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lJ 

;y!~i~~~~~ -~-°-~~}l9.!. .. ~~4 ..... .IlQ/.}2eGQ 
Jrin.&l Report on l-roblG1r.1 n,..l~.)16 

£.STRA.Ct / 1J:.ifes 
\, I . 

. 'l\1telva (12) oo.mpleill of· -tn tl:.uck:~ o:rvJ sa.mple o;.f b11 thiok 
oa.et armor, t1:111hd a.1 pa.rt of the Or .oe Jiese"'1'oh Oeut~r 

~ .... ........... ..l::.QJ.1.2..t ... 111@:.~ ,304) fer the d elo:pment o;f epeoificati0ll$ 
for lp1, 511 . ~ :-mrJt~st aa:-mo:i:-Aw E!re •~'bjec·ted. to a. 
m@tal.lur~ool ewiination'."1nclWU.~· f:,~~iat,e tests, ha.t'd.nesa 
surveys, maorosoopic and m1croscop1o e~n~tions. v ... n.otoa 
Cha.1-:py tests• hud.en.abil.:1.·~y tests . a.r,,dJ Ot\:81'!1.icm.l. &i:lal.ys1 e. In 
geniir&l 1 ci•ya:tall1ni ty dt:tected. in tltie sectio!il.lll wa.111 d.tte t0 
83.a;(dt: quenwn.g and &110 to t•~er em1lr~~1.fl.~~l{;~~Lt;!-.i1t,_M ......... ~ .. .,, ..... , .. , . . . 
O(l)O li.p.g fl•oni the temp erin, temperature) • ~ ~J. e., w8:t" a :t'J:1ee . · 
from pr<m0WlO-ed ca.sting d.efeots. Oorr•ll'l-t.1.ons we.11 e~tabH $1).$,(l. 

between f~'bl'e fl'&c,t\il'e . to~t• .. &n.d ·v ... n,tctl. i~~ot . TEIJ,'lil:e.•4, ,. io. 
~cid opo:n: b.earth 1teiel1 w4m.,. bet\l.t treated ;propll!rly -4, 1atilit­
fa.otory ballistic a,n.d me~l.i.u:rg:j,cal p:i:•ope:t•t:i.es at 2(){)....gaQ · 
llr$.nt11ll hardness. fhe 'b$e:l.c ope~ .b.ea.rth 111teela 1nve1tigated 
po,neuua poor met&llurgical properth• · ti:n.011 they were 1'no t 1n&,le 
aaaotQJ.ng to the btst stee~.u,g p:r-.otiae ~4 :i;u,sc d~ to 
tl:tfl f~lb tllat tlleH steels w;-e, ,! 

1
;t• ,m~lli;t c.e.se,~. ~:ro~_~;i.y 

h-t tr8t.\ted. ·' 

I 



l?late Mttt 
lf O ·-· .1!9.t.~. 

1!1l1i (:~rlt 1:11 Ill fl '"-"'"'"'~"'#' ___ _ 

12 1232B 

13 g.g6J~ 

l~ 2.-$6A 

17 l2147lI 

29 1325] 

31 l,31.14:S 

32 9s4ei. 

41.t~ 1093 

45·· 10135 

47 9335 II 

74o-l Con tin en ta.1 l!'ound.ry & Machine Oo. 

Sll-5 II 

918-l ll 

IJ:he pwpoie of this 111vestigisi.tion W'3s to <iLterl\iine th, met$ilhu-"1ep.;i 
t,lle matoria.J •• 

.!• Ohemioa.l an.a.ly!llis of re,prea,entative IEIJllplu of ca.s t a ,I'.JllOl'•• 

_g. l1ib:re fracture teat • 

.2.~ :Srinell hal'ctJltUll\ll ,urvey . .. 

