


; 
.I 

, : : 
,·· 

Report No. 710/459 ' 
Watertown Arsenal 
Prt1blem B_;ll 

-::<•., .- . ' ' '.,I 'a' ·n.'' •,, ,,,. ,. •· •.,v, .i' ~-~•':' , ,,or, (!) 
·1 ~ ;, . , .' :.', ....... ~ ~""- ~ •• ,. ••• ,. • L l' _ .. :.:.1 

IJ. '~l \' ··'l •; ;1 ... ~··11. ?( J \.f<~, • 

. ' ,, ' ' . . . ... :, , ; , . . ,, 

', i, ' D :;:~,~ ~~liNCEASS·IRE 
ffl .. BlfJftl,-'li~u n ' ; ~' "t"l l:11 -f"''"·•' • 

, __ · . . H, .. "i ll t t.~.~i ....... 
ABM OR PLATE - -FACE HARDENED • .· · . . ,/ .!.~~ r.~· t ~ C1" r. l'{' '-,U. . 

· I .C.'·' "'\l! Ift. ~u, (:.. Ir... ' 
. . ' . ' . •' '. . . . -~. ti,~~. .., -~ , 

Ballistic and. Metallurgical _ 1nveat1t%a~ion of ~ t .. OE"''' ,.. , 1 

· Experimental Low Alloy Face Hardened Armor ~ ·· 
. } J .:,_,ur . l 
·y ;:~· "J/ 

A·. OBJECT · -~- ' 
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·' 

Thia work was undertak:ell at the recommendation: of the Su.bcorrimittee 
on Rolled Aircraft Armor of the Ferrous Metallurgi-cal ·:Ad.viaory· Boar(f .. 
A summary of the meetinr, at which the recommende.tion was made and other 
pe:rtinent correspondence are ahown a,., appendices. 

OOMOL USI OMS 

l, Of the compositions studied, those steels whicp satiefectorily 
withstood all the ~~ll~stic tests were the J~ lfi-,.Or-Mo and the 3% Ni-Mo 
typ~,s. The steels · showing 80me promise, but whose results wex,e not as 
consistent •. were the 2'~ Ni-Mo-V anq. the i-1/4% Or--Mo-V types . 

. . . ' . 

2. There was no correlation between the composition of .. t~a .P.~f•tes 
investigated and their resistance to the standard penetration ana' s;O:oek 
test. The ballistic limit.a of all plates were in excess of the require:.. 
men ts while ,their resistance to shock was somewhat erra.tic , · 

3. The nickel bearing steels (2-3% nickel) i:md the :Or.-Mo:..V \coJ!IPo­
sition were more effective in resisting the impacts :6£_ ' yawed •caliber :. 
,50 ~ M2 projeo_tiles than thfl other non,-.nickel; ·•frearfog steels. · ' ·. :.'r. 

4. ';fue wa.ter quenched face hardened plates showed mort=J evidence 
of bri ttlenesa, under the shock_ of yawed impacts than the oil quenched 
plates • 

.5. The armor plate carb\µ'h:t=Jcl _in the liquid salt· bath showed' more . 
of a tel',dency to face s-oall under the standard nenetration test than; i: the 
pl,ate pack: carburized at thP. , final gagP. 91· in ~iab form.,befo;rP. i,qlli?tg . 
tb th,e f;nal gage. ·. · · ·. · · , · .,., : t lHU. · · • •. ·. 

. ;6 • .• The . ~~l,lowi~g correlation ibJi~~~~ :ballisti~ 1'and'Wt_alffu.k~~,,,i 
properties was ::1:tt•erTed.& ,· .·' : · ' : : '! ' ' W ~ .i.'iwi< .Wi:'fJ-"': , ,·· 
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~1.t @f~ctory J?erformancP. of the Cr-Mo - V composition 

., ' ''"11' ~, .Ja~ a:l:{e J'.""'~1ar'f sf a'. ' ·t'S~y com"oinati L)'l )f hardness and toughnFlSS of the 

• .. 
core anc.. the prP.s ence of only 1 sm~,11 amount of ferrite in a. tempered 
martensi ti-c structure of the core. 

• · £· The unsatisfactory performance of the non-nickel bP-aring 
••·els was generally associated with a low core hardness and segrega­

tions of ferrite in the core. 

~. The tendE=mcy to face spall of the non-niclrnl bearing 
steels when carburiz-ed. in liquid salt baths was associated with the 
presence of a large amount of undissolved carbides in the carburized 
case. An annealing cycle or case mi ~ration treatment prioir to the 
ballistic heat treatment would probably eliminate· tbie car.bide condi­
tion by diffusin~ tha· carbide into the plate. 

e. No correlation was found between the small amounts of 
retained austenite in the carburized cnses of the plates and their 
ballistic behavior. 
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INTRODUCTION 

, • In connection with a program to determine :the effect of ya,..!ed 
impacts of Caliber • 50 armor piercing bullets on ari)l0r plate of se­
lected low alloy compositions as outlined at the 'meeting of the 
Research Subgroup for Light Aircraft .iµ,nor, held in Philadelphia, Pa. , 
December 3, 1941, a aeries of 3/8 11 face hardened armor plates of low 

, alloy content were fabricated and aub.sElquently tested: and: examined at 
Watertown Arsenal • . In order to compaJ:"e t~e •effect of various: c~~"!' 
buring· methodi; and heat treatments on ··the .ballisti.c performance ,of this 
experimental armor, the services of three armor plate. manufacturel's 
were enlisted to assist in the· fabrication. 

