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W&iario• lr• en.al lialaeratoq 

llaoranm llfPor, lwalaer W. 1~0/ 60.~ 

J1aal. &c,or, on Pro l>lp B-~, 27 

lltyl.lurpcal .lxuinaUon of Jou.rie~ 

1/r lolled. Bomogeneou1 .6.raor Platoc 

5 .April 191'4 

llei&l.lvgioal esetnai;ion, 1nclu41nc Jrinell barue11 
4eit1'111Aaiioa,. aaoroeioh te1\1, fraoive teeta for ateel 
acnmdae11 aa4 re1pon11 • heat treat••'• ud miaroaoopio · 
eze!uUon, vaa oondllo\ed. on eaoh of touneen (ii.) 3/...- 'I'\• 

ha•1c••• aner plate• hmilhed. 'b7 treat Lakee l\etl 
OlrporaUen and. t11ttd a, !ht Ordnuoe Be•earoh Oenter •• 
a pct of the etfeo\ ot b&rclneH proll'•• Steel aouncln.eu, 
WS.Ul reirgeot to tr,eua tPGm lp1ua~••• •• aat1ataow17 
1Jl all p1&,,1 aoapi on,f(Bum'ber 155). All Jls.te• ba4 'It .. 
1a'11tuten>., heat tr•ted •• inclioated \7 the fi)re teat 
•4 aioro ... pio e:reto.,t1on. (-----

1. A.1 ret_U• aiK lt7' !he Ord.nano• Re11coh Omier, Deriem ProTS.nc 
aromt, A.P.I. ~70.5/4170 - Vb i.70.5/9053. aeiallvdoal eza11iution 
ha• \em ooaplete4 oa .-pl•• from tourhea (14) J/8 inlh homocceou• 
UIIOI' plate• of TU'ln.1 bardD11•e1 fv.rnilhed. 'b7 lreat laat• a itHl 
OorporaUOJL aaA ie•ted. ai fhe Orduno• lle•earoh C111ter a, a part of ihe 
1tt19i ot hardaeH pnp:a. ill platt1 were rolled from the uae h•\ 
ot Heel, a bip harun.ab111'7 mangan11 .. abro11lum-mol..ybteuwa anal71la 
vea\ecl with a boron ad.dition. Balll1t1c re•u.lh tlill °De r-:porttd in 
llaport AD-5la. et !he Ord.nan•• lle1earoh Cmter. 

2. Kdallurgiaal 1.uminatlon 1nclude4 the following teat11 

.!• Br1Jl.U h&rdnHI d.eterminationlo UNCLASSlfJCn 
l• Jlaoro etoh , .. , •· , J;J,I 
!• Jraotur• heh for ateel 10unclae11 in t.1e iwo rollln& directiona. 

A• Jraonre iH\ tor re1ponH to nee.\ i.reatuen\ (fibre Teat.) . 

.l• JU.aroaoeple IUIDin.ation. 
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3. The details ,yf' t "l e !!l P. tA11Urf'1~fl l e.,:8Jllin ri ti ·1 ns e re Al! f o llowsf 

a. Brin"'ll hn rdnP-•a. BrinPll h~rdne~ q ~P.termin~ti nne w~re made 
on one fP. ce of eAch plAt ~ Af t er cpr~ful P.rinr.i np t o a depth of 1/16 inch 
to rfl!'tl r-,ve A.11 ~ec P. rbu rizati 0n . lmprP G~i on!'I W"ll'fl! 1lA.de with !!. s tanoard 
Brin@!ll 11111chin-. tud.nP 11. 3000 kilol<'r~!D loPd and e 10 MM tun .o:sten carbide 
b,tl l . The vdu~" rep0rtP.d belov nrf! °oe.RP.d upon f , ur impreslli<'nR on ea.ch 
phte. 

Brinell HarcnPA~ RP.enltA 

Plnte No 1 Range BHN Avn1u:;• BHN Fli!:te No 2 Rrul .c:e ~HN AvP-rae;e .BHN 

29 401 401 42 ~63 3Fi 3 

31 3~g_4ol 391 153 444 444 

33 36J.-388 382 154 429-444 440 

35 3gg 3gg 155 429 429 

38 341-3113 352 156 321-331 323 

39 341 ,41 157 311-321 316 

41 388 3gg 158 293-302 300 

HArdne.Rt1 v,ilu"!R WP.re t1u!fichntly uniform on fl!ACh pla te to ind ic,.te 
eom!)lete quench hArd.enin .. "' f ollowed by an Adeouate tempAring cycle to give 
uniform h.strdnea R t hr our-;hout the plates. 

