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P'L.U,!E CUTTINO or /JWOR .. ,. ~ 
I • • , ,J 

1" Rolled Homogerieo~s ·Arm<>~ (0.30% C) 
., ~ •.. • } •J • ' . V • 

·- -·~ :_(k_33B_J~CT __ 7 fL_);,/l!~_(J,/,,'S_ ft_) 
c;-~ determine the maximum hardness developed by flame 

cutting armor pl~te of 0.30% .car~on.~grade at room tempere.ture, 
end to determine the Pl"•h~~t:neo•••ary to reduce this hard­
ness to 4,00 Brinell. . ~ . . . -
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The 'maxiimim.-·htt.tdne•e d.ei'eloped· ·f~ i fl~e . aft~~t~d 
area in 8.l"?IIO:r 'ple.t~ .:of . c;o1!1p~i~~i~,~ ;., J~~~•itg~1ied when_ flame 
cut e.t room tempere.ture is apprortmateiy !5001 Br1nell. · ,,.~ 

2.j_ .. ;: :A prehe at ·of. '. 400';-F. is euft'1d1ent to•:.- limit this 
maximum ·he.rdness to·4QO Brinell. /4,-- ~:··..: · ·:·· .· :. _: 
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IMTRODUCTION 
, ,: ! - ~ · • \ 

Armor plnte of the O. 30~ carbon gre.de - has'' ehown a.·· 
tendency towRrd excees1 ve hardening Emd cre.clc1ng a.t edgee 
flame cut without p:rehea~ing. ,·, I~, was, -"herefore, Bllggeeted 
by members of the 9ttbeomm1 tt-e-e- ··for· ·Welding of Armor that a 
f'ew tests be -made a't 1ih1e e.rsenal ~o. ,dettH'm,ine , the extent 
of preheE1.ting necessary to minimize ·the" tertdency toward 
cr1:1cking. The opinion of members of the Subcommi t ··Gee was 
thf!.t flame cut edges with e. me-.xirmim hE'!.rdne • s of 400 Brinell 
would not ere.ck. ·-··: · .__ · ·. 

' :) ... , ·_ . . , ... · . . _ , . ., __ J ·: . ·. -~--

-~ .. TEST.:Piio9ioog- ~:~ '--~·: :~ . , . ~ ·:,.~-~-
•• (' . l \ j. I . • ,t-: , ("-) \, .-1 ' ? _,.} ("( 

One inch thick ple.tes of armor with the · desired oar:.: 
bon content which had been eubmi tted to the Armor Section 
of the Laboratory for balliatic· t .esting were obtained after 
completion of balli• tio te·sts; '-.. Preliminary experiments 

•. indicate4 :that th~ -tol!ow~ns:· ~Ji.~. :cµ:t_t~~s.-.109µ,di tions gave 
a" cu~. siraj,lf.X ~9 .~l,_ose :O~tf~n~µ__.'. j,R 9P~fr~.ia:t,~act1C8 .; l]ld 
these oond.iiions were .oi>serv~d ~'- ~~--tl!IJ:t.f sJ· . . · c · ,' • ~- : :··; 

, Travel speed, .,,,. ;, : 
Oxygen pressure 
Type of torch 

·14 •.inph~• ~~,:.m_inut~ · 
-~o lbs . . per '. ;fq,,'. in.. •·· 
·No. 2 Harris tip 

: .. ... , 
~ . ' ' 

Four0fiRme cute were made at room temperature, end 
200°, 400 , end-:600° r. preheats, respectively in a. 6" x 12" 

___ plate, maq.e· qy: the·.·oree.t Lakes Steel Coproration. Specimens 
· were taken at · the flame cut edge end 1urveyed for hardness. 

The 400° prehe at appee.red adequate in these tests. To 
check this en 18 inch cut was then made at 400° preheat 
in the long leg of an H plate which had been welded from 
c1.r rnor plate, · made by Simonds Saw end Steel Company. The 
hardness in 30° b~ve:l:, cuts WA.B then determined by mnking 

.. two ._9 .. inch • cuts, , one • at room temperAture and the other at 
·400° preheat, in -t li e ·'other leg of the H pl c1.te. Location 
of all flame cuts and of hardness specimens is shown in 
Figure 1. 

•· :· '~ : .. ~ ~. '·,. 

