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1. Then 11 attuhN •• (1) ,.,, et a--. Afll ai 
t aboratory leport ••• Tlo/111 -'llleA .. Allllr • '"91 J •' 
of a J'raoture !Ht to Ja411oate •• Dl&rN et --••ta1 et 
Armor ~teell Upcm Q--hlnc• fer llll tat ... tl• ... ftlee 

2. The nbjeot npart 0....-1 -. nrk ,.r,__. at 
t i--. is Araenal ner • pert• of tM ia,, r- ••* • • •-­
.ro ltl t.ion between the tl\n ,.. .. .,. 11e•t, aS.•••.,.• 
L:; pnot propertte1 •• alll1tle fl'e,erU••• It ... -.. 
t,hO'IIZl that the tu ... ,.. ....... , s. .. ftlW ..... a. 
of 1methtr er n.t • ,.,. .. , IIU''-'l"- •----• 111111t,lal 
ror optlaa MllS.,te fl'..-nlN 11M -... pr1t •••" a. 
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UNCLASSIFIED 
1 I r1-n U !J:1 I I I t I I I f I ' ! f T r 

,. ,. ~ -~ ' \, 
:, ~ · • r · Ar <i •· : . .ll l 
t · r ~ ,, ~- ' q_ l 

AR.:, r; ::. 

:_: ,.,, .. 10 ~-n Pr: t f t1 Frfl cL c1 r ,. ~• .. st t , ln r' tc11t P t. t @ 
: ,.~rf'P ,-,f ~J• r ,1 ,.n i !'? r, f .J, r c•· r ~ t"'f'l! '!· r,n -1H•ocl-.1nr, 

•' f' v .- 1 1 · fl t ,.. P t c P. -11 "'· . P , f -~ f' t "r i r. · n ,"': t h P ~ ... t f'" t 1 f .. ,' 1 Pr. C' ~ 
· ~ r .i n ... '. :,. .,· , f i. - 'Tl • r !l t .. ,. 1 ,; f - ,. a , :.i l '. , 11 i, i , ri 11 s " " \ ri s ,, ,.. c t I ) n (" , n tr r. l 

A II t r: e r ., 'I ~ 1 t o f t , t · r. t c1 : , · 'l f " t r 6. c t. · , r ,, t ,. , t ~ e v "' l o ~' ,. ~ A t t. h ,. 

·n: ·- n :.. t t- t-l Cb i; llng '.: !Tl !, \ " r. n f t 1. P 1,, . ..,_l''\ " ' '.:nrcM ny : or thf' nurn l'llf' 
!' ~f- i Pc t 1!lf" t ... lll :, 11r~ ng tf' :n : f'r~- t •1r, ,; - ~i \ c h -.,ul · :-; r <"1d .1r,- o :: ttmum 'ballia­

t \ : , :·, --: r•rt · f' s ~n erm"r , f11 rl. h Pr f':a , · e r- 1':l .-·ntg "'''r" · f' r f"rn:P~ lilt t~ia 
Ar •1.-ri ·"1 l ·) ·: ,.v l ai> A morf' use:·ul tr'l.ctUP' ff' 'l t to tn'11cAtl! t.he f"T.tent 'lf 
q •:i•n: r , Pr : rn i °" o~ armo r 

l t W"! r- f ,, :r. .i that. tb• ~ 11:i fl'f1nnc.a of thf :·r11 , ~11rE>d aurf&rE> ri f the 
l ·," fl l h :, slt'f'l s ue• ·d f ,,r a rmor can l)p C"'!"rf'lAte c'. 'wt th th'° tit>~r ef' n f 
, , . f' '" · ' 11. t ,.,ln,,, t·P ~L- r 0 ~tr 1J clur"" . And thf' rf' l fttive 1'11onct !ltrengt.h 
' f t • ,, 1.a t f - . fl 1 

'. :~c-H ·) t 11t P: ·• r. t: "n ,· r: , 1 s t .. ..-! '! (tho sf c ~-n tAl ·,hh '.il p;h t ., -· r. ,:,retur@' 
trAr, g f ·' ~:··.~•t\ :) n r :-- '1•1 c t11 '.· fr,q ,- ti ; re \ n r; br 1t.llP mAr. :- Pr '!'he fractured 
A:r f'\ r- p h, s a ti r t.':'• : L s \lvP ~v 0 hPen ca :11t-<1 bv Tf'f1f'ct1 0 nt1 from fac.-t~ . 
T1,P trw,.'\ c t .. tr,,n1-; tr. n 1 : 1. - --~ ,l,., tely 011Pn ::- ~: ,. ,1 stf'<>ls !s u auRll.v low at roo:n 
tPo : Pr&t. ~r" a r: o ',1 -.1t:: ,, v r>:·.v ll'lw at reducPd tP:n :, f'ratureR . 

. . . 

S tf, ,, l ,. ,. h \ ::- l-. h• v · bf><· :, r ).., : lt· t .. ly ·: u f>nC'h bardene d ~. nci lt>~,:i ered fr,i,cture 
l n t1 d '.l r t \ lP 11:anrPr ~hP f ri-. r: t.• .rn~ !l t: rf a c .. la r 0ue;h ar. '1 jag£f'd in a n;.; e11.r-
F.nc,-. , hn •: o f a nar._, n r nr.-flec tinL' crlor . StPele h1-,vtn~ a tP'll .' ered mar-
t P"l i, tt! :: r• icr -:i etruct ·.1P C ').c ·• lf!tf' : y frPe fr0m hl~h tf'm ~ f'raturf" trllnaf nraAthn 

r -.. · u c te ~; -1!':h All frrrtt ,-, ,,z:rs1n bnundl!lry c-erhi ,jep, :) f'llrlltf', a nd h&ln\tP 
h "- V"' tr.e b.-st CO'Tl O\n&tt --,n f'lf har ·'. neaa and t ,t'acl 9t.rPr:~th. 

·:·h"' fi-ectnrP ,, f C''l , -lf'tf'ly l'lUench h i-i. rdf"n~~ a rt1 tf" rr • rrf'd at(!el can be 
rea c l l ~ ~ iff~rPntlatf'~ fr~~ tr.~ t ~f t~c ~~~ letel :· quenc •ed atPf"la. A frllctur~ 
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A DOD-Nlll •Uo hit of araor capal,le of F•4l•ttac 1h \allhU• 
be.b.a•lor wi tb. a fair UCJ'H •f aonrae7 h.N .... ,~ goal •f c~•1lera)le 
•d.•nr. lo pb,J11eal or ••1•11'1.raioal '"' baa 1•' '-• ,-l•-4 wluell 
OU "be eonald.eTN vboll.7 ac1..-,.. Ponllll7 the , •• , erUaica •f U"IIOI' 

perforaanoe t.o date b&• be111 a1cro,tne\1Te, )ut. .. , laooa•l•\•ole• 
baTe lteen olt•effM. 