J!. Macroetoh te~t,. Th P. rP.sult1 of t r. e m~cr~etch te1tt1 8re 1hown 
a1 Fip:ure 1. SA~rep,ntion 1~ a~pr.rP,nt in the majority of th~ pl~tea but 
not to a harmful ~egree. Speoimena from plP.te1 1~4, 156, 157, ~nd 1~8 are 
lonr, itudinal; the balance are transvP.rsP. spPcimP.ns. In photo~raphin~ 
the !HCtione, the fi ru r e l we.1 mbtek1imly pr'"fn ced to t he plate number, 
of ;:ile.te11 in t hP. fint r. r onp, numb~r8 29 - 42. 

c. Fr cture t Aata for ateel 11 nundneRs an~ re1non se to heat 
rPAtment-(Fihre Te~t. Fracture tests f nr ~tePl qaundne~~ ~ere made on 

~necim~nt from "~ch plAte in both directions of rolling after the &Amplea 
had been tempn"'d At 1050°1' t o yield e. hardneRs 0f app roxiI11P..tfl'ly 300-330 
Brinell. The tf!!mnered eam!)le11 "'erP broken sl owly in l'l.n arbor press. The 
fibre tP.~t SAm'):: lPR "' "'re frRetured in the ~-t"-rP.CP.ived hP.at treated condition. 
SamplP.8 Approd:nAtely ?" wide werP nn tc l-led in equi ·1.htEintly from eP. ch 
sioe l P. evin~ a i" len{th nf ~racturP, and brokP.n uniformly rapidly by a 
blow fr om a steAffl for fl, e ha rn.r,1er. The reeulh af the two te s t, Are £ti own 
below: 

'('' r~ r r ·~ v:"' ·-~1 , _ . 



H.P:S'I'RI CTJW 

Frncture TP,At ReAultA 

_, ~ Soundne~~ Tests 
Plate No, •Loneitudin~l Tr~nsvPrse 

29 B B 

31 

~3 

35 

39 

41 

42 

153 

154 

155 

15Fi 

157 

158 

B 

B 

B 

B 

B 

B 

B 

B 

B 

D 

B 

C 

B 

B 

B 

B 

B 

B 

C 

C 

B 

D 

C 

B 

B 

r1 bre 'l' ewt 
DirPction Ratine 

Tran!lvPr~e Mixed (h1 r h hArdness) 

TransvP.rse MixPd (h1 ~h hnrdnPee) 

Trr..ni:;vP.r~e Fibrous 

Tn1.n~viorse Fibrous 

Trnn,:, verse ~~1 brm:s 

Trnnnvr-rse Fibrous 

Transverst rlixed. (high hardneAs) 

Lone1 tud inA 1 ,·tixed ( hi r,h ha rdneAe) 

TransvPrse ~ix~d (hiph hn rdnes s ) 

Lon~itudlnal Fibrous 

Lond tud in Fl l Fi brons 

Lonr,itudinal Fibrous 

•Longitudinal - pla.ne ,, f f r <i c b re parallel to ma,J 0r r 1l linF: direction. 

Specb,ens fnr f'lti:iel s onndne!li: ~-ere rR ted in 1o cc ordP.nce 1•1t'1 the standards 
of anecif1.catl0n AXS-4 88, ReviAinn ?. The frfl.cture test!! cl.i d not show 
th"! "woody" tY:Je frncture to an apprPcieblP. clep--r~e. Tl:e fi bre te11t 
frnctur•s of :plAtee in e-r.cl'.ls!I of 3~1 },rlnell in hP.rd r. el'ls 8\,iowed a s!'IAll 
a.mount of crystAllini t,y .,.h ich h a functi.,n of t.,_e 11te i? l analyRis and the 
hardn~"s nnd doP.s not reflect poor ha~t trPatme~t or inco~r letP. ouench 
rardeninP.. 

do Microscnpic namin1:.!J.2!1. Specb"!n~ fr ,, m ~-ach plate were 
ex(l/111.n""d for ounnttt;v tt.n<1 tY"(Je of n ::inmetrllic 1ncln~1ons, grA.in she, 
decArburi7.Rtion. an1 mAtallor,nrphic structur111, T~i:, E."-a ~n sizE'. dPterminP.d 
by micro1:1c,_riic r.lP.A.nA on several plntes , wn.R A. uniform 6 - 7 A.S.T,M. 
Decerburhatton was ne .';1 1.,:lble, The re,mlts of th"! m1croecopic exam­
in~tion on each plnte are repnrted below. 