:Salli stic results have been. r~ported· J>reviously, t .o inp.uetfial 
. . members of the Subcommittee on :Rollf.cl: Armor., . · Tnis report has be~n . 

written in order to have. a. rec·orq. .of, ' thP. co!llPht~ ballistic and 
metallurgical. study of the sev.Em compositions referr:ed, to .. bP.low. • 

Sevem ~xperimentai ingots c/ tv~i:ious low allo~• compositione.,w,ere 
cast at Wa.tP.rtown Arsenal and f~r'f.a,r4.,d to Henry Disston & Sons, inc., 
whP.re ~he greatl'lr :part of e13,qh 1~.li\s .. roll!;!d into 3/8'.' plat,~, for 1;1ui;)se­
qu1mt hee.t . tr~aJ::.1ent b;y oth~r , firms • . , Th;~ r .E;imainil'l.g acceptable p;rq-

. duct ,9f ~El,ch ingot, J:'olled in~9 . ll' -~lQ.b1h wa£1;, pe,ck ca:rpurizAd 't!y · .. ,. 
.Disston and. ther ~efter rolled ~n~o .. thP. rin~l, 3/811, ga.g.e, , Of ~p.e .orig­
inal plato. .. ro:P,ed. into final gage wi tho\l,t carlrur,ization, . spr.u=i , from 
each in~9:p .w.~z:e proCf;!BS~d by Dh:t,old . Safe .a::g.~ Lo.ck Cot.lp!mY, by p,ck 
carburhing the plate in its final thickness, and ,.some from· .flach. 
~ngot 1ti'ere processed by the Breeze C9;rp1Jra.~,ior,,s., . bY-. +iqui<i c~buri.zing 
in a . sa.lt bath. , The heat treatments usfld .by· the ·t11re~ fabrfoators · 
wer.e similar e:i.c:o~p~ for the quen<?hin~ op~ra,~~on.~ .. . , .• · · · · 

• " . , • • ' • , , ' • , ' , • • • • • ·• . I • '., •• .,.. • .' , ' •~ /· •• ... • • ,. 

Disston qu,mc)led tha pla:tes , in water ": or' itC·on dependi~g. upon the 
. composition~ Di'ebold. oil quenched' the . plat'ee, ~a; 'Er'eeze employed a 
· delaye'd . oil'. queri'ching ·· pr6cees .t :o · 1essen: ·the · ~eriden~y' to~d . face . :spalling • 
. ' De~ailf o_f ~;le fabric~ti~n ,?,f ~he ~~at"~s::~e)~:s~#b~(.~;} ,Inclos~e A~ 
· Plates from ·ea.cir C)f tne seven .~rnate tre~ted by Di'sston we:r~ f:!Ubrni~ted 
' in the' standard size of 36 11x36i•i3J:8il ,: whi;};~ pla!t ,~s. ifom . P,~C!l .of tht3 
seven heats treated by Breeze, were sub.mi tted a~ .l8xl8x3/8 11 , · the other 

. _portions hiwing been c~msume~ ill th_e , oo~pap.y's p'ilqt _ te.s~~. 
' ·• , , ' ;, ,' • · , , : , , 1 ' • r • ; : , . ' '.' ',., , ,-: , ' '1 1_, ', :,' I ''i ,I.,. .• , t , ·, 

: · There , 1$, E!hbwn in ·Te.bl'e I : a: schedule,! of the · exp·erimental plates, 
tes~ed: end·i examined at ,Wa.tertowii Aref.lnal ;: wh1ch' ·~e ' considered in thie 
r 'epott. : :. The detaiils 1of 1 fabrica.tion'' are co·nsiliered. in Incloau.rA '. 1,Ar,' and. 
· correspondence with t he fa.brica.tor 's :i"if contain~d1 1n· ;J\.:pp,~ndi* A'; \ : : : 

. .. , .!: ! ; ··, ,:i , I .. . ' !'.I, 
', 

l. Ba.llietio Tests 
. . . 

. . Ball:istic tests were . conduct Ad at., '.\'S:tertown Ar.senal on the 1 
groups of plates tre~ted by Disston,, D,:~bo'.).d,1' and Bre.~zt'! as followsr 1

' 
. . ' ~ ·I '. ·, ' : . ' ',. ' . ' . . ' . . . 1 • ,; I ·I' I ,'•'. I ; . ' ' '' . ' . ., : .1, ' 

':: :a, Fii-et I two ai'rriy ballistic .limit's /,ier'e obtainE'!d, one ,at ., each. ·· 
of two :opposite CQrners o;f' ~Mh p~atA, ;1lrHAg i'Ce.l.1;!:!ei, ~30. M2 plat~..,: 
hatin~ ;~mor ~i ~r .cin'~ bul;ets f1red 1.a \ 'n~!J?S:l·\fr~m a conven~io?l9:! } .. 

' ,' ' t :· I ' ' .'i:: :r.\l 11''i :i . ,,:'1 I:·:: i I,,~ •. i:1 :; . . .1 
;: 1, •• /l·~ ·1::·' :,i:(;f:,·,·;'.j 
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caliber . 30 MP.lln barrel. 

:£. Ser:on cl , a shock test was c·onducted on the center or 
opposite corners of each plate by· the normal impact of one or two 
bursts of five rounds from a caliber .30 machine gun using· service 
caliber ,30 M2 armor piercing bullets. 

c. Third, an army hallistic limit was obtained on the center 
of · each plate by the yawed impacts of cali'ber .50 M2 plate-testing 
armor piercing bullets fired through tipping screens from · a caliber . 50 
B~G M2 barrel. 

In some cases, bees.use of the absence of an undamaged area, 
the determination of an actual ballistic limit with yawed caliber .50 
A.P. bullets was impossible on the Breeze plates, which had beeri sub-
mitted in the reduc(:ld size of l8 11xl8 11 • · Machine gun shock teats. on·· the 
Breeze plates consisted of two bursts of 5 rounds eacl:i, while shock 
tests on the Disston and Diebold plates consisted of but one burst of 
5 rounds. · · · 

The locations · and positions of the tipping screens used,, in 
producing the yawed impacts of caliber • 50 A.P. bullets are shown in 
Figure 9, Bullets travel:l,ng toward the plate were ya.wed or tippAd' in 
passing through the first screen, and were ·sta.bilize::d in their• yawed 
or 11 sidewise 11 flight by passing through the second screen so that they 
struck the plate flat rather than with their po'ints forward. 