Prehegting was ce.rried out by heating. the small -speci­
mens to . 50 over the prehe~t temp~rature in a small h.eat­
trea.ting furne.ce, . then· allowing them to cool-' in air to_\tp._e 
proper temperature before making the flame cut: : Preheating 
for the 9 end 1s ·, inch outs wa.- .-~~d.-~outi .-.,,1:th(-e.· :gsi•,vti:Oi()h. 
Pl?.te in the region where the out wa,,a: \.,:to ·.ller -made: was :-heated 
to about so0 above the desired prehe~t temperature end fle.me 
cut was made after this Pre R had cooled to proper temperature. 

···. '-:-~.t·':' · .. ! , ) : . 
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All fin~l opernting temperature·s were determined by the 
uee of · Tempi ls. 

Hardness surveys, macro- - and m1croexe.minetione were 
them carried out e.a detfl1led 'below. 

DATA AND DISCUSSION 

• i - __ ..... - .. 

1. Chemice.1 Analyse• 
.· ' 

Results of ohemioal 1ma1y•ea were · ·as follows: , 

· '6 11 :: ~ 12 11 pl~~~ --- < G;•~t -, Lalt~~j-~ ~.:sa~~~o ,\ ~ea% ~n~·::: ;~i~si, 
.025%. S, ,,.036% P,. "'--?Si :_011, · .21~::Mtf, __ '. t 09i ~r.( : , · ·-, .,. ·;_ ~ :,.,; 

.. ·· ,..., · • , , · l 1... •• • I ( . \. . .. • .. , • : -.J, 1 v .J • • •· .. ,,..,, ,; J l ..... , 

· .. 1a•-.~x ·ie; ·_ H ;~~~t~:~~i;q.nds ··'.S~w _ ~~ B~,•elr: · :33~ :~} ~ 
1.ssi Un, .. . l81J ,Si,, ._OlS71-S, ._oao~ P, -~e% dr,._ -?~~ JiQ, ~.--,,-.. 

. . ) ': ---~:; -: - ;- :.- ~r~ -'="!~~ -~ F; ::', ... f t 111 '1 ~,.. · ~ · 

Provided that a quench 11 auff1o1ently severe to 
produce martensi te, maximum hardneaa 1~ _ 19.-_r~ely . ~J~unoti~n 
of carbon content for a. given heat1ng. ,and.~ooo11ngoyole, · 
as opposed to depth of hardening (he.rdene.b111 ty) which 
is great-J.y influenced by, Fl.dded ' &11.0,. Henoe·;--r the--.·dif- , 
ferenc~ -in added a1loyfl ,to these ·platea·•'f'lll ' n&t have a'_. 
l~.rge effect on the marirmim b.ardne's• obae!'ftd·· 1n· t~·e, · 1' ~: 

flame out ,,edges, ·so long as· :the1,·d8.1'.bo~ -<•font~_nt·e -:_are. O(?~: ~ 
pa.re.ble_ •. :: -~ '· · ' , - · · - · · · · ·' · .. 

. . .. .. . ,,; ... ~ ·.: \, ... . .. : .. ..... :. ... 
,, r ' 

., , r. , :: ~i·:i. .. ;I•!'·:· ~.: l 1 :...>.1:l 

2. Hardness Su-r~y• J . :, ~.. •, ! l • 

• I ' . ~. r • • .r . . j . ·- .., ,, ,. . .: j ,) . - . . ' ' ,· 

Viok~re; Brinell hardness · surveys were' made ·on · · 
seven speQimens taken from pla:.telP e.iB 1ridJ.,o1:tted i;n Figure ·"' 
1. Locations of Vickers Brinell impressions end 'ta.bu•· · · 
lat ion of hardness ree.dings are given in Figures 2 and 3. 
The first four specir!!ens were from cuts mRde in identioe.l 
me.nner except for preheat . Maximum hardnesses of 536 
Vickers Brinell at room temper~ture, 498 Rt 200° F. pre­
heat, 429 at 4000 F. prehee.t, e.nd 348 at 600° F. preheat 
were observed. Maximum plate hardness is 330 Vickers 
Brinell; thus the he.rdness of 429 Vickers ( approximately 
397 standard Brinell) in plate preheated to 4000 F. doe&: 
not appear excessive. 

Specimens 5 through 7 were taken at beginning, 
middle, end end of 18 inch out. Maximum observed hard­
ness was in specimen taken from end of out and was ap­
proximately equa.l to 400 sta.nda.rd Br1nell. 

' .. , . 
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Specimens 8 . and 9 were taken from middle of two · 
300 bevel flame cuts. A maximum h~rdnesa of 542 Vicker• 
Brinell (approximntely 494 stnndard Brinell) wa.B observed 
in speoimen from out me.de e..t--room temperature; ·Md ·a max­
imum of 366 Vickers Br~nell ( epprolCimately ::340 .stands.rd ·._ 
Brinell) wns observed in specimen from cut made with 400° F. 
prehe at. 