,!!. Macro1ac1Jpi o •~a.ti.on. 

e Mtcroaoopi a s~i.nat:i.o;q, 
-• I 

J!• v ... notc:ll Chairpy ,:Lmpaot tests &'ti +10-il!". 4ml .,..tio0r. , 

,I• Ind q\:i;~nq}~ 1~:~t11&bi;L,-~y · ~$$~-~ 

of ,,the ,t,.bQ~~ •ti•'stB "~O; !(l?t.d3e~ted. in, 
, , I I ,' '1· I I , , , 1! I •:,,. · ,.,.I ;' ·1•1. ;', I /'•' 



' 

' 

:,1, 
,.i·I, 

~e1e •m.r~ :f'rom •. 76-1 .• 1.1' a,1,(1. the ~e1.-nJ.oll:.1,J..--~~Jd~1"~~n.~. • 
ollia1Ed.fi=t.t10:ri,. (l.1~1~41~ lb!.. 1.~1.5~j •~• .8~1.,JL~ ,Or) ,,.(i;, 43.J.. ataei, c~~ 
t.ei.:i.n•cl from a trace ,, .001]$ )a:,:,i)n, t:,aoe11 ot t:L'hi4:l:Ullll,., .Ol:,l,..,Oa,'1> alumin._,!: · 
amd .il :re111d.WIJ.a o t c~:t),:r., T an.adlu •• e;,p;p&r!fO..tltf &d,•'d. \o IIMiplo Ito., ; '• . 
7~1 Y.bil• onlJ a tra,0:1 ot. t.b:.1.1 eJ.emeat. •• 1i:ru.11d. in. r!'· .,l.e ~o. 91.S-l. 
~l• llo. :7lio-l c®ia.1n• 1, ld •. per phoi,gJtoltua co:ti.1um11 (.o . 1.i than th• o~r 

1 

ard.4 ope~ hea,th ,,eel, ,rtaiu,,, 1)1 Oont~:a.,ntal J'ou».417 au· -~aq.biu ao. : · 
"" ········------., . .... , __ -----

lg Jibrt 1£!1~.tJH! Te,!\• 111>~• f.rl.ctm-• ~viii$ ~•:''1 Md• Uf~. 4'11:;ij'' , 
no11obed. 1eet1011• a.u.a\lia •Jeelt rated. wi.th re1$pec;ti, tc~ tbt_:L:r '.he&t 1irtahl$. 'OAiSJ~ 

, , 11:io;:,. 1 tlle r11w.t11 of 1ddob are i1Yen 1n !Vd'blo 11. Va:t.7iq auiu:ruut:• o:f cq•~ 
lin:U,f were d.eteot.ed. ln the frao.lu.r1n ot the· oa1Uag1 1uwa:Lit•d. b,r tbt 'bAire~ ,,·, 
ma.uutae1urer1. fu aa.mpl111 exbibUinc a ws• P.x'Ollltla&e •~ fibre, a;-~ •'•~ 
ated a.1 follows: !:! " 

?io1. l 7', 29, Jl - Unio:f! tat eel o..,t~• 
,: I, la. ~ - IUtib\Di:'lb; .Steel. Jowd.r:, : . ' 

loo. 811•5:., 911-1 •, OoJi.1;1ium~ ·loDaiir1 I. ~elU.ae Qo. ,,:. 



,, 111 

·,111el\tlill!il d..e t.erm.inl!lld. on eaoh eJ: 101111 a:e-0t :lon were :fllt.irly w:i.i:i:~1•111. . ~i.:ll eaat,il:tg:s 
wer11a ~t treated. to an a.v1ri~~e irillllllll l:lardnaSl!l range ot 2d7 .. ,24S. Moillt of 
tl:l.ie 1ampl0m iu.Ve\$ ti~ ted '\,n,r!Jli hei1i.t t:reiated to a rela the1J.;y low ba.r$leaa level* 
:u is, 'believed., l!ir.»wever, thiil. t ca1st armor would. J}OlH3EISl!l •ti.ef'acto1·:, impa.ot 
px"op.-ties wllen heat 1-reated to an entirely tibrou.s :traatura at a B.Tinel.l 
l'W'iinese ra.~ of 21.0 ... 250. · 