2. Metallurgical 'Examj,riation 

.!\.ft Ar complfltion : ef the ba.llistit:(tests' ' the -piatF.!S WP.rP 

sectioned for e. metallurgical. eti.,1.dy which included a lay13r carbon anal­
ysis , through the hyper-eutectoid ·ca,sf:l on s~ven typica,l plates, -a macro­
scopic . exam.inat.ipn, microscopic examinati1on, fracture . grain size. de­
termination on the case and core t Brin ell hardile,ss 'on :ra:ce '. and back, 

. : . . . I ' ! · , ; . ' .· ' . ·l • ·' ' . ' ; ' • :•\ ' . . .. - • . ~., '· . 

Vickers ha.rdnes~ surv,eys taken . at intflryals ,of- .020:~ across the , ~h~ck-
ness of thP pl~te at;id , modified Izod -impact test~. made oniy on .pla,tes 
ca.rburiz_ed by Bre(~ze. · · · 

Since it w~s desired to have the notch o':r the Izod 'specimens 
ext end_ b.elow the case .of . the . face: hardened plate , .eruµplea, th.e .. case 
depth was measured :micro scop.ically to det ermip.e t}:l.e : nptch dep~h.' ne~ 
cessary. .The test. ~ars, ~ere,.g~ound on the: face .to melce :them .365 11 : 

squ.ar~ thell ,notc~ed throW,;h . the ca9e to a depth ,of :, .095 1i,. ,. ·A,di!1gr.am 
of the test specimen is shown in Figure 10'. 

The chemical. analys~s were· ,taken from the test coupons cast 
from the seven heats investigated. 
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· RESULTS AND DISCUSSION . 

1. Ballistic Teets 

A eurnmary of the ballistic teete is given in Table Il and 
examples of satisfactory and poor E'.rmor plate subjected to YI\WAd im­
pact teats are ehown in Figures 1-g · inclusive. DetaUP.d riring records 
are contained in Apvendix O. 

~- Results of :Ballistic Tests on Pla.tP-s · Sub,1echd. to thP­
Standard Penetration and Shock Tests 

Th~ ballistic limits of all plates were bet~~e.n 75 f/ s 
and. 346 f/ e in excese of the ballistic limit specified fo~ 3/g II face 
hardened armor. However, several of the plates containii;\tl) rio nickel 
and onA plate containing 2% nickel fail~d to pass the 1:1p~q~fice.tions· 
for face hardened arr.10r: because .of poor .r.Asi.stabc'e -to shoci~ 1 · This 
group of poor quality plates included: the .non,;..nickel beariug ·steels 
carourized by Breeze .which ·exhibited· undesirable face sp&l~ing, : namely, 
Plates 564-1-2 (or~No), 566~1~2 (Or;...Mo"-V),567-1-2 .' (C.r,-Mo-~r;),. 569-1-2 
(Mn-Mo), and also. a aeries of ·plates .cerbw.,ized by Dis'tlton.. "°hich 
epalled on the face end on th~ oack, Plate 566 ( Cr-Mo-V), ·and 567 
( Cr-Mo-zr). Ona of the nickel bearing st Fi els -carbur:l!zed. by' JPi 'sston, 
Platt? 571 (Ni-Mo-V) spalled on the back under the sbock test: . 

Th,j plates containing ,ni.ckeJ: carburized',bY? .:,Br,,eP.z.e and 
Di'ebold and the four-plP:tes 564 (Or-M'o)., ; 569 • (Mn+Mo.)/ 56.5 (Ni.,-Cr-,,Mo) ,. 
and ·570 (Ni'-Mo)' car.burl-zed by Diseton passed :·sa:tisfactorUy ·the .r.e­
q,uirenients of Sp,t,cification -:.4.X~490* .. for 3/8 11: i'aoe ':harden·ed· armor.: 

' ' · , ,-, . 

· . . b. aesults of Ballie:tio · Tests on \l?le.tes Su.bj~cted to the . 
YawAd Impacts of Caliber ,50 AP M2 Projectiles 

" , ,, 

. . Armor -plate .made f .ron iHee.ts 1. ~65 ' ~Ni.:.Cr-Mo), ·566 (Cr-Mo-V), 
570 · (Ni-Mo), : and· 571 (Ni..::Mo-V) eihi Mt'ed ,i)ropert1:es far superior to 
thosP. :plate's froci ·other Heats 564 (Or-Mo) \ :, 56t (br-Mo.::zrh arid 569 
(Mn-Mo). The ·balliatio limits ·or: · these sat·isfa.ctory pla.tM · wArf! ·. from 
300 f/a tq 780 f/s highAr thrui those of thA poor pla.tes, whert=!e.s the 
A~d. t' ·diameti=!rs1were g,mArally mu.ch ' smaller ' thrui those obsArved in the 
poor qus.li ty plat~s ·. ,, , TherR' ~Tf"li-e 'a · :f'P.W , eXOffPtions', : for BOffif> undi:lsir­
e.'t;)ly 1argP.: -~:,1J t dia".le.t f!l'S wf\ri=! ob:sP.!'Ved : in 'Fl'Eites . 566' .570 t . and 571. 
carblll'.ize~ and hea_t treated 'bY Di:i!i'sto~·; :'-It••rney be "significant that 
twb. o:f 

1
· these' plat AB, No a~ · 570 and: 571'., ·· had oi:l~n waJtP.:r' qui=mchAd. · 

2, Met~l~urgical ~~7n.~tion 

· ·· ·a. ·. Chemical :A.ha;lyse's · ·, 
- 1. :i: , .,1·1:!: l:',i, _1" .·.·:t:"(,,: •.' •j / I . , : 

. ;r .. 

ohi,;mica.l ·analyses : taken .from. 'te.st coupo?'.le •cast from<the 
seven h'eat'a investi'e;atM! a:re'· g1 ven :1n: 'l'al)le ,: III i ~: .' :" t • ' :: · .. ··, ,. 

, •·:i"·· j';_.1 ,, ·: ·,' ,::} :· ·:;~_'-. _: ··; ;., 11:· 1 ',;!,'.
0
:ii ; ,•J,11 ~ •' :-r .. :' 1·, • 1_i :· ~•.1 :: ,' i. 