3. Ma.croexaminat1on 

Figure 4 shows a photomacrograph o'! ·sp·e-cirrien No. 2 
After h1p~dnees survfJy encL light etoh.·w1 th l°ib n1 tal. The 
thickness of the heat affected zone tapers from 3/16 inch 
c1.t t9p . of p~ate . 1;o 1/16 : ~nol1:1at J°boitom.: · This is •:typical 
of most of thE;! -:flame . out · 'BJ>t01mena. · :Jlowever, the . speoi- • 
men taken at the beginning of the 18 inch flEme cut showed 
a much -•~d~:r ,~e-~t ~~eoted 19ne 1.-her• flame ' was ·held for _ 
a f~w ,aeeo??,d~ -.:to @t'-1"~ _out.~ .l~ ,~th1.J eaet ·~ e; -~flame at~· i 
fected fll.N8. wi-e eoftene4 r111:the7 than hs,rdened. 

,1 ~ ' ·... . , .,.. . 

', J'- ....,.• ,.,:: .>•." . ,J 'f •.J :. · . t -~ I ' . I · f f; ~J , I '. ( J. ·-r 
. ' , ; .t • • • • • 1 

.I'• I. ~• f~. ' 

4. · ?! icroexamination · . . , ... - ,. · · :: . ·' .~'-' ·, 'J ::_ ,_, 

.. .. _• _ ._' ·. '•f,f I- 1· ,- '. •. • ·: •, . : , ... :!' >· .! .'. -~:) ( l ~- J ; .. '.) '.- l) ,J ., 

_ A -'.very/ 1tarr~• dari 'b:and. wa• obeerffCL lilorig ~lame· · ·: _j 
cut e<ig,~, ~~ - pal14ene4 .• zq;ue of,, • aoroetchea: •~C1mens. 'Itbi-~ 
be.nd •~ ~-~i:~Si.d, •t a.50,. rnagnifi.cation, J· l!i~e- -4,; and---i 1 _::· 
f Ql.Uld t~ ..o<msi ~~.,-~f -;fer:ri;te.,, ·~-troo•~t:tfe, \;:&JUt ~-..ome _;pee;-r-:-: ·-1 :;: 
11 te, 1nd1onting that the edge had been d.eoarbur1M-d I W:t~· 
ficiently to prevent full hardening. Immediately beyond 
the deoarburized edge is the martenai tic flame ha.rd~:µed. ., 
zone, extending as far a• the plate ~ --_J ia.lf1:been·. ·1-:. • ·. 
heated above the lower critical temperature (approximately 
13300 F , )_. t._,Beyqp~ ,.-~he he.rdened.raone i 1·a: ·'a ·ao:rtene.d· ·zone 
wher.e tlle hea ~;- of·-:f-J.Jllll1t · out.:tillg .hlts: ter.rpete-d · the, :ha.rdrie-se: 
of tll( 9r~g~nal pl.a.1ijt-:("; .. : r 1.~ :·,; , '·: -:: ·i: .i . · : _. 1- •· ·: , , ·, , ,::· ·: :: , ~ · 
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1 ·· 
.. , ... ... ··.:u •.: ," 

=~ '1 ...... ~ . ... .. ..... 

. ,-' -~ .. ~ ·- .. .. 

. .} . 
•h• ' .. ; .•, 

:t . .. 
?• \ f •'"': ' I _•, 

;J ' ' . ; 

~ . ' . 
• J 

<: '1·. , ·· :·. 

·- ·· ,) 'J ·J 
· ' •'. _r ~ J . ·. j j 3:~T 

1 _ ... 
·- t,., • 

r ' .· ,,. :. ; 4~ :}~'\ :;.:. ,: 

·. . , j ·. c: i I 

.t ;--~, .. 'J (:· .·.· ·.J • ,; ", i.j .::rn .. ·_ .-: . . \ 4 • ., . • ' . ... . , ... ' 

\ .~ '':" \ ~ -. •. ·, .). · . .:~)·; .~~~ :j . r ··: 
... "=i , ..... r. r • J ! J: r : ~: . : ·;. ~i. 

. •.: ·. ' ·, ' ) : 

• O j .~ ~-; ~;~ ··• , . -: ,•, >" ••~.r:_·r..:4 . ~-
·-~ · t ·~ . • •~• .·•~ •· t 2.'. '; I d ,; 

: . ., :...L 

1' 1 , .:. !'. 
V 

j -, , , 

• · ~ • t : -:. ~- ,: 

.' :...- :·: .t::o-:< 

!i~:~ .. ~·.\ 
~ -.... , .. . 