1' 11 &•--11,r a&rHd \bM ·aee\ balU•Ue ~,-nle• rtn.11 ,._ 
U'80T • t.ettll &re qa.eno!lN and., ....... ,. a •tfon ..nUlr 111an .... 
t.ue ooapl•t.•11 frN of alp ,-. .. a,ve \ftaat ... uea ,n .. '41. .._ 
t'ae •'••l la lllooapletelJ .-ua•• •r bu la..ttletal i.-t a \llllF .. 
qllMlCh har4• thrsuc"b , ..... u •• ~1p ,, ........ r. ,,...,..,..,1. ,.._ 
ctueta nch •• ferrl h. parllle, •I ltala1"• ... feNN ... 9'eel U. 
ha• poer ahoet properUea 11M tr, ... ,17 tall• mt.ac Wll1\k l..tt.as. 
TIN appearaace of \Ile ldffo•nietan 1• .. ,, ••••• • --,lelel, 
rellaltle 111ti•U• of Ml.119'1• ,...,_.,._ .. , ~ .i.. •••lll1t ,a. .. 
MTe -·- foun4 ,o -·· •Uatao'"7 klUnle ,n,enl•• ..a .. , ..... .i, 
well Ilea\ lr-'•4 plate, \o ~•,.... -.lll•tle ,w-,.ttea. 

. ' ' . 

••areal\ et \he a\,aq et ,he 1111• a..i Oatltac anlll•'• 6--
ture , .... , a Nrl•• •f -,.1._t• nre-,a-foaet at We An--1 •• 
cln1N. if pe1• tltle, a tnonre '"' ,11a, WR14 be pl"Nll-'l• •• a -
of •elect.lac •U •fac\er1 U'Hr ant wllicb. ...i, \• ..,11.t •• • lalfN 
\ion \ool te coavol the ulleral1f et ,._ ,ntut. · 

I• 

It waa aeeeaaar1 to oonela\e \u ..,_,... •• el \lie flenve wt.lla-
41ueaohiac ra, ... •~onnr,ict.11..N. lllfeo' a\r~. ,..,.aftl"e et,........, .. 
u4 ra\e of loM appllu ':-1• la erur \e ,.-_.. .. 1111A eftl•'• \lie · · 
fac,ora atteou-. ,a. fraotwe. 

It ,r49erl7 ••' tr•\-4 U'INI' a\eel baa a ll1'1anlft fhelU'e 
1&•111' d.lff••"•'-' fl'• \bat •f lllllT ..... q .._. ,NA,_ .....ial, 1M 
UH of a tnwsn .. , •• , •• aa laapec\1• , •• 1 11 el-~ lMl•M&. . 
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llp\ 6•ai,a pieoe• m\ tNII preacuea pla\e •t ., ... 1 ... ebaioal 
ceapoalUoaa •• Hlee\e4. u.ela••ac ft .... can ut \hr• nlW ..._. 
plat••· th• a\eel1 ••• ••leotet aa r9Pn1•Uaa tu aJori\7 ot Ille 
aore eo•u ual7•H •"4 tor WINI'. '-• el \he •latH were 2• _. 
•• ii• 1• .\blclaleH. 

Cb•l•l ~!:9'.•1• aa4 llaraenuil~ 

!be ehaical an&lT•e• of the eip\ plate• WN ut.-.taecl u We 
Area&l . l\ancLard. 3• luc, 11 U..\er JoaiJIT Nir1 ....,. aoh1•• fNII 
Mell plate. !he bare were auatah11e& at l6oo., fer! boa.rt 1 ... r._ 
in aa 11prtD1\ po•l \fo'!l \o a dapt.h of tw la•'- la a pot of 'a•a..r•• 
\o .Pl"enll\ u.ce• ei .. • U14aUoa, aat tMD •~••e4 aooor'1aa ,. Ille 
naaclal"t procear• . 

• 

•• , 1r., •• ,. 
lhr•• pieoe• , Z"sb"-st.hickn•••• were •t hoa ... t. et \be eicb,t 

pla\ea. 'l".11• 1,iecu were hea\ \reatod •• fol1"8i 

!• Ola• , .. ,1 .. fl'• .._ plate bea\ocl t• l&x>-1 for 
2 h.our1, 41ueuha 1a a,_;;i \ate4 •••, i-,ved. 2 aour• 
a\ e1 \Iler 1125•1 or 1200•w. 

}. Oae HCUon froa each Jlate bea\ed. to 16oo"1 t.r 
2 bOUJ' 1 1 quaehet ia 011, ,.., •• 2 h••· ., •1 tbs 
1125•, ... 1~•,. 

!• Oil• HOUen f:r-c,a OMh plal• Ma'M le 1600-J fer 
! h•v•. air eoole4, ,-,_.e4 2 uar, at •~ther 
1125•r or 1200•1. 

the lriaell bardaeH et all Jleoe• •• oM&laeA h\h aflar , ........ 
au aner teapenac. . 

After hea\ tr•'9ent, the p1eo•• wre ao,ollM \e a d-,\A et apfl'ai­
•'•ll' I • w1 \ll aa ure.ai Te .._off W.Nl a4 --• am t.lle 1-,.c\ ef 
a ~ : M»ut tore- --•. ~ tnei.,_ WN allllael ut .... ,.._ 
• 
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• 
lpee1--• fer neron:ubaUea wr• n\ tna -..h et \he \hl'M 

H-JUone of \he •1cll\ •'•el• \o eoffela\e the .,,eanaM et \M trao­
turee wtth the ataroetl"UOaree rHl:llUnc fr• ,he ftllioua _., , ... ~ •• 

Wteot •f lltoroet1'9ctve •cl !'!!feraty1 •• bNcl ftl"W@ _. 'M 
Afpecwae. ef ,a., hae\ve. 

ap, l&aa4arcl f-aetch Qharpr taput 'ba'e "•• aaellla-4 f11111 __. 
et tbe M tnetvet Nril•• r.,..•••'lae -Jllftn.a beat tr•I••'• a4 
oh•1oal ualTH•. ho Mr • wre brek• a\ ... ot fe,,u Utt••' 
,....-atUJ"•• tna rooa \apnaar .. tow ,e •7011 te 4ewata• "9\la Uae 
t1:1n11a1H of aloroun.c\•r• •4 ,-. .. wr• a,- ~e illpaot aitr•g$h Mt 
\lie _,,..,.•e• •f the trae\ure. 