••AX~'490 .~ SpeoHiMtfoh-• ifor ' l/41! ' to l~l/8,11 !, Roll!ed· ·Face , :Hardened: :,. Armo,r 
• · :. Plate ·sep· t~m· ber:• 27 ·· 194o 1· ·· ·, • ·, ; ,, i·;,;., .. ,i • :. , · •, ·,·· i ., .• ,. ·•1 , •. ·• · .. · 

. • I ·" · t ' . , ~ . ·· , ' ·/ , '. . · · 1. r • • • • • •• · 

_;:,, ; ,. ~ ,·. 
01 
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~- Carbon Distribution in the Oarburized Ca.se 

The carbon distribution through the cases of the seven 
plates, selected ae rElpl:":esentative from sixteen plates tP-sted and 
examined, is given in .Table IV. 

Results of carbon analysP-s indicate that the carbon con­
tent near the face is much greater in the plates carburizP.d by Dreeze 
than in those carburized by Diebold or Disston. Plate 565-1 carburized 
by Diebold had a very shallow dApth of case. This was c~nfirmed by 
the Vickers hardness survey as shoW!!- in Figure 16. 

2,. Macrostruct.ure 

A itudy of the macro-etched sections indiCl>. tes that Plates 
569 and 569-1-2 (Mn-Mo) showed evidence of a pronou11.ced segr:ege,tion of 
elongated nonmetallic ihclusions while the remaining ser.ies .of plates 
were relatively free from segregatfld nonnete.llics, see , FigU1·e 11 • . All 
:plates have been .thoroughly cross rolled as shown in Figure 11 which 
reveals the similar· etching characteri.stics in both the lon1-;i tudine,l 
and transverse d.irections, indicating .thA degr~e of .crq.se rolling. 

A, Microstructure 
• ' • r ' 

ThA results of the micr6scopid ex01Jination of the case 
and core, depth of case, and amount of .dt:carbur~za~ion are s.ummarized 
in Table V. Typical. photomf crographe. of plates_ carburi~.ed 9Y. the 
three fabricators, Disston, : Diebold, and :Breez.e, .taken . at :.010 11 .and 
.025 11 from the face a.n.d one , from , th~ core are ,shown in Figur.es 13 • 
14, .and 15. Although not all :photomicrogra-phs a.re desori_'\>ed in de­
tail, they were incl!1ided in order to makei the study comple'te, 

. With the (JXC~tion of pl1;1.te~ made fro'li 'Heat 569 (Mn--Mo) 
which contained-,undesira.ble ·· sti•ingers · of :nomn'eta\lic., .inolusions, the 
balance of the heats, .Nos. 564 (Cr-,Mo), 565 (Ni-Cr-Mo), 566 (-or...:Mo-V), 
567 {Cr-Mo-Zr),· 570 (Ni-Mo), and 571. (Ni"'."}io-V) :we:,,•~ :relat.ively free 
from elongated nonmetal;lic inclusion.a, ~ee Figure 12 • . · · 

' ' ' ' , , • I 

' ,i ' 
ntere is no -correlation between., the ballistic .p~rform-

ance of the pla.t ,a~ and the : small amount of retained. au.~teni te in . the 
carburi;ed cases~ · Austeni t .e is revealad ~s a ;,hi te '. conitfi. tut en t · 
present as shown in the :photomiorogra:phs takeµ.· at .010 1! ~ci .: .025tt, 
from the surface. of . the c~~burized .plates

1

_. )eee Figiµ-es .; J-3; .i4, and 
15. . ... 

There were many more undissolv~d:'oarbides 'irt. the car­
'huri zed cases of the plates face har.~ened; -1:>Y, }~ei B:1'~~~'~' qorporations 
than in the plates face har.dene.d by the ~eriry. Dieston ' and. Sons, Inc. 
See . Figures 13,1\., ;· D, ,G, /, and 15~;. · E. , H, ,:;~d\ K'•I :, Th;s : ,m·ay qe aecountAd 
for by the. fa.et tha·t ; the/ plates c~:t>:tirht;id::. by,,<Qi~ston ,a'.re;

1
rol+ed and 

.annealed after.: carburizing, thus ca~sing: 'a diffusion of carbon from 
·- the 1-. sur:t~c:e. ;,i~ye~s .. d1f\ it ~~,,plate. ":I 't'. 1,.;, :~~tf~r.~-~I t.~~t :1'.i~: :~i:f!usi:Qii:, . . 

or case •~igr~tfo~ , t ,r,~.E}tm~t given .to the; p
1
l,~,~

1
.s

1 
e~p~J.~,f~f by Brf'eze 

would hav:e elimina1ui'd this 'excessive . undhsol:veq; carbide: condition and ' · tl~t hOllOe wo~ 4 ~.,., r ~4\>0
1

~ ~ t~~ bri t ;;r···. in i ~~· <•~~,~n~~~ faces wliich , , 

:' ,:; JrFi)f .,,, . lj, ,, r· :,::i:;r,: .. :-.~,i.:.: ... ::,i,;;,,: •. ;.,t.·.'./ .. :.·\;; !i:1, .. 'i1,;;J.·_ .. ;,_i.;;i, .. 1.:.:,•,~!!,,\: .... ,:.;.i:.~,·:,l·,',i,:.; .. •l:, .. 11:'··•.i,::,li\l.•·.i'.:,• .. :.:-.i.: ,:.' .. ,,l:.:;ll!',iH.,~·,. ·:-:-•+•~:rrl; 
i: ... <·.;.•1

111
,'!,i,:.

1
,1\:,•.:1.' ... '1,( .. i,·'.·,.1.\_: :.;. !:••,1.·: .• ~

1
:. · •• l.,.~ t1·~, \ . · ~~ r! f' 11/ ii I d · I 

I J :.-,.! ,' f. ·,; •,''.}, :,· \.' l)_:,.:.I,• '1'·'1· .,,'.1 ·, 11,' 1.i.:.: '1 •,.:,, 11,., '1L1 i '11 : '.::,•_l! :,1 1.·, 1.'i .11 i :. '1'',!1''.,'1,1, •. '1·1 ·.• 1'·.'1'1··.':, ',:)1:•1, 1):.1'!,i:; ' ';,, i'1(:!-,I , , •1 " 
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resulted in face spalling, especially in those plates containing no 
nickel. 