.!• ~o.roae91?iO ll~ u~~ti01i. i'he reaulta ot' the J11&~:1.-01eop1c 
eXil!lmiw:ii.'tion a.re g1ve.n 1n 'r3.tiI'e IV. Sample No. 17 exhibited :pronou»,oed. aNre~ 
i§&t:lon th:roU&hout the seaUon wW.le 'Uilllple Hoe. 12, 131 29, 1:llid }2 a,e qw,:ll,e . 
:f're1:11 from s~eptions. The 'h.lance cf the steel, contain v-ar;ra.g amounts of 
impurities. 

l 
,I 

I 
,' 





'1 

llllllllml!lll•rm w nr_, __ ._ • ..._.........,QIIIIM•-• --•-•----.-•-'lll"Ntata-•,_,._, ___ ~··· .. ··•,~-•~- •----- - - - - - -------

]! .. , Oryst.all11:1,Uy b. tu aeottona exa.mlne<l wb.a ci1u,:tl1 4is to 
1mp:x•ope:r qu.enollina: praiat:Lce an!i t,o t~nper embr1 ttloment (1n,t~itwqtUi. 't@ q~ohitJ.:i 
f:1.•om - the tempe;rina; temperature). 

,a.. Suaceptib.ilitf to, 'llilmp111:t'' b1•1ttlenesa llllilsf bm 1111,t~@d coneid.etabl7 
'b;y a. rei,pid qiaench from th• to11q)1~r:l.n& t1mperatu;re,, 

A• The 'ba.i1c open }leartb. Cr-Mo et.e.el• prod.uoed bf Pitt1b\U"tli ateel 
Jowid.ry were not ma.de a.cco.rd1xi.i~ \o tl:i.$ bast 1teailmakina; pi-act.11u1. ~wo of tll:,e,1111 
st.Ile t:x:amil:'l.ad ha.vi insui'fioient. wd,na.bilit;y tor 411 th:iok i'IJ/'1110:t~ Th,, am.~d. 
open hau-th Mn-Or ste111l1 llUUl,:u.fa,ctu:rad. i>y Union Steel Ca.1tin,.1 a;ppt11t.lll' to ba 
aa tief'a.CJtory- !or the thiekntHH 1n:rolved. wben heat treated prc.i:porly at a 
:Brinell hard.nus o:f 200 or gr0ater. Th:ta i s t,rue when tlie n,a,n..p.:ntse and. 
otiromiwn a.re on the low 1ido. The acid. open hearth Mn-lU.-Mo steel p:rod.uaed 
by Oon tin en ta.l lfou.ndl"y and Machine Coo had ollly a mo de:rately high V-notah. 
Cha,cyy impao1; value although HBentia.:!.ly fibrous at the hliLrdr1.He of about aJO 
llri:r:u1ll. !Che ~-Ni-Cr .. M.o u.na.J.yrd,1 prod.u.ced by tb.1 tame oomp,NIJI' w~• W>.sa.ti • 
fa.ctor;r. AS e. reault o! Jomi.ny h.a.:niona.bility teats it h tndtfflil.te,1 t~t th• 
trwo tY)?&S of e.oid open. hearth 111teel 1 p:rod.u.ced by the Cont1n.$ntal l!

1

oundr7 & 
Mao.W.n.-o Compa.n, have sufficient harden'abili ty for 411 thiok o,oticms. 

!• A sa.tisfaotory oorrela.tion was e1ta.blished between .fibre and 
V-notoh CllaJ:".PY i.mpa.ot teats,. 

"'· H~ .M. Yof fe. 
PlJ¥eiae.l Soienea Aide 

C-~0£cot , 
i. ~ " Jaeed 
Res ear oh M1tall1.wgi It 
J\.cting Ohief, Jl.l'>mi>r S$otion 



~
!
 