A441 Uonal 1iul•• of the effeat •I aonea'MWN ..- _,.., 
8'rec\h •• ~• a,pN(aaee •f .frM\vett ••• ••luW 1lflll Nnl•• d .... ,. 'hi* -- UtNr., .... •f w. _,.-1a1 w la•fflel•I blFIR 
ulll ~ ,e· c..,ie,elJ laarua --•-b Ill• Weta•• _, ..... u, 
UYel ... 4 ,-rli\l• nrutvff ,.,_ hM\ .... , ... ,. • .......... .. 
CllarpJ lapu\ Mir• ..,.. saobta9' tna ,. HOU•• la \be _.,_et• .. 
oadiUon aa4 al• after 1• '"* NnltU nre rebeu , ...... le~ . ' 

4fHDDM •4 ,...-et e\nowre•. 

•r~of larta••• ue ,g _,_, .. ,.. •( ty ,,.,,v, 
lent•• hM \w --• et 1 1 '11lllt -- &l'IIN' •W• __,_._.el 

'7 tlle Lekaoa heel '9•tr.f' aa4 \Jae &•1 ..... -.. Deel II., • at:,c la 
Mrdaea• fl'• 2'0 to 11pp19a•Ml-7 )60 lrta.U _,. .,._._... 'lella al 
reoa , u ... hi'• •• a, -10•0 •• ,..\enlM ._ etttiel et ._._,,,,r..... " 
111M ,...,.a,ve llpN \he .,,...... .. et U. flMMN. 

. 
~ 

!w 2.9 wlu e\rl .. .,.. n, fNa NW•al Al'llar •WM of nrtoaa 
eh-1•1 an&l)-•ff aa4 ,blmNaN, ae\allN •4 bMtwet. GM~-• of 
MOil e\eel wae frao\vet •• \be t•ad \lew ef a •I- fuse b •• 
aat the o\Mr ,_. ,role• u._ \lie~ ef a \•dlt •11t1M a\ a N\e 
ot ..,ucaU• of lea4 ef ,000,. • J•,.. ldate. II•••• nal\taa 
fraa \he we utt~•' nnt• ,., .... ,.. , 11 ..... 

J. w • ._ -.n 11D/rr,ttJ. ,.,._ - -...i1arc1w ..... ,1 •• et a .. , ._ 
atel4 ..,_ hw le az laell•• ta ftlc:taN••~ 

It. I.&. lq0.5/57119 HI la4.. A.P.O. -10.,/"811. 
5. W.A. a.,or, 710/)JJJ. 1Anff - •elallvctcal ... wu.uo ,,.,.u. 
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W I .I I •' . \ , •.c • ·"'"'"·"·"·"'"·"·"·"' ·~· '] . -
. . .. 

. . 

-. s . . · . ... 
. • .. · .. 

1a,er,ova Ar1aal Au.lfN• -

...... 

...!!.:.. ~ ~ _jL. _!_ p ..!! ..!! • - -
l .37 .92 • 31 0029 .CMl .6:5 ~5~ .n ·°'' .OOI -
2 ·" 1.13 .,, ~01, .00, -~:5 ... .-. .115 .01 -
3 .29 1.,~ -~ 0020 .019 - .OJ .31 .15 .Of -.. .i-, 1.62 .19 .01- .027 .]6 -~ .lJJ .03 -
5 026 1.60 .J2 .017 .02J - •• -~ .u, .oa. -
6 .zr .92 .20 .022 .022 .,1 .71 -~ .13 .o, 

7 .z, lo57 .20 .oz, .01! - -~ • "1 .12 .02 .003 
I • 21 .9a. 1.0.3 .010 .010 .10 .1, .11 .1! .01 

2. larctaa'b~U il 

file J•t., bal"tautll'T OVT•• of,.._ •lPI ,,..i. •• .... 
ta Jtpre1 l, 2, u4 3, au the 4a\a a-e • rlae& ta '-le II . 

• 

IAWII 

..,_Qyaola lal'uaull\y •I Anor 8'"11 

'•!l -~111~ ~\a le. et iiiiu. of• Iaa 
lardn••· _!o~a Ir' .. ta llarta••• lu•~- a, 

1/16 1 trea te •. ,.. 
• , •• 1 Qa.-ohe4•d -. .. ~----, •o. !! ,, 5 !I It IQ !f !lQ> •-) .. 

l · 57.5 12 16 211 IIC>.5 
2 ~-5 1~ 20 II -., 51.5 7 9 • '1 
~ 49 05 12 11 1-. )! 

5 52 1~ ~ M "° 
6 50 11 16 llJ "·' 7 50 7 10 9.5 19• 
I 115.5 ,. ,., 2., 17 

_.,_ 

~ ' ,. 
'· 

·.t. < 

. . . . . .. · · .•. · . ...... . 
!ht .. _ _ ., ,ia- : .. : 
... .... i. .. 

a.oo ........ • ,., ' . ,., ._ '._. _. . 

l.~ - .. 

• ·-·--~ _ _!_ -· • • -· • 
. . . . . . . ... ' - . 

. , " 

- . .. . - .. . . _· ·. , . 
• 0 0 ... • 0 • · 0 0 • 0 .. 0 0 . .. , , • - • . N ... ... • • • · • 0 0 ... 0 .. ... • • • 0 .. • · 

. . . '"', .. . . .. ~-.. ~,-; ~: . ~--.· . · .. · .. · .· £0 · ··,•·•, ·,.. ·,. ·,- ,.•, ·, ·,. ,·, ·.- o• •- ·o · l .. f
0

S. ·f•/•• i ·1'aie?c "' ebeiel"' - = =-= =~= =~ 
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~ . . . . 
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ir.-• ., th! mi~ ~s of pla\e ••111cbable '° 1100 hiAell Mr•••• ia 
\he oehr •• calcua\e4 aocorcUac to rec•t la-weaUpHona porter-' 
bf Batt.ell• ••orlal laatUuteb aa4 tho G!-•t liMH 1\Nl Co•r•U•. 7 

lo\b 1\oel lo. ) (.._...) -' • \ffl lo. 7 (•-llo wt~ kna) 
baYe ta11Utfiole1'\ bardeaMU t7 lo .-ench oul ln • 2• thtcr. 1eo'1oa. 
Tb• boroa a.441 Uoa \o 1\001 So. 7 41t ao\ pre-.. • ..,roolulo lllor•N 
1ll Ml'4111abU1\7 ••er th& •- of 1teel lo. ). Prmna W'>R a\ \1111 Ar---1 
ba1 lu.1eate4 \ha\ tko b~o o-,olli '1• Me tallllflele\ W4tub1ll tf 
for ..,uoauon 1a eecUon dso1 cr•hr thu approumatoi, ll1 la 
thlGDHI. 