In Figure 150 is sho~m the hard light-etching marten­
sitic structure found at .04o 11 be.neath the surfa.ce of the plates car­
burized by Breeze. This forma.tion of an outer case ~030 11 dP.ep was 
morA or less prominent in all . the plates carburized by ]rf'IPZe. 

The two Diebold Plates 565-l . (Ni-Or-Mo) and,570-l (Ni-Mo) 
had a rAlatively shallow case as a rfisult of the short carburizing 
cycle P.mploye.d, · but thP. ballistic properties of these two plates WP.re:• 

VP.ry satisfactory. In the sixt~Pn platP.s AXamined the case . depth , 
variP.d from 15% to 32% of thP -plat!? thicknP.ss, indica.ting that face 
hardr-,ned armor may ha.VP. wide varia.tions in case dA-ptl',l and still pos­
sess accAptable ballistic propertiPS. · 

Th!=! microstructure of the corP. . of .the plates 565, 565-l, 
and 565-1-2 (Ni-Cr-Mo) and 570-1 and 570-l-2 (1'!1-Mo) containing Jf,, . 
nickel which 13Xhibi ted superior rP.si.stancP. to the yawed impacts con­
sisted of a . uniform tempPred martensitic structure with n~ P.Videnc_e 
of ferrite-present. (SeA Figures 13-0, 140, F, and 15P, S.) The 
plates containing 2% nickel, Nos, 571, 571-1-2, and one plate (No. 
566-1-.2) from the Cr-Mo-V heat had ffl.irly good ballistic properties 
under yawed impacts although there was. ·some free ferrite:i prl?SAnt in 
the core. (See Figures l3U, 15v, s.nd ·15G;) Plates from the re.main­
ing three, heate (Cr'--Mo:), -(.Cr-Mo--Zr), an:d {Mn-Mo) which were unsatis-

. fachry when subjected to, yawe.d; impacts contained much more fer~_ite 
in the core and by the .ea.me token werA relatively lower Jn _hardness. 
(See- Figures 130, I, L, ·, ·l5D, J, and :M.) · .On this .basis, however, the 
ballisti.c :properties of the unsatisfactory plate No. 570 (3% Ni-MoJ 
could not be readily explained since it contained a W1iform marten­
sitic structure in ,tha core· accompanied by e. fairly high core hard­
ness, see FigurP. l3R,; ;In <thi•s connection ;, it was observed , that the 
Dieston water quenched •.platea ,were mor.P brittle than tp.P. oil qw:mched. 
plates. 

e. Sh1?Pherd ,Fracture Grain -Size 

~e resul ~a 10{ a oompii:rison between :,~he fracture grain 
size of the case Md corA of plate's in the. heat ., tr.e1;1,tEld cori9,itio_n, with 
the ShephP.rd Fracture Grain Size Standards* arP. ·given in 'TA.b:LA · V •· 

The fracture era.in ~i ze of the armor platP ha.ving sati s­
factory ballistic :oroperties vRried from 6-9 in the corA wherP.as a · 
grain s1 ze of 4-7 was observfld in the core . of the plates having poor 
resistancP. to yawed impacts. Thti> carburizP.d cases of all p;l.ates 
exhibi te.d a tine grain structurA, 

~Metals Handbook, 1939 P.Q.ition, pages 652-654~ 



f. lvlechariical Tests 

(1) Brin ell Hardness 

Brinell hardnesR tests were made by the fabrica-
tors and by Watertown Arsenal on both ·the face and back of the plates 
studiPd. Low hardness values report Pd by the · fabricating comoaniP.s 
probably resul.ted from their failurr, to remov.e the decarburiza.tL'm. 
Decarburization was espP.cially ~~onounced in most of the plat~s trPatPd 
by Disston. A comparison of thP. Brin All hardness valups rPnortPd by 
th,=, fabricators imd those detPrrninAd at Waterto;;.-i Arsrnal is givPn· in 
Table V. 

(2) Vick-~rs . Hardni=iss S1.1r,,,,ys 

Vicknrs hardn ,-~ss surv"ws taken across sActions through 
thP. platP shown · in Figure 16 1 indicfl.t-? th'" casf'i denth, thP maximum case 
hardness' and thP. core hardnPSS. Plat PS carburizAd by :DiPbold had a 
rp,lativPly shallow ,casP without adv.,,rs .oly affecting thP- ·ballistics. 
The core hardnesses in the nickel stAAli:1 arR consistently higher .than 
in the non-nickel steels. 

( 3) Impact Te.st 3 

Th,-=: results of tht=> impact tests .which arf! in Table V 
indicat e that the Izod impact values of thr- nickel bearing steels are 
somewhat high£,r than timse · of the non-niok('ll bearing stP.,1ls. It 
should be. not ed. also tha.t ·the hard.n!i!SS .of the nick~l bParing steels is 
relatively higher than thHt .·of the non-nicl,..~l b .-:.•arin.f!; i:;t.-i<> lr,. 

Th,irP. is som/3 ·qu•~stion as to :the significance of these 
impact data sinca the 11V11 notch;~s ·of certain test specimens .do :n•t ex­
tend entirely through the hard.ened casp, in to : the cert?. .o:f! thP. plate as 
had been planned. Notch depths hRd bP.An sµecifi13d on the basis of a 
microscopic detArmination of case-) depth. Subsequent 1Tick,,rs hardness 
surveys indicated. the casehardening to ·extend· beyond th~ depth shown 
microscopically and, in soms cases, beyond the V':'lrticP.s of the 11V" 

-~otchP,s. It is possible that this condition wi;nild. infl~enCA thP. im­
pa~t :energies reported. 
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TABLE I 

Schedule of the Experimental Plates Tested and Examinfd 

at Watertown Arsenal 

Serial Numbers of 3.L8" Face Hardened Test Plates_ 
Oarburized and Carburized and 

STEEL· Heat Treated by Het1.t Tr eated by Carb~ized and W • .4.. 
Heat No. TYJ?e 

564 Cr-Mo 

565 11i-Cr-Mo 

566 Cr-Mo-V . 

567 Cr-Mo-Zr 

569 Mn-Mo 

570· Ni-Mo 

571 Ni-Mo-V 

. 1 

Henry Diaston & 
Sons, Inc. 

