 through 7 were taken st beginning,
middle, and end of 18 inch cut. Maximum observed hard-
ness was in specimen taken from end of cut and was ap-
proximately equal to 400 standard Brinell.
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Specimens 8 and 9 were taken from middle of two
300 bevel flame cuts. A maximum hardness of 542 Vickers
Brinell (approximntely 494 standard Brinell) was ohserved
in specimen from out mede st-room tempereture, -and a max-
imum of 366 Vickers Brinell (epproximately: 340 Btandsrd

Brinell) was observed in specimen from cut made with 400° F.

preheat.

3. Macroexamination

Figure 4 shows a photomacrograph of apecimen No. 2
after hgrdnees survey end .light etch with 1% nita The
thickness of the heat affected zone tapers from 3 16 inoh
- 8t top of plate to 1/16:inoh-at:bottom. This is typical
of most of the.flame cut especimens. Nowever, the.speoi--
men taken at the beginning of the 18 inch fleme cut showed
& much wider heat gpffeoted gone where flame was held for
a few eeponds.to gpert out. In thip caee:the. flame af~.:
feoted rres wes soﬁmd rathcr ﬁm hardonod
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A ‘very narrqw dark band. ‘was oburvod ulong flamo -
cut edge in handened ,zane of macroetched specimens. Th:l-
bend wae exemined, a% 350 megnifiodtion, Figure 4, and @ -
faund to oonsist of ferrite,. troostite, 'wnd ‘eome péar-"
lite, indicating that the edge had been decerburized: n\tt—
ficlently to prevent full hardening. Immediately beyond
the decarburized edge is the martensitic flame hardened
zone, extending as far es the plate messl had been. .- K
- heated above the lower oritical temperature (approximately
13300 F,). . Beyond.the herdened sone: is a softened zone
where the heat of-flams: outting lms tcmpetdd the hardneu
of the original platpm FoaTer .
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FIGURE 1. LOCATIOW OF HARDNFSS SPFCIVFNS
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Top of Plate

Bottom of Plate
LOCATI N OF VICKFRS BRINELL IMPRESSIONS

Three Tnch Cut (Great Lakes).
Specimen 1 2 3 4

Preheat Room Temp. . 200° P 40° P 800° ¥

“B_CDh_ "F FG HJ  AB_CD Dg 5!2 HI [ AB_CD DE_FG HJ | AB_CD DE FG H_Jé
429 519 322 383 322 850 | 588 570 8§12 802 827 | 526 S2T 812 812 §

437 514 330 390 330, 496 400 597 359 304 | 425 385 308 502 309 | 345 322 314 308 512

387 556 330 359 350 | 498 287 202 514 304 | 417 550 304 504 3512 | 548 285 514 299 322
304 502 292 850 | 488 283 527 304 | 429 289 299 314 348 258 207 514
312 450 314 322 | 433 294 533 330 | 421 283 317 307 | 839 278 514 526
326 387 322 880 294 339 576 302 519 522 294 525
325 3C6 322 554 304 359 548 3512 519 512 308 830
325 304 322 325 309 339 339 322 518 508 312 386
319 519 322 302 309 542 504 522 319 297 317 327
419 8§22 322 508 308 338 287 822 817 268 317 380

Fighteen Inch Cut (Simonds Saw and Steel)

Specimen 5 6 . 7
—Start of Flame Cut | Center of Flame Cut ] Fnd o e Cut
AB Ch DF PG RJ |AB CD DE RJ C ;
804 304 517 272 825 | 551 397 380 308 | 597 380 272 %68 276 :
Preheat 312 309 314 288 322 | 566 317 287 522 2097 | 435 536 278 551 2886 .
o 812 237 214 289 319 | 360 304 281 312 287 | 894 302 279 338 274
40C° F 294 232 289 314 | 308 274 504 289 | 376 274 327 274
294 297 292 814 | 319 285 287 299 | 548 270 299 28%
312 302 304 319 274 204 330 268 209
302 294 289 302 270 294 309 276 . 302
292 289 289 308 272 292 302 288 308
781 249 289 281 285 302 302 ‘.88 314
289 285 297 270 »87 299 308 268 209

FIGURE 2. VICKERS BRINKFLL HARDNFSSFS
STRAIGHT CUT

(See Fig. 1 for Speciren Location)
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Bottom of Piate

LOCATION OF VICKFRS BRINELL IVPRESSIONS

Nine Inch Cut (Simonds Sew snd Steel)
__Specimen 8 9

Trehsat Room Temp. 400°

H.
5568 566 514 459 279| 527 538 276 514 297
$42 580 509 514 292| 5688 312 287 3517 209
656 267 314 590 284 | 354 5C2 274 304 287
542 512 514 580 309| 8527 274 276 207 202
526 512 514 522 299 5568 282 279 294 289

514 509 204 539 262 279
456 514 504 819 27C 278
408 817 Sl12 304 279 204
287 514 504 294 278 292

| soe x4 sos [ 204288 202

FIGURE 5. VICKFRS BRINELI, HARDNFS“FS
50°BFVEL CUT

(See Fig. 1 for Specimen lLocation)
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CROSS SECTION SHOWING EXTENT OF HARPENED ZONE AND
LOCATION OF HARDNESS MPRESSIONS '
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