J. ll•t !'1:•'••t• and. Jrinell lar4ae11 

!be uat tr••••h of the 21 z 6• z plate \hlmeH 1eotl••• 
aaci the surtaoo :Brlnf"ll hardae11H 4oTolopo4 1IPGII .-•cb1q ut teaperlac 
are iaclu4o4 la !ulo Ill. 

tau 111 

laat fr•la-t• ucl lrlaoll laruo1•oe et 9!!! 8'nl1 

I\Hl lpeoi• a 
..!la- 11,, 

l • 2:dn' 

2 

2s2n• 

6 2:Kb6• 

7 2zl.s6 1 

---

""'" .... " If. ••• 
QllaoMt ....... a..w 

!Ml Tral!l!I !1111!• ••a•• ••a•• 
160091 - 2 lar •• - t'ltaehe4 I "15 ., 
1200•, - 2 hr•• - all' a, 229 
1600-r - 2 u •• - ca••" -77 - rn 
1125•1 - 2 bra • .- .tr 215 ,,, "l 
16oo•1 - 2 hr, . - ....... ~15 • 5 2111 
U00-1 - 2 hl-1. - air 255 &U 1111 
1600•1 - 2 bra ... .-•••4 _,, 352 ~l 
1ax,•r - 2 ••· - &11' N 255 a,7 
1600-1 - 2 hr1 ... qu•ch•4 "" ~' %77 
l.20091 - 2 hr1. - alr !ill 21 m 
1600•1 - 2 br1 ... tu•ohocl '-77 = N 
1210()•1 - ! bl' •• - alr ~7 - n1 
1600•1 - 2 hre. - ,~ehe4 "4 311 -ll'-5•1 - 2 Ill'•• - air ffl Ml IDl 
16oo•J - 2 bra. - ~,iae"o4 )II 217 11, 
1125•1 - 2 llr1. - air 255 ., 17-

--------
,. •conelaU01l of Cooliag Yolcc1'7 of the ftu4an lolll-, larUMblU,,. 

!e• t wUla the Cooltac Yelect '7 wt tala ,he Oro11 S.OU• ot Plate,•. 
Johll G. Iara, 0. I. Lorie. •u•llo M•orlal lllnUu,e, -.. 2~, 191tz. 

7. "lardeaa,tlt\7 Ca.parteoaa• - Char, palil1•hecl 'by Or•t Lat•• I\Nl 
Corporau -,11, 19-2. 
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Tia. ... _....w bardllesan • ..., • .._ " ~• ... u.._ !'UH 
re•Utac ~- -'•• •ll, •• air 4111•alltac are la .u,-.,1&1 .., ... 
.., wt\11 \u llar._..lltt, obaT .. \ert•H•• of \M elpl •••l•. 

It. hp1!£f teal 

Aftel" JMa, tr•--•• ._ .... 1-. wre ao\ollet a4 'i-t•• 
· •• Jl"ffl•••l7 &eeffl\a. !lie fl'Mtvea NN aulaN MA ,a\et. 

n.tOC1"11•• ef tlle fl'Mh.na et _.. 8'Nle •• l tbr ..... 5 _.. 
.... ta ftp.re '-· BL. •'• vwrte& .,_ .... &ff arnall& M Ille , 
uv .. left et ,u ,._,.,..,,,•'are all n~, la .-ve. a. e11· -· · 
............ laaa NewpJ \be alW. l'M et ,1ae . .-t.g1spll ... 111n 
•1'1Mr flwn1 er • 1u4 fnnar... fb4t air ... lecl apeet••a. •• at ·'tllie 

.rlpt of lbe plle\ecnph at an all .... 1 ... a71\&1Uae la .. ••••••~ 
!be pho\1gaph 1 llu•ti-a\ •• \be Vlpbe .. If Ille urnalltat fl'M-... 
a• Hlll)e!'llld to the tart M4 l'Oap api,evaao. If \lie ft-...a floac--••• . 

a. fraotve ntl .. 1 ef t!M ~ uat INAtet .,•111•• AN 
ll1te4 1A 1a,1. IT wttll Ill• 9'"1• affuce4 la er«w et .._ ... tac ... · 
, ...... llardue1 . 

I. tu &aflal '1•• ., \he flu\ve l'&llae• ·- ., ,u • ......,. .. All 
follew1: 

n~, Pl•nr• 

!be fl'2-n• fNetv• l • uaraoltl'lnt • a --refteollac tult 
era,, r...- •4 ~l\\e& aar(ale. tlae al._ •f \Ila haetv• ahow t'-;. 
••kl..,_la a11001a, e4 II& ,11 ant le \ehann. , 

.. oq8'alliu tnave le Al MW'l•et " & )lip' ellftl? 
•• ••-' "7 r.n .. uoaa tNa taaete. Ille arir.. ef ''- fNIWN ,_., ,o --• tla, •4 UM due lla4efUM&. fbe• ~n.c'11re 11 •r•· ~,u. ta ...... 

... 

11.t.at4 !!P!Y• 
9Mt •1-6 flwttwe oeal&laa el••'• •t -.,11 \lie fllrnt * 

017d&lll.a• ,,.,.. •f ITao\we. !lie _,..,a1uae net•• •••ll,. ..._ .1,, •f ,.,ue, er ., ..... 111 a t1,nu ••n•~ 
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Frorr t •,e f or- .e.:1 ! r.f~ 1 · tA , t11e :nintmum ae-quench~d hardneu capable 
0f ;.:rod u cir"' a c0m~lr•tt> l : f i hr ,11,e fractl!re aftPr temr,erinr appears to be 
ar,r.rc.. xb:atel y 4')0 Brir.el : ,,.. ": Pn t r.e ca non content 1a in the ranee of 

I) 2~-0 , 3~'( , 

For a :,r.ie ti: ·. ~ :10..., ~ar.ufpctu rer11 Md hPRt t.rP.atPr• of armor have 
bPe r. ,1.s.-1r.1· t n.11 c o re ~~ r ,1" ~R!c' t"•t wh.,reby A.rmo r must dPvelop an ••-quenched 
corP hardnesH o~· at l•r · , LGO BHN to be conBiderP-d accer tnble. The re1ult1 of the 
fncture- exp - r1ments 1. nd ~catf! tr.e validity of the c ore hardnees teat, &Bluming 
thnt the core hArdr. Pe~ hAR t>Per ac curatPly deterr.: 1nP-d, 

•, M1croe~1nA t. 1.o r 

Spec1:'l~n" f o r m1croecop1c ••XA.minatior. ..,p,re c~1t from the 24 heat 
trPAtPd section, . Fhotomicro,:rRphe of the ~tructure1 developed by the 
VRri:Ju.: '.~'" '.1 t treatI:'lente A:"P. s hown in Fle,..:.r,..., 5 through S. 