564 

565 

566 

567 

569 

570 

571 

. ·91·• .. - -... 

Diebold Safe and Heat ireat~d by 
Lock Co. :Breeze Co;r.:Q. 

\ 

564.-1-2 
565-1 565~lr-2 

' 

566-~r-2 
567-1~2 

569-b2 
570-l 570-1~2 

571-~ ... 2 

Acc&ss1,,n ~or ___ ~ ......... 
-iT1S r;:-::AU 
nnc· TAB ' • 
Unanno,m<J'"1 D 

· Ju~t ifLcutio~---~ 

.,·, 
.; 

t 
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TABLE II 

Summary of Ballistic Tests of 7.,/g" Low Alloy Ex:nerimental Armor Pla 

Detailed Firing Records - See Appendix C 

I Specified 'Shock-'-~est Yawed Impacts 

-
0 late ,jf: _Type Thiotcr1.ess Reported 

Ballistic !Ballistic MG Fire* 
Limit F/S 

1
Limit F/S Cal.,30 APM2 1 __ _,;C..::ca=l~::..,.-;.-5=0c---•..;.....AP-;;,,_-_;.M;_;;;2'---.... 

Normal I for Striking Velocity Ballistic Striking ' Inches ::Srinell Hardness 

I Norn. ,Act. Face Back 

564 C~o .375 .370 6o1 Disston 321 
I ,, 

564-1-2 . Cr-Mo .375 .382 627 
Breeze 

277 

565 Ni-
-375 · .36g 601 415/429 Disston Or-Mo I 

565-1 Ni- i 

Diebold C~-Mo -375 .387 601/627 415/444 
I 
! 

565-1-2 
Breeze 

Ni- . , 
Or-Mo ,375 -389 555 

Cal •• 30 APM2 : Thickness Service Limit VelocHy 
ISoecified Max. Exit Diameter FIS FIS 

2?40 I 
2564 I 

2552.Av. ! 
1'To Spalls: 

; 

2585 ! 
2432 I 
2509Av. I 
l"x.7/8 11 ' 

Face Spall 

2325 
2296 
231uv. 
2495 
2565 
2530Av. 

No . Soalls 
2358 
2358 
2358Av. 

No Soalls 

I" ' 2536 
'' 2549 

2238 
+314 

2234 
+ 77 

2279 
+251 

2284 
+ 74 

7/16x7/16 1t 

No Spalls 

l/2"x3/8" 
No Spa.Us 

1/2"x1/211 

Slight Back Spalls 

7/16 11x3/8" 
No $palls 

9/16x7/16 11 

No, Spalls 

. 2286 

2380 

Approx. 
2203 

2204, OP, P~ 
l-l/2x2-5/8 1 

back spall. 
2197, CF, P~ 
Exit diameti 
l-7/8xl-7/8' 
2211, OP -P~ 

2209 PP 
2203 OP 

566 . Cr-v.Mo..:. ~ 375 • 37,8 
Disston 

627 285/293 254JA.v. 
3/~x3/411 Face 

Snall 

2257 ' 
-+:286 

. 1/ 2~3/13" ' 
I 1/2x5/!3 11 , 1911 

, ·~~ck/Sp~+ 
,, 

2199 
2208 ' 

·· 3+3/2,~.11¢1.ia. 
Concentric 

, .· fac~ crack 
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TABLE II 

tic Tests of 8 11 Low Allo E erimental .Armor Plate 

ailed Firing Records - See Appendix C 

Yawed Impacts p ecified Shock Test I 
allistic MG FirP.* -

/ 
Maximum 

imit F S Cal. ,30 APM2 , ___ C.c..alc::.·=-· ....:•;..,:5c.::Oc....;;.AP.;;.·_r;.;.~2=---- Exit Diameter 
for Striking Velocity :Ballistic Striking ' 

hick:ness Service Limit Velocity Ya.wed Impacts 
ecified Max. Exit Diameter F . S F S 

2238 
+314 

2267 
+242 

2234 
+ 77 

2279 
+251 

2284 
+ 74 

2257 
+286 

2302 
+273 

2231 
+132 

2260 
.+181 

226i 
+212. 

7/16x7/16 11 

No Spalls 

l/2 11x3/8 11 

No Spalls 

l/211xl/2" 
Slight Back Spall s 

7/16 11x3/gn 
No Spalls 

9/16x7/16 11 

No, Spalls 

1/ 2x3/8 11 

l/2x5/8 11 

Back Spall ,, 

9/16xi/2~ 
l-l/2"xl-5/l6" 1 

Face Spall 

l/2x3/811 ' 
La:rge :Back ·. Spall 

Starting 

7/Sxih_'i, ' 
No Spalla 

1566 

. 2286 

2380 

Approx. 
2203 

1911 

2199 ·. 

1600 

' . 
j l 

220 , OJ?, PTP. 
1-1/ 2x2-5/8 11 

back spall. 
2197, OP, PTP. 
Exit diameter 
1-7 /8xl-7 /8". 
2211 , OP -PTP. 

2209 PP 
2203 CP 

2208, 
3--3/41M.ia. 
Concentric 
face cracks. 

2 11xl-3/4tt 
l/2 11crack 

2-7/8x2" 

l-l/8 11x3/8" 
3/ 411x2 11 cracks 

1-1/2&2" 
cracks 

OP - LB 

~x2" 2 . 

2" cracks 

I'· . . :,:: . , :\ ,\:,1 
''' l 'l I', 1·!l.',''1t i ,, ,:flt ··~ ,. .; 

3~1;2xa:..1/21t 
1-1/4" .c'z:ack 

tt.ru plate. 