C
h

e
m

!~
i 
~

s
e

s
 

A
.n

a
ly

ze
d

 
~;n

ea
s 

0
.M

tm
.t

tf
ac

-t
ur

er
 

b
z
 

C
 

_.
!Y

L 
S

i 
S 

P 
R

i 
C

r 
r!.

o 
V

 
C-

~t 
T

i 
] 

A
l 

·=
 

il
n

it
m

 S
~

ee
l 

W
.A

. 
.2

s
 

1
.0

7
 

.4
4 

.0
3

3
 

.. 0
2s

 
tr

a
c
e
 

3
.0

0
 

.5
7 

tr
a
c
e
 

.0
4

5
 

tr
a
c
e
 

tr
ac

e 
.0

2
5

 

~- U
n

io
:i

 .
S

te
el

. 
t,

; 
lo

 
29

 
l 

l"
' 

,,
.,

, 
Q

".:
iC

 
0-

lO
 

.. 
rn

"'
e 

'Z
 

.-,
7

 
~

a 
tr

,,
.,,

,,,
 

n
~

 
.. 

,,..
.,,.

,..,
,, 

0
0

1
 

n-
:,;

:; 
.ce

t--
=S

-~
S

 
..

..
..

. 
• 

-
• 

...
.v

 
.
~

 
• 

,:-_
;;;

 
• 
~
 

'-" 
~

..
. 

.J
•
'-

i 
•
~

G
 

,.,
 

""
v-

....
.. 

·.;
 

,.
_

t-
v

-<
w

t 
• 

. 
• 

....
.. 

;:
:.

.,
 

-.-~
c:~

·•~
 

~
;8

6
1

 
Y

I.A
. 

.2
8 

1
.1

2
 

.4
7 

.0
26

 
.0

2
6

 
tr

a
c
e
 

3.
33

 
.•

 &.
J 

tr
a
c
e
 

.0
4 

tr
a
c
e
 

·"
'"

-'
kl

. 
a0

25
 

_l
ii

. 
w

io
n 

.S
.te

e
l.

 
u

.-
. 

r,
a
 

l 
05

 
33

 -
01

i.
 

n
3

0
 

-
-;

-,
;(

o 
--

;;
-

~ 
--

~-_'
_-~

-
C

a
st

in
,g

s 
,..

., .
. -•

 
• c

;.;
7 

• 
• 

• 
-r

 
• 
u 

-
...

. ~
~
 

• ,.
1.. 

li
Jl

lt
m

 S
t.

ee
l 

u-
,.c

. 
~3

 
-i

li
 

0
1

-
Q

U
l 

2 
a

=
 

~~
 

-¢
as

lm
~s

 
A

-4
,..

1,
 

• 
• 

O
J

 
• 

O
 

• 
.,

,-
.-

• 
f 

• 
. ,

J
tJ

 
-

• 
.,

~
 

-
J
?

 

..,_ 
-~ 

,...,.. 
.. 

W
 .A

. 
.2

9 
.9

5 
.2

8
 

.o
,2

6 
.0

3
2

 
tr

a
c
e
 

2.
61

. 
.5

8 
n

.i
l 

~0
85

 
tr

~
c
e
 

.0
0

1
 

.0
2

5
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
--

--
-
-
-
-
-
--

--
-
-

--
--

-·
 
-
-
-

W
..t

.. 
.3

0 
l.

o
6

 
.4

3 
.0

30
 

.0
39

 
tr

a
c
e
 

3
.0

1
 

.5
3 

n
il

 
.0

2
5

 
tr

a
c
e
 

tr
a
c
e
 

.0
2

5
 

f.
A

. 
.2

9 
.7

6 
.4

7 
.0

2
4

 
.0

25
 

tr
a
c
e
 

2.
31

 
.4

8 
n

il
 

.0
85

 
trP

...
ce

 
tr

a
c
e
 

.0
2

 

M
ir

. 
.2

6 
.7

2 
.4

2
 

.0
1

5
 

.0
1

9
 

-
2

.1
0

 
.5

2
 

W
.A

. 
-3

3 
.9

2
 

.4
9 

.0
2

3
 

.O
~

 
tr

a
c
e
 

3.
26

 
.5

5 
n

il
 

.1
.2

 
tr

a
c
e
 

.0
0

1
 

.O
l 

if
.A

. 
.2

7 
l
.
~

 
.3

9 
.0

28
 

.o
lto

 
l.