-}-



RESTRICT ED 

(1). Plate ?. 98 BHN 401, Strinp:Prs of alumina tn1e inclusions 
well d1spersE'd t h r oughout section. TempP.red mP.. rte'l'l 3itic !structure. 

(2). Pl Rte 31, Bffi\l 391. ClMn t;l t P.t11l, r. ont o.ininr, scattered 
1rnlphide and silicat e inc . ueions. Te rn~ 1P.r P.d m.'l rt en21tic structurP., 

(3) . Pl t> te 33 1 13!-IJT 3e:2. Cl ean steel, cont ~dn inl' scattered 
i::ulphi d e P. nd sili c:\ tf! inc h sioris ·. 'l1 P. rn ,r1 e rP.d 7a rten8itic !!tructure. 

( LL), ~late 351 EHN 388. St rin ~P.rs of a1Ulll1na type inclusions 
well c1 i~pF:!!'!!il!d thrcm ,~hout section. 'l' e :1ro1:>red mart ens itic structure. 

( 5), Plate 33, BHN 352. Fe.irl ~, clP. l'!.n fl t eel with !!1l1cAte 
1nclns1.ons wPll distribut e<l . TempP.r ed ml'! rtenl!itic s tructure 
pro~inent ~Arbi ~~s. 

(6). Pl nte 39, 13HN 341. Fairly h fr"i c nr.cen t ·stion of 
!!ilicnte inclusi ons at cent Pr of SPCtinn, ~! ~i lP r t 0 pl~te 155, 
RP.e Fteure ?B, Temnered mart.,ntli tic structure. 

( 7). Ple.te 41 8 BHN 3fH~. 1'1tirly hig~ c •1 ncentrati on of 
alumina t:'f!)e inc lndon!! ..,,e ll d.1!!tr!bnted thrnw,;r.au t the Rl!Ction, 
!ef! 1''1.r:tirfl! 2A. Tem·oe r ed , flT'tl"n&1t1.c ~tructn ~e. 

(~). PlA.te 42 1 UHN 3h3 0 

~1Rtribut~n eilic~te inclusi on~. 
f1 P.e. Figure 2D, 

(9). Pl~te 153, BHN 444. 
n1Rtr1butPd silicate i nclusions. 

(10). Pla te 1'11.11 BHN i~40, 
c1stributed Rilicate inclu1ions. 
eee Figure 2E. 

Fd rl:v clefln eteel with ,miforaly 
Ter.irerPd 1iartensl tic structure, 

Fairly clean steel with uniformly 
TempP.rAd rna.rtenei tic RtructurA. , 

Fairly ~lean 1tMl with uniformly 
Tempered ,nA.rtensitic structure, 

(11). Plate 155, BHN 429. Fairly hi ph C"ncentratbn of RilicPte 
inclusion s , especial l y At center of Aection, see Fi ~ re 2B. Tempered 
mArtene1 tic structure. 

(12). Plete 1561 BHN 323. Fairly hiP;h c oncen tration of silicate 
incluAions, f'l!l !'~C1A l l y 11.t centP.r of eecti on . f a• p "' red martenAitic 
structu re. 

(13). Pl r:i te 157. BHN 316. TrA.n ~vnse mi c r o~~•e ci men. Feirly 
clenn st eel with r ili ce te 1ncluf>i ons wP.1 1 <! h t ribn t ed , SPf' ~'i~ra 20 0 

Tempe red martensit1.c s t ructure, seP. Fi f..:11 rE' 2F. 

(14). Pl <J t e 1'18 1 BHN 300. Fntrl:, hi ~h c onc Pnt r a.ti on of 
s111cnte incluf'l i on" wf\ 11 di r, tributP.d , Tem!)P.rP-d mf1rten!31tic structure. 

' > 

'-
' 
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~teel eleanlinP.ss ie bel1ev~d to be 5atisfACtory. Alt hou~h t hP. nonmetal l ic 
content WA.B fairly hi d , in s ome ens~!'!, the inclusions were well dietribut"'d 
in the maj ority of t he pl ,lt es. HeRt treAtment was unif ormly eatisfactory 
in nll CR&es as evidenced b~ t he uni fo rm t emperqd ::mrtensitic structures. 