Remarks 

t1nsa.ti sfactory - Ya.wed 
irrrpact, Cai. .50 APM2 • .. 
Satisfactory under stand 
ard ballistic test. 

Unsatisfactory under 
yawed impact Cal .• 50APM2 
Unsatisfactory under 
standard. ballistic teat. 

:11 

:11' 

·11] 

:1 
If, 
:u 

~! 
!11 
'.t 
:~ 
:Ir 
f,; 
,J 
1:ti 

1:1 
:ti, 

!ij 
l:!1 

1111 

li! 
J 
:11t, 
1,li 
A' 
1ri1l 
\111 
::::: 

;;\!\ 
i: 1:1 11 
;i)i; 
:;ll)i 

itl:i! 
.,::I+ 
jl1i 1 
t'1,1 

::\ll 
w~1· 
::L'.) 
:_liJji 
''1 ' 

'_.

1

_, i'111 
>i'i 

Satisfactory under yawed •ijti!j\ 
''1'11 · t C 1 50 APM2 l11

1•·1. 1mpac s a . • · . . ,1,wf 

Satisfactory under stand ,i1Wj: };! i 
ard ballistic t.est. -:,J:1H 
Satisfactory und.er yaw_ed -,1,,w. 

!dij!lf 

impacts, Cal. .50 APM2. lillill, 
Satisfactory under stand- \!l~1lil 
ard ballistic test. ,::!li':l ;)ijl\ 
Satisfactory under yawed :iifl'jj1 
impacts Cal. .50 .APM2. ,,1nl 
Satisfactory under stand- :: 1:liiij 

il ;;jij. 
_ard: ballistic test. !!lliJi, 

Unsatisfactory, un~:~---·- ·-·-.. ''ll~~ j 
yawed ·impachCai. ~50APM2: 1iijil1 

Unsatisfachry under ii!iilH 
standard ballistic test. !!i~j!l1 

. , ' ;l f,!111 

Sati ~faqtory Jmp.e~ yawe_d !ill~ 
4 /DP. a~,:t1~:(Q~l i,1,i5,0.;:1i~_. • , --¥~~iiir,.1:0ii!i :• ,1il 
Unsatisfactory tirider ,.'' ·, ' 
standard ballistic test. • 

Unsatisfa~t?,rY_•· ~.-· der ·.···, ' 11~· 
yawed illlJ;l!\cts , Oal; .50.AfM f 
Unsati'sfactory,, ~der . , ~: 
standard bal!i stic test~- · 1~ i 

.. 
1:· .'(, l •; 

I 

I ' ! 

·I,, 
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I, 

567 Or-Mo-
Disston Zr .375 .367 

567-1-2 Cr-Mo 
BreP-ze Zr • 375 • 379 601 

255/277 

277 

2375 
2350 
2363-A.v. 

No ,$palls 

2lt62 
2419 
2441Av. 
lfl:.tlll 

FacP. Spall 

2231 
+132 

2260 
+181 

1/ 2x3/ grt 
Large Back Spall 

Starting 

7/8xl/2n 
No Spalla 

1600 

face crack ::: 

2211 OP, P 
2203 OP, P 
2-l/8x2rtexi 
diameter. 
2197 OP, FTP 
l-3/4xl-7 /8 11 

-i------+---.--.----:e----+---------1-----+e~xit diamete 

569 I 

Di sston Mn-Mo · · 375 j. 372 _ 601 , 302/ 321 

570 ll · · . 375 •Disstonj Mn-Mo !-3751-3821 601 

D~~~:o~ l Mo 

1

].37~ ).3;t:~/~27 I 4o1/415, 

570-1 . 
Diebold Ni-Mo, ,. 375 · .3go 578/627 363/4ol l 

I 

i· 
; I 

570-1.:..2 ' .. I , · 
:Breeze Ni-Mo i.375 .384 601 415 

! 

571 !I. Ni-Mo-' ! .· i I : 
Disston V · [375

1

.370 
1 

627 
• ' I I 

331/341 

321 

I 
: - . 01Dple . e .P~netration 
P.TP - Proj e:ctile :t~6ugh Plate 

Ll3 - Large. Bwlge . 
i ' ,::ii :;-i ··: 

2 5 
2312 
2379Av. 

l.To S alls 
2450 
2507 

2479 Av. 
l 1

1xl-l/ 8· !1 I 
°H'~f'!A . ~TIA.11 2449 . . . 

24o9 
2429Av . .. 

No S alls . 
2275 .•• . 
2496 · 

· 23s6li:v. 
No alls · 

24li:2 'J 
2441 -•1· 2442A.v. -

No Spalla 

251+5 
2623 

, 2584A.v. 
No . alls 

2508 
· 2447 

2478.A.:7. 
· No_ Spalls 

2267 
+212 

2286 
+14} 

•.- ' ' 

~262 
.. ~124 . 

2~:72 
+170 

2238 
+346 

2262 
+216 

3/8x7/16 11 

No Spalls 

l/2 11xl/2" 
No Spalls 

7/16x3/8" 
No Spalls . 

. . 9/16x3/8 11 . 

No Spalls 

1/211 x3/8" 
No $palls 

1-3/S''xlll · 
.. Face Spall 

l/2x7/161f 
No , Spalls 

I' '. ' 

1503 

~175. 
2183 

1930 

Approx. 
. 2199 

220 OP, PTP 
Back spall 
1-1/ 8x3/ 411 • 

2197 OP, FTP 
2-3/ l+ndiamet 
Concentric 
cracks. 

2199 GP, LB. 
1½ 11 crack. 
2205 . OP, ,LB, 
3/ 4".cirack in 

*The Dissto~: and Diebb1d plates wer,e subjec 
The •Breeze plates were: subjected to .10 ,ro 



1/2x3/8" 
t:rge Back Spall 

Starting 

7/8xl/2 11 

No Spalls 

3/8x7 /16 11 

No Spalls 

1/2 11:cl/2 11 

No Spalls 

7 /16xJ/8 11 

No Sp.alls . 