5
8

 
l.

J
l 

.1
:6

 
.1

3 
.. 0

35
 

tr
a
c
e
 

tr
a
c
e
 

.0
1 

Jl
fr

. 
.3

3 
l.

6
4

 
.li

a.
 

.0
32

 
.0

35
 

l)
l-

5
 

.1
2

 
.5

9 

W
.A

. 
.J

2
 

l.
1

4
 

.3
6 

.0
2

0
 

a0
22

 
l 

.. 4
6 

.8
2

 
.~

 
.0

65
 

.0
45

 
tr

-a
.e

a 
tr

a
z
e
 

,.0
1 

-



' - - -·- --·--
r'' 

r1111•1111••••m••··-----···----.. ,,.1111 _____ ... __ ;pq_11111 ______ , ____ _ .. ,._, ______ ..., _______ _ 

Rl.a,te 
_,t~.!? .• • •. ,. 

J,.2, 

:foic.k­
lH~ IHI 

~±.l9~~ 

4.oo l232ll 

, ______________ _ 
13 4.oo 

l~ i.m1:fuc t y_er 

Un ton 
Steal 

Caet,i1¼J;S 
217 

lle sul ts o! i'1 b1·a lf'raettU"e Test 
- on s~~Elthru~.,-~~!!1.f!!.V~~~ .. -­
l!'1bre in 111 :from ~a.oh face with 
40;b cryat2,1J..l1nity (ii.,l1¢r1tio) 
in cet.rl'l.l ,? 11 ,i£ HOtio~. 

_______ ..... ________ ... ________ ,1 ~ ... -~,, .... ,_, """'"' .......... ..,...,. .... _ ____ .~-~ -·~···•·••:, 

II 219 
I' 

Practica.ll.y corJU?.letel.41• 
cry Ill ta.ll:uie • 

___ ,.,,,. __ _,, .. .,..., _____ .... _. ____ ... _..,_,_, .... --~·---·· ..... , ... _, ___ , _____________ .,~,,-~---·1: ... ·~.....----.. ~~~ .... --:-.... ,,, ....... : 

)4,. 00 11 222 

17 __ , ____ _ 

--··•·-------
3l 4 .. oo 

--·-··-·-•·'-'_' ... ----·-...... ,-.. _· _____ , ____ ... ,, __ ,._......_ __ ,_~-- ... ~---,......--
32 6.oo 2D1 

I 

F:l.bre in ,3/4.-1 11 from. , ~en faoe, : :~bo'ut 
Central thi:rii ~bou.t t~: c:rysta+'." ''1

•
11t'i#ou.g 

line ( d,endJ.•U ~ o) • , /' , 
' :1• 

C ........... • ----.... -~~----~_..._...-,,., ___________ ,..,.,.-...... ......,...,......,.,..,.,.,..,...,...,...,.,H,,+.....,..~;...,.. 
Fi t tsburgll 

Steel 
'J'oun~y-

,II 



1.1H,a o:r .li'ib1~e Jl'l•a1.,ture Taiii; 

:~l.1.~~'l;J;"l l ~~~~~~•~~9 .. ~14~~---~-·· 
• e in 1 it fr om each ~a:Q~ w:l th 
crysta.llini ty (d!l~drh!io) 

cetral 2~ of aection. 

J:lr;1 t;ults of Fibre FrE:i.c:t,u;i:•• 'l:~H!t, 
1:nl Sampl es after :Reteinped.ng 
11~ t n 75°F-l200"F. for 3 Hrs . 

,,., ___ and ~enebi~. in W~ t:.,.;;m;;;;..• __ 

~11!1sentially fibrou.sb ·~1•aces of 
c,rystallini ty. 

-----·-,opl-.. f' .;..,,.-~~,~-'"""' '''"'"'· '' ...... --.. ,.,,,_ .. ___ ,_ ..... - ~. 

,, 
ct i cally comp lErtel.y· 
a:te.lline. 

l~ earl;y completely crys talli.ne. 

A.bout 50,_; crystallini ty 
throu.gb.oiit a.action . 
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