E~cent in the CR OP.s of 1teel1 Nos. 3 and~. the heat treatment 
conshtinr.: c f WRtf'r ou.-nci.111 ,• and tempi,ring produced eorbitic microstruc­
turf!!-1 r--s·1l ti nr. fro'"1 th~ temr,Pring of conmletel~, martend tic structures. 
StP .. 16 rlos. 3 11.lld. '3 h,we in~ufficient hardenabili ty to quench out in 2" 
i;ouare ~P.cti o nR nnd c on~P.Olll"fltly eome hi~h ternperature trana!ormation 
:·rc rl u -, te "'erl'! forTred ano"l ...,at.fir quenchin~. a.-e Fi~rPe 6G Md 8V. 

Stenln t:oi; , 1 Rn rl 2 Almo11t complf'! t t>ly auench h1trdened upon oil 
ou,,. ~cr:1:-w: only VPr:-· fp.,, emnll hol~.t "d pe.tch 0 a of f4'rr1te can be found 
t r. th,. inicroetructurPs. s ,.,, Figur"' a 5B and E. Gr,.at"r or leaser amount• 
of ~t~~h t, emr erptu re trnl"!''° Orl'lP.tlon !>r od11ct11 rf>sulted frorr, the oil ~uen,:h-
1n,-'. of thia othe,,- !liX st.nils , Thei-e hi~h tempe raturl!I tr,rn1formation 
rroducta cor.at~t of f.-rrite, all tn 1h:ure (;ff, i mr"r"Pctly formed pearlite, 
Rt in 11f'.Ure hK and gT, an~ ~recipitatPI 0f r,rain boundary carbides, a• 
in Fi~rP.e f~Y. and ~T , · 

In All ca~ee, air c oo ling reaultl!d in the precipitation of ferrite 
and CArbld~~ ~t ~rain boqndariea and alonr clfl!aVa~e plane,. 

By co~rArinr the m~crostructuree with the data in Table IV it 11 
~eP.n trat the f1 brous fracture h as1ociated with tempered martenei tic 
m1 c roatru~turea er.sent ! a l l;r fr~e from the presence of high temperature 
tril1ls!' or:n11tion ::-•roducts, The cryftt&lline frActure is auociated with 
~icrostructuree coneietinr, almost entirely of high temp,.raturG tran1form.­
etion products. while :nixtJd. fracture• occur when the miorostructure, are 
!! UC ' : RS result \:hen the e. te~l 1s slack quenched to a degree intel'l!'tdiate 
be t ween watP.r Quenchi~~ and air cooling. 

C. E: f Pct ') f l·-11.:= "!"c f;tr "<1cture and Te:n,,.raturP. upon Im~mct Strength ,nd 
t•:c AopP.erance of t '1e Fracture 

X!.i;h~ s•ar. dPr d v. notch ChPrp:, im!)aCt bars wne machined from eec:h 
teat trPat~d s~ctton , T~e bars were taken from ree,ion~ equi ~istant from 
tr.e cent ,., rs and the surfa.ces of t he sections. as illu~tratP-d in ligure 9. 
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To redu(' e thP scatt~rtnr of rPaulte, t t e bottome of th~ V notche1 were 
poliPhPd to removP ell 1rrPr,t11 a ritiPR And s~ra•chPB, The poli~hinP. wat 
eccr:,r.rpliehec by hol db.1· t.he ap41!c1.,;iene e.r,111.nst a short piece of revolving 
pte.no w1 r11 c- "',•rf'Pd ,..,1 tr. Al'U.C)tne abrati1 VE'!, 

Two barR fro~ eac !1 section werP t ee t~d &t +2o0c. -10°c. -4o0c, 
I'll",;! - ::

0 c. Tte lo;.; tem; ,,c. ratur"!e wPr€ attftinf'd by lmitiE-Tlling the impact 
bar~ in~ clxturP .f dry ice and acetone and keeping t~em at temperature 
f or 15 T1nutes prior t o teetin~. 

T~P rPsu l tP of t~e tPet~ ~re ehown graphically 1n 11.p;uree 10 
t hr011f':l: l7 qn,:i thP i r. c: ivict.1.1p.l vabf'P er.~ !rectur~ retir!P'S are c-:intdned 
1r. Appen " 1 :-· A, 

Trie frecturPd eurhces -:i!' t.~f'I Ch,-rny bftrB of titefl!h Joa. 3 
And~ ere s~own in Fi~1re 18 to illuRtrat e th~ ~ff~ct of temperature 
e11d ouench1nf-' ra t e ur,,n imr e~t strength en d unon the ap'!)earance of the 
f'rpcture, 

The fo l lnwinr ot ~ervAtion!I And ~oncluAton, reRult from the 
~erlPs of 1mnPct. t~~ts nPrformP.d: 

A. Ir. s~1te o~ the fact thAt t~A ~ir eo~lPd steel• averate 
epn ro,r\ir.~ t ~ly 1•0 po1:it~ Brinell 11oft,.r thRn th.- vat"'r and oil quenched 
Rt 00 ls, tl--.t imr; p_c t e t renp-th of th-. llir eoolf'!d t1tP,i1th ill unifor.r.ly p,::- or 
P.t room te!lmerAt. u re p n r. dP.crPRl!ies to V"'T'/ loY values at reduced te11nera­
t 11r"'"-• h.qvinr mh:Pd t o c-!':,!'.talline fracturea a.t room temperature and 
complPtel;v c rveta1 l b e fractur,., at r111~11eed temperat·.iree. 

~- ThP wetP.r cpiench 0 d steel• wl-Jich becarnP- fully martenlitie 
up~n auench1n~ hnve e~ad tm~act strength. Sc~• of these steel• retain 
their ro om tean-111rcture irr.·pact strength dovn to -70°C, while othere 1hov 
e rPduct1on in impact str~ngth with a lowering of tem-perature, but the 
tmn-'lct etreneth does not dAcreg1e to the 1nme extent a• that of the 
air co )led eteele within the temperature ranin inv-.1tigetAd. 