4, All p ln.tP.!'I but one (numbf' r 15'5) arA co n~i de red t o be satisfF1.ct ory 
with respect to f r e~d om fr 0m le.mination~. .--i ~e.t t rPatment wee propP.rly 
c n rr11>d ou t on a stftel of ,, de rua te h~ rdenabil 1ty t ') 1~r -, '1uc e uniform 
tem;J 0 red nArtensi tic micro~ trnctures . 

- 5-

N. A. MA'?TH~WS 
Ma J~r. OrdnRnce ~ept, 

. 

----------
-,lo~-;-;;1-;~ ~ 0 ~-- --- . 

\ I ! TlS GHA&l 
1 r ,1• 1 r, TAB 
: ' .·,'..,:1,i, ow.1oed 

J ,3t ific e tion----, 

By---------, 
n1str1but1~~'-----. 

- -A~~1 l{.~~1_1.,:_! __ c_o~_d 
---- -- Ave.11 Emil/or 

Di.st Spee1al 

/l-i 
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k~ 't".'l' LAK ?J ..i '.!.1 S::::. Cu HPO.RA'l'l'. '. : 

Typi r: Al \o nmc t:illic h ;:l ud -, nr. .- ,n 11 Mtr::r ~·;t r ,: ' 1, -tr es 

Xl00 - ~nll!tched Xl000 f I crril Etch 

-. .... • ·••·· ....... • .... ... . . 

A. Pbtll! l,J. ~trtn P:,,rl! 0f :tlumiM. 
typflt tncl u1d nnfl ·••Pl ~ ,Hstdb•1tr--d

0 

.Jj• .Pl,.te, 5';. High C·i nCll!ntrt'.t i1.,nc of 
1lllc~ie 1~clus1ons nt center of ~lrte, 

D. PlC?tP. 42, ~ -~ B1~. 

mnrtens1 t fc ~true t ~1 rP., 

• • • - • A .,., .... .., , ••• r: • ' •• <, ,~ : ..,, •• ":\ ---•• • · ' · •I ~~ • . _, . ;...~-: , ... ... "":, - " . •,, - .• ~ -~- , :.. ... ~.r•,~~•. :.. ·.--,;llr~\ ,...._,-_ . ..;~ .. 
• ·. -. :• ~,, '.-•- -~-,~•:;..,1 ._ .... . ,.,.,:•• \- ,,,~(:-..=-~,.. • .,".:, .... ~ 
"-.~ 'f ·:••~l-~~\~._ · :~•,•, . , . ~- }~~~\':·,~ - ~·.('~••: 
.. .. .. }.0---~ '~~~ -' . _ .. .... , · ·. •• -~ ~ -~ · .. ·7i,;Aj ·. ,-.. .. -.:: __ _. ,., .' .. -. ..._;,~~-:-; t.:/:;:-'~t-~~- >:~£--~ .. ~~~:-" .. ~,-,_L;• .~ ~~ 
:: ... -~,~~--~ .... ~ . .,.,:,,: ,,-;.,!,-,,~~!:"-t~>~7'.,.'J{ '. ,: r?~;,r..:-!:r-· • ...;,·-.. /_ ....... . 
. .. · l ., .!" ✓.- -; - - ~ -· , . ' , ,, ·.· ~~!' . •"": .• ,, .•• ·•,ii&<· . ·, ·' . 

• • · ~~. -~ - 1 r ""-:.--.,"i r-~'..r ~;f .• ~ ..... .,..,_, •••··-!'.' ··• , ·· • .";, ... : .... _...,, i_. t~: ·.~•~.·~ :'~'~);::'!~~;~.-P"t[1,,T t,·i<i-f,,j:;_ ·, f , ,. , • • 

., . . . r. , . · ~ , . .. · .. q,/. ... . . . l:;"Jl/ " ·'.J . ' ~.,::."-~ ~.~:~-.. ~~t; .. \,7 ; 5, .,•.,: •. .::,11.,;i,r,,..,.• .-..: . : / 
:,. ::- ,,;;-:;..,.;._.·:~ .; ,. .,; ~, ,,. ~-_y.;;·. ·.-:··;r:· -:.: 1·.~· ',/_,'., 
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·-.:.: 

' ; .. _ :·:.: ·., _ ~ ., 
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~ • .PlAte c::;L, ld1Q ,.lKi~. 
martfl!n~itic P-t r · .. ~t itrP, 
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