; , . 
r •.. 

\ .. 

~' . ,. 



;. : ; Q • •. . I . . ~ I 4 z. 4 b < t_Q -: ? : • 4 I I #- t . o . c . t . c~. a ... t ~ t _ a . _, . a . ,_ 
$ ' 

Top ot 

l-1( 
) 

L --- -· ----
'-tO O • f'. 

l>i.-e"tion of 

·- - - ·-· - ·· - - . .. 

l 
~ w'elJ ~ 

r 

l 
·---

.. .. 

R.00111 Te"'P· 

T,. :ff 

21 i 

l 

Pl~te 

.. 
6 

-Prt. >.ea.t 
Cvt 

- ·--·~ 

·----

I 

-· ---- -. ... ... ~ . -

: itoo• f 

I'#' 
'J 

-· 

l 
6 

I 
1 

\.,, , j 

II 
7 

-- ·- ·-·- --- -

- ----- · 

--------------t8"-------------
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Three tnch Cut 
Specimen l 

~ . 
i 

I 
I,. 

l 

Top of Plate ..,_-----..--.-..A 
ti .a," .•· 

'4,-- .i' B ~ .. y fl~w.e 
D t Cu-t. 

· · ....... :. Ed-.e. E. 

G- • .. 
.___J_' _____ ·....,· f 

aotto"" of Pl~te 

1-0CATI ')N OF VICKFRS BRINELL IMPRESSIC>NS 

(Great Le.kes) . 
2 

I 

5 

Preheat R.0011 Tem • ; 
:,B rn °'f. FG HJ CD D'F. PO HJ 
429 519 322 363 122 35 
437 514 350 590 330 I ~~8 409 597 559 S04 
387 ~3-6 350 359 550 498 28? 292 Sl' S04 

5 5 S 2 802 S2 
425 ses aoe ao2 so9 
,11 550 304 S04 512 

304 508 292 550 488 283 52? 504 
31~~ 450 514 322 455 294 555 530 
525 587 322 380 294 559 
5:'.5 506 522 554 S04 559 
525 504 522 525 509 5S9 
319 519 322 502 509 342 

9 509 509 536 

Preheat 

400° 1' 

~Bl 
289 285 

289 
297 

429 289 299 514 
421 285 511 30? 
376 302 519 
348 512 519 
359 522 519 
304 522 519 
287. 522 17 

rIGURE 2. TICKFH~ BRINnL RARDNYSSFS 
S'l'RlIOHT CUT 

(See Fig. 1 for Specimen Loca tion) 

- - - - -

eoo0 , 

525 2 !12 512 5 
S'5 522 51' 508 512 
S48 285 514 299 522 
548 258 297 s1, 
559 276 51' S26 
522 294 525 
512 506 S50 
506 312 356 
297 517 527 
268 517 550 

- - -

,, 

. 
t 

-
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Top •f PIAte 
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l 
•OL 

'l . f 
Bott-om of Pla.te 

LOCATT ')I 0, VICPRS BRil!LL ItlPR!SSIONS 

line Inch cut . ( Simonds Sa,w e.nd Steel) 
8 9 

&a &ea s1, .U9 219 
.42 HO S09 514 292 
6S6 287 514 590 294 
542 512 514 580 509 
621 U2 Sl'6 S22 299 
614 S09 29' 
'66 514 so, 
d Sl7 Sl2 
281 !14 506 

4 S 

527 558 278 514 297 
see s12 201 s11 299 
3!4 SC2 274 504 287 
627 274 2'76 297 292 
sse 212 210 204 289 
589 282 279 
519 270 276 
304 279 294 
294 278 292 
294 2 292 

.. 

nouu s. VICX!RS BRT"!LL HARDNF.ss,s 
SO"BlVEL CUT 

(See Fig. 1 for Specimen Location) 

I . . 

,. · ·. · 
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CROSS !?,ECTION SHO':IING E>(TENT Of" HA,R.DENED ZONE AND 
LOCl\1'10N OF HARDNESS IMPRES'.',IONS, ,, 

HI\RDENEO ZONE DEC/\RBURIZEO ZONE 

'.:,', f\llT/\L. [Teti 

DCC/\110\.Jn I ZED ZON[ I\ T Fl./\MC CUT, SUHF/\CE, 

FIGUflF. 
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