£• Except in t he s t,Mh which almost completely ouench hardened 
in oil, the impact etrenr,th of the oil Quenched st~els le intermediate 
between that of t'1e wnter q11enchP.d and the air cooled ateeh. In 1omtt 
cese1 the room te~rerat1;.re imract strength of the oil quenched 1teel 11 
equal to or slir,1-tly r,rf'ater than that of the watn quenched steel. The 
reason for this may be thP. fact that the oil quenched 1t 0,eh undttr con­
r, ideration llVera~e a,~ roximetely 30 pointe Brinell softer that the water 
Quenched 1teele, an~, in afdttion, hA~ ouench harden~d to~ eon1iderable 
extent so that t~~ microtitructurP did not contain very lerl".e emount1 of 
~11g~ temrerature trA.n~~on:Ation rroducte • 

!• A dPcre~se in temn ~ratur~ incre~ffe• the tendency for the 
incompletely auench hardened steels tc hAve brittle frecturea end low 
1.nro~et etrengths. 
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" · I n ~f':l"'~&l it was oball!rved :.hAt the fra, .. tur@a of the Charp7 
i i'l ~ '\ r: t :)Ari' 'J ro ·· .,.r. t1t r ,, ' 'II :- fl!m;'1P.r8ture tP.ndPd to b-. lese brittle 1n 
nettre t'" fH! t '• 'J ~P " f .l e ee:n~ :1 t, !!Pll frACtured in 2''~2 11 'tl~11 f!eetion 'lite~. 
r·-., ~ p '1e ru mP non h H 1 b,, ,,~ n ·,teri b:, -111Anv 11'\Ve!'tit;."l.tora wro believe that 1 

t ... e c o na•. raiot exP.rted a-i:,on t he deformat1an of the ~1dewAlla; 1.e .. 
r rf" v e n t1on :1'° n1•: i.c~ ri ~ (:. •->·- ··! o f '.,h .. e 1••Cl !:c u 11t t !. e !'f>{' i<:Jr! 'lf fracture 1n 
:;, .:- , (- t. i> ·: t. ! -, ;,. , 1. ;; r .. R ,[J ; · -i~bl" !'v !· i, ; . ... :r! ) r ., ~·!'1 ',tl~ b~} t.t v !.or of t he 
l 11r ,~ E" ~ecttri •,A. An ) t t. - !· ·~AU~~ oft''" ~OrP bri t tle bf""levlor of larp11 
,..-. ':t i o r. ~ tA t rAc,.,~ t 0 t ·1 .. o1.tP. ef~,.ct ~:h ,, r,- 'h:v t,h• notch of the -p ro­
pr0~!'t~, rrar ~ 1A p·fpc t tv-.ly B~Ar~Pr bP CRu ~e t h e crRC ~ 1A lon~er. 
in t "' P l11r :"P !'! .,, .• • ., :: tf°'A" !n t~,.. ~r.,11ll A•·'Ct!or. , T1:• !l"ll'.ner notch 
!"P ~·.1it e l n '.'1 ' :" " ') ri t •, : ~ '.'l,.1,,_<1.vior " 11 ri"'lf' fr ... ~t ·1rt :w . 

, 
'. T'-p low 1-,~.pict ~t.re ri P-t 'r. l'lt r.-duced temr ·,arAtur~, r,f in-

c t1!7" :' l "'tPly <''.\e :-: ~'1 li n:-~Pr.e~ !ltP.P.1 exnla~r." t,.:, a ~r.,At e~t.-nt the ~enE'rally 
l • 

p ri 0 r :")" !"for"'"'rc'°' 0f l :; " ~!'Id 2" thtck c~~t Prmnr , ,, ~t1.onq which were proof 
" ! :'l'! C ~• CR'll :: 5~ tl.:, 1n J;inu.llry nn".! 1Pbrutiry of l?,43 at te:n".') .. r,iturH of 
•-1~ t o -3!:i0 r (-?F t ':,, -:'-7°C) . 9 Metallurr:1cal namination of the failing 
n la t eR TPVPBlPd t ~at ~c ~t or ti,e~ ~Ad ~ith r r been Rlftck ouenehed or 
!'O~!'l"!l~Pd in <'!\: :· f 1-~ 1 t ,: t. '.--: 1>. rd c nA'hlli ty to c:,mpletely quench harden. 

Ad ·!1 ti or.e~ ~eta uron the e~frct of microstructurP upon 
1'!r:Rct 1 t r~rP'tl1 P.r. :: · \,. t> e p r PAranc.P C1 f t he f!'P~tur,, 1,•M1 oti t ,, 1ned c!.uring 
e r r: c n t 9t •t r.;v ,:- f t ··J • il"t A1l•J - ;Yic~l c ,.,_ ,-rF~t.P.ri<'!t1.c r- of l.;_6• thick CPlt 

.l'"!l.Tl s h1e1 c n n :-i r . ' F0 .: ,· a f t.h ,, armor RPctions ~.od th.- fClllowin~ anA.lys«-s: 

~Pat _EE ... C ~n Si ~ L,_ 2-L ~ ~ 
321.5 1.L , 87 ,2! .035 0042 1.00 .07 .45 
3~72 . 32 -90 ,35 .027 .o44 . 98 .11 .45 
6L.C'5 -:q 

11 ,; ., 1. 61 ,.4~ .019 ,OlJ .17 .10 • 31 
:::,gl.l '! • 30 J~ ,3g .031 .007 2. 39 .46 

Heatf V ~':i and 3372 (Ni-Mo) have insu "t'ic1ent hP.rdenab1l1ty 
to ouench hPrden t o a c ore hRrdnees of l~O Br1nell in eection1 greater 
thnn 2" in t h1c:.:.nee ~, b.~:~. r, ini::e the shield!' "'f"re 6" in thickness, they 
we r 11 1 11 c 1, r, a :: l e c ~ O\.l. ':' r: ,: ·-; riardeninp.. Tht :r. L :r-'.>l!'tructur.- of these two 
}i~ati:; c •:msi eted or f •rrt te and ot 1,er hi~l-· tar.1 · ere.tur" transformation 
r rod uc tfl. St"e Figure l 9A • 

R'eat €i 405 (Mn-Mo) poeseuee hardenabiHty suf ficient to 
a~:f'n cL out e 2-3/l:" tl--tck 1.- la t. ~ b11t "-'ae ca~t into a )," t :1 1ck section. 
T}1e :.1 t c ro ~tri1ct11 rF o"' h,=,A.t ~llo5 was 11or'" eathfactory t~ 1an those o! 
" -~ s ~.; 3:)!..5 .'H'.C ·1: 72, :; , ; t 111,; ,:., c: •Jrta1ned S ·J 'T' f'I fPrrite and grain Joundar;v 
cufci dt3 ~ ~n n1.:.. J1 t!.on ~o "' Pher ·-> 1•:'. 1z6d sort! te. see 11,;ure 19B. 

--··----------9., Cast Armor Sct.'Co -r.'.:;1. t t P.e Report ?ro. 3r,, "Reeulte of Low Te:nperature 
'Ballistic T~ste ~r: Cast Arw ,)r Test Ple.t-,n" Wr-tertown A1·senal. 

l 
./ . 

Ma r c l1 1(. , 194 3, 

See footnote No . 3 on p~~e 5. 
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Reat 6g4g (Cr-Mo) 1a capabl~ of bPinr, completely quench 
hardened 1n A ~ect, ion (" 1n th1clcr.ess. T'1e microRtM1cture of thil ateel 
in the aa-rectived con~1t1on cone1stPd Antirely of aphero1dized •orbite 
with no hi ~h te,npPratur~ tranAfo~ation ~reduct~ anywhPre in the eec­
tion, Bfl!A 11.v,ure l9C. 

The hardn~~~ PR ~f t he f our etePla as-r~ceived were in the 
r1rn ~e of ?07-2?9 Brinell , Or. e inch thick sect1ona wPre cut fro~ heats 
12115 , 3~72, Rnd h40!:i ~nd r"heAt r reatf'd b •, ouenchinf'; in agitated water 
'"rom 1600°r Rnd tem: f'ri n~ b/'\ck to t'1e Ra.'l\e ~rdnees they originally 
possessPd. Tre l" t htck sect ions were c o~~letely quenched to martenaite 
and te:111: ,..red .in c ~- to fl snr.E'!roidi zed sorb\ te v 0 ry much like the micro­
struct•1~e of ~eat 6848 " · 

Three standard V-notch Charpy impact bRrs WP.re machined 
from the four plates in the aa-recelvP.d conn1t1on anc from the three 
:-"heat treatPd l" th1ck section~. T'1e im!)e.Ct bars were tE'!sted at room 
temperature with the following reault • representing the aTerage of the 
thret- tests : 

TABLE V 

~~ Charyy fo nact Pronerties nf Gun Shield Armor 

After 
Ae-RecAived Reheat-Treatment 

Heat Ty-pe (; ne rpy Charpy 

~ Ana::i.;pis Ft . LLs. FrA.cture Ft.Lbs 2 i'ra.ctu[• 
6~413 Cr-Mo 82 , 8 Ji brou1 

324'5 Ni ,.Mo 12.3 Crystalline 82. 7 fibroue 

l ~72 Ni-Mo 9,5 Cry• tall ine 69.4 J'ibrou1 

6405 Mn- Mo 54.l Mixed 69.1 fibrou• 

Pr.oto ~rsnhR of •_h,, fractured s11rfacP.s of t:rpical Ch,.rpy 
bars o.re Rhown in Figurl! ?O . These photographs 11: uatrate the relatiTe 
due ti 11 t :-• of tertmerprl mA .. t"'n~i t,ii enr' the br1 ttlenens of slack quenched 
s t r •..ictu rr-e . 

This ~vidence emphasizes the influence of microetructure 
upon the i~p~c ~ ~ro~rrtjes of steel. Since armor is eubJected t~ tremendoua 
impact forcps in B""rvice the steel mu.!lt h~.ve the maximum impact strength 
consistent with its hardne~A level. A homor,eneous microstruoture of tempered 
martensite will nrovidA the best combination of impact strength and hardnes •, 

The mi ~rostruct-1.1.ral details of the varioue types of iractured 
surfaces were studied , Several fractured Charpy bars were electroplated with 
nickel, aectioned pnpen~icularly to the !racturerl surfacAR and mounted in 
bakelite. The nickel plate prevented rounding of the edge of the 1pecimen 
during poU sh1nr, . A. considerable difference was observed in the &!•pearance 
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;)f t"".e frAct .i r"d ..,d1'P!I of slAck quenched and fully ou.-nched 1teele. 

'!' '1 f! frRc tn rf'! of 111\ck quench,:od ete~le nro,:ressf'!s along an 
1ir. ,- • .1. ,'H Zif"•· z~.o; t:-E1 n!1rrnrrnle.r path, 8P.e 11,ureA ?lA And 2?..A. The path of 
' • " ~ r f'Ct u r .. h !". : :. 1r.fbf'?nCP.d h;v tr.fl! crystallor;rl'lphic orientation of 
·r," ~-~·:· n•: · net1t u P."",t ~. ThPre 1t1 no deform.."lt'. cn wl-.Rteoev,,.r at the 
11 1: ,· ' ACt' nf tr· ,, frpct · . .' r1>, thf'! microcont1t.ituente bf!ine- completely un-
~ l s t ~r i ed . Cn the ot ~Pr hand, the fracturP of temperP.d marten1ite 11 
r o ·1, ·:1 t1 :1 , '. .1a 1 f" P r. w1 t 1: C:i !' s1derAblf'! df"formAti on of the i('r11.in1 in the 
\· !~~ ': ~t/ nf t r. P fr r. c:t•..:.r~, sec Fi~urf'!E 21B and. 22E . The 81"V'!!re d11tor­
t.! ~!' A e c ·-,,:· r:;Ar.:.rinp.; t'.~e frP.cturP of tempP.red !'llElrtf'!neite nicfllly account• 
f 0r ~ ~ P. c c~ nrRt!vPl y h1~h 1mvact etrength of ~he matP.rial 1n th1• 
c '.) :1d1t1on. 

T~iti e.ppenrance of the fractured surface, 18 explained b;v 
t h"ir mtcro~ t n:c: t,u r1H1 Thf! br1r:ht cry1tall1ne eht=>en of the brittle 
fr,,ct'..lre is due tc r ,, flF>cti · r.s f:-o~ the flat cryr.tsllbe foceta 1uch 
as ,4re 11 :. uAtrnU:d ir. Fir,ure 21A. The dark. pit', P.d, nonr~f'lecting 
A~penrance of the fi brc u! fr~ctur~ ra1u lt1 fro~ the jeg~ed character of 
t ~e fracture~ surfRce 

7 . li:ff,~ct of HardnPss ~on the Appearance of the fracture 

s~ctl ~na fr o~ twu s e ries ct ace inch thick cast armor pl&te• 
~e r.u1 ACt1.1rPd ; y the LP. 'ue.non St,:,Pl Fo11ndry and the lCehey-Hayee Wheel 
Co . 5 ren,e:tnf' in h=1rdnPA~ fro; 2tu to api:roximately 360 Brinell were 
frncturPd under the stram hem~~r both at ~70°1' and -7rf'I to determine 
·.h.• eff Pct of oo th "r. ar1ner,s and tem:1eraturf! upon the l\pr.earance of the 
~·rA.cture , 

Data covering tr.e one inch tr.ick caet pletee Are contained in 

r:- < __ S_e_e_f_o_o_t_n_o_t_P_B on JJ&gP. 5. --·------
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~- ., -10-1. '-'uoa l\eel 'fo•dJ7 plate q90 Ma a orr•lalltu 
traotve. •" Jlpre 27•. "1• •t•el bat beea lllut tumellet aa4 t • •••..-\ly ~rlt\le at low taperaturea. 

o. tile frub.J'e1 of all \be o\her 1\eel.1 ar, reaop11&\1' 
ft\re.1 ai -10••· ft• ~e et the traoan 11, boftftl', CMll.&M 
fNII \ha\ a\ +70-J, parU1uarl7 c the hiper lluueea lnel•• !be 
fl'ao\ve at -JO-~ \IMa ,o , .... tlaUv ul MTe INftlar la......,.. .. 
•• ,.._ ....._ 1 ......... , .. l'illll'•• 231 u4 I. the fnowr• alUl 
re\alaa Ille 4allt aoar,n .. u-, Clualltl•a of the tn.l.7 fibNll• fruw,e 

# 

-.& ,..e, •• a1nae u7 of tbe ell.- of tH c17e\all1u fl-Mare. 

~ ..... fhcaaaoe wa1 no\e4 on UL• Ualoa lt•l Oatrtl., 
DlT1a1u' • trac\ure tut bar. M ~e et ()f ,he Nr tM"per.._ at ,h• 
lover teaperatve,. \be t'raotve va• •ch ... other tba 1a tu n _... 

• •a• whleb bat 'Me ,-,er.« at M t;llv t-,.,.'11re1. 

I. tr:teet of late of l.eaUy !IP!• \ff Ml•!!!I •( ~ ht!!!!t 

fwe aa6• N0'1•1 .... mt fNII Mob If ... al ...... flatN 
of TUl••· -...1 taaqN• _, aiel'l•tn•--·· !lie .. u •• ._.. · 
ao\ebe4 wt\ll M &bnllT• ,_.,.,ft .aLNl. Gae pt ... et_. .... 1 ... 
fl'actare4 •t.• the ll!IJM\ 11.ew et a ,,_ terge ll1ner au ~ ••w . 
aur ''• b. ... et a \•all• _hl .. at rate ef 1eal ..,11oauea et fDGO 
,nacl• pa ••'•• wUll tbe tellntac retllllt•: 

• .. -- traotve ... .i,uc ,._ •• ,..,._ \Nale -· 
oeapl•tel.7 or,elallb.e, tDe ~-• .... ~ hN4 et tile '•.tle ••hi• 
-. al• eoapl•t~l7 ar,-e,alllae. 

!• Ia ... O&NI, •en ,~ fnet1lJ"• f!"flll \he s.,.o, ffeM -· 
cze4, UI• fneh.re •4• ~e Ilea& et \lae \•ell• ••Id .. •• al• •- . 
'8 the .. e ext•t. · 

.l• lalenll7, i.owwer, ,._ lu fN.etve Ina \b ~' ~1-
*• Iii set, the huare a.ur tu heat of the '•Ill• -.Mu •• ... 
tlbnae ta natve. la 10• •H•. the 8109 n.\e of 1tra1atac nl'r .. l 
-,letel7 ftweu trao\uffl la 'Che uae •tel'tnl wlcb 'Nlt9 with a 
auet tne,ve •ta \Ile tt- hlllller . 

la Tl• et \be &NT• renll•. \he hullln e\Wael.,.. aa ,..._, 
l>lew it -h aore ... t111 •• a er1w1• fer J•tll,.. '- ewac,ertlllo• 
• f .,...r \Mil that o'b\alaed lr a el.ow ra\e el lo&t anl'-Uea. 
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9, GenPral Constderattone 

Tte SPr1Ps o• en:P.rt rn P.nt" pP.rformed npon s+APlB of varioufl 
c•w'll1ce~ ,rnAlYEPR A'!':cl 1'. Pftt trest'.'.".entA in,'.tcAtf' that the arpearance of 
th.,. frn c t -~!"t> i i:; An n:celler.t r,auge or th.I• dAP,rP" of ouench hArd.ening of 
" ntor e +, eP l s . T~.e fibro ,111 frn~ture 'iA8 bner p,r.eociated with te11ner~d 
-~,ntr::-.s~t 4 c :-:i!.crostructur,., hip:h 1rr:r'\ct strength, and the opUIDUll com­
b1nat.ton of •·,.,r-dnen and toughness. Wlien the fracture 1a cryst:.alline 
or m1xed, th• tn1t'r 0structurf' is hetProgeneoue, the room temperature 
t"'!ir ct !:' tren,~ tri 1s r,enerally poor, and the impact strength at reduced 
temrArAturPB 1! plw~y~ low. 

The fruct~1re teet, to be of reAl VAlue, mufft incorporate the 
f ol .. cw1n:: feat11re!II : 

l:· T~e tPst 8arnrile s hould 1-: e poured froir; the same :1eat al' 
t-"~ ttr'7 c r co:..yone:,te it rep-:-f'sents. 

b " Ti.e, tPst sa:r:le ehould bP equal in thicknese to the heaviest 
-·~ction of th;:, ar:r. ,,r c:n :np0"en+,s 1 t represents A.nd of e size au ... ficient to 
have &'!'>T' r0dme tel;v the sa.:ne co )lin~ rate e.e the crmor component, upon 
quimchir.p., so t"\E't to th wot..lrl. r"s-r. ond id1antically to heat tr,.at:nent. 

_ The tPst sample should be hfl!at tr~ated with the armor com­
•·onP.n ta it ?"Pnrf'!11er. h to eliminate the variables encount 0 red in normal 
h,-at treating 9r~ctice. 

d. TJ-,.,. teat RM:" le should bE' notched in such R faehion that 
,:i,.- A.r~a of t hto f!'acturP.d Rurft:iCl'I 1hould be et least equal to T x T 
whf're T le tr,e thick.nf'!88 nf the test !119_..,, _, ]_,, . 

e, Thfl! tPet aMrlf? s"rmld b f! ~::-0:~en 1;;v ,:m imrie.ct blow, either 
· ;:, ,'Pr P. f0rr:e ~am•1r::-. or br any othPr fnllir,· wei.i:ht mech&ni111m. 

T\.iP rr:-ict T r' F' "..0~t rH1 outlined above can be PPsiJ.y pPrforn:ed by the 
9tPel pro~ucere Rnd Ordnance insnectore can be readily trained to in­
ternret the fracturPs . The application of the fracture tAet will greatly 
P..xpedite the production of eatiefe.ctory armor through the control it 
will exert over hPat treatment. 

During th~ time that the exp~rimen~al work wae being performed, 
frncture test samrlP-R were tak~n from many plate, which had been 1ub­
Jected to f1r1n~ t"sts at Aberdeen Proving Ground. It was found that 
no plate havin~ a fibrous fracture failed the ballistic teat. her7 
plate that fail~d t~e ballistic teat showed eithP.r a cry1talline or a 
mixed fracture, while RPVPral of the plates t~at did meet the ballistic 
req~ire~ents also hAd crystalline or mixed frecturee. Theee re1ult1 
indicllte that t~' e fra~ture te1t 1e more criticl!l than the preaent 
~allietic tP8te in diffPrentiating betw~en well and poorly heat treated 
armor 
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BecAuse the fracture t~,t 11 mor~ crltlcRl tr.an the ball11tic 
te111t, it ls conceivable thP..t the 1uccea~ful &f"'' l1c,it1on of the 
fracture tPst may vr•ry well lMd to rertuced bRll 11t1c testing; a ff.ctor 
~hich would r.reAtly ~XFedite production of e.rmor co~ponent1. 
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