9/16x3/8" 
No Spalls 

1/211 x3/s 11 

No Spalls 

l-3/8 11xl 11 

Face Spall 

l/2x7/16" 
No Spalls 

1600 

1503 

2175 
2183 

1930 

Approx. 
2199 

3-1/ '2:x-2-1/ 2" 
1-1/411 crack 

thru plate. 

2211 CP, FTP. 
2203 CP, FTP. 
2-l/8x2nexi t 2-3/4xl--5/8" 
diameter. Excessive 
2197 CP, PTP. 
l-3/4xl-7 /8" 

Back Spalls 

exit diameter. 

2-1/ Bxl-1/4 11 

2ncrack 

2.&.. ·n,p~ P1'E. 
2J 96 CP - 1 11x 

17i/16 rt E,Xi t di- . 3 lfx3-l/ 2u 
~11etE>r.12205GP.l ; 
r TP. 2.,.. 7 Bxl-5 i 11 

----~ .i. .3~ - - · .. .1. - -- I 

I l2-3/4x2-1/s• 

220 CP, FTP 
Back spall 
l-l/8x3/l.pr. 
2197 CP, FTP. 
2-3/ l.1- 11 diameter. 
Concentric 
cracks. 

2199 GP, LB. 
1} 11 crack. 
2205 OP, LB. 
3/411 crack in 

I 
jl-,,1/ 2xl-l/411 

2 11 crack 

2-l/Sxl-1/411 

1 11 crack thru 
plate 

2-l/t~11 diam. 
Concentric 
face cracks, 

standard ballistic test. 

unsatisfactory under 

!1 yawed imJ.lacts Cal .• 50.APM 
Unsa.t i sfactory under 'Jil1 

' '11 

standard ballistic test . 1i11 . I'· ' 11~ 

'Ir Unsatisfactory under ·•I 
'1• 

yawed impactsCal .. 50APM2. /111;/, 
1/1~ 
'l'I' Unsatisfactory under !)J,1 

standard ballistic test. Iii' 
!i!ii 
':Iii 

Unsat~sfactory under ii!l /; J;, 

yawed impactsCal .• 50.APM2. !Ii Satisfactory under 
!!iii/! standard ballistic test. '1 ,l l!ii, 
I 

Unsati sfactor:'[ under • ' 
yawed impact seal.. 50APM2.t 

I Unsatisfactory under ! 1 

i standard ballistic test. j' 

I .•. • .. . .. . - ..... . .. "• ·- -·•--· -- ✓ ·- •-- ·,J '· . ... 

Unsatisfactory unQer 
yawed impacts,Cal .. 50AP 
M2. Satisfactory under 
standard ballistic test. 
Satisfactory under yawed I 
impacts,Ca1 •. 50APM2. I 
Satisfactory under stand-I 
ard b.allistic test. 

Satisfactory under yawed 
I impacts, Cal. .50 AP M2. 
Satisfactory under stand­
ard ballistic test. 

Unsatisfactory. under 
yawed impacts,0al •• 50.AF 
M2. Unsatisfactory under 
standard ballistic test .. 

Satisfactory under yawed 
impacts , CaL _.,50 .AP M2. 
Satisfactory unde-r' · 

I st.~dard baJ.lf'st,ic yl3St. 
I . 

impact wen maximum exi diameter 
L' 

D:l sston and Diebold plates were. subjected to 5 . rounds, Cal. .JO .~2 MG Fire. 
Breeze plates were subjected to . 10 roµnds of 0aL.J0 .AP M2 MG' Fire. 
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TABLE Ill 

Chemical Compositions of the Seven Exnerimental Armor Plate Heata 

Heat 
No. 'ltQe C Mn p s Si Ni Cr Mo V Zr 

564 Or-Mo • 23 .41 .009 .022 .22 .76 ,34 

565 Ni-Cr--Mo • 23 .53 .010 .0~9, .23 3.05 1.36 .36 

566 Or-Mo-V .24 .45 .013 ,0?;1. .24 1.27 • 56 ,17 
i · 567 .Cr-Mo-Zr ,22 ,83 .014 ,02? .• 88 .69 .17 .18 t 

569 Mn-Mo , 22 1,38 .025 .~)3 .27 .425 

570 Ni-Mo • 23 .49 ,010 .0,23 .21 3.33 .45 

571 Ni-Mo-V .22 .51 .007 ,Ql8 .31 2.09 .29 I .115 ii 
!f 
'I 
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jl ,/ 
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;il 
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TABLE V 

(j) Summary of Metallurgical and Physical Prcperties of 

3/gn Low Alloy Experimental .hrmor Plate 

METALLURGICAL PROPERTIES PHYSICAL 

I 

I Plate #1. 
I 

i 
i 

Type ! Structure of Casd Structure of 

'. DP.pth of Cas1 Total Shepherd I l3rinell Hardness ~ 
! From : From : DeDth of , Fracture !---------~---

Core! Hard_ \ Micro'\· Decar- : Grain Size Case I 
I I 

! 
\ nnss I Sur- ; buriza.tion\· i i -r-
! Survey vey , Case ! Core : Re-porte ,d W.A. R 

Cor 

orted i 

564 l 
. Disston' 

I 

: Ifartensi te, some I Low carbon mar- : j , 
Cr-Mq carbides and aus-j tensite with some ! .non i .100 11! 

! tenite. ! ferrite. l ! ! 
.060 11 

1 Low carbnn, mar-: 564-1-2; 0 M i Martensite and. i d 
1 r- ot .... d : tens te an some 

3reeze l. ;, e_xcess carui es. 1 f . t 
.100 11 . 095 it i very 

little . . , erri e. . 
1- i I . 1

1 

565 11'Ti-Cr-i iartens te • some ' Low carbon mar-
uo ! carbides, and .125 11 ' 090n I 

Disston I 1•• 1 austeni te. tensite. l j • : 

very 
little 

565-1 1Ni-Cr- \Martensite and. a Low carbon mar- I _075 n \ .060'; : very 

8 

g 

9 

g 
Diebold i Mo ! few carbides. tensi te. 1 little 1 -=------i----+---l---~--+--565-l - 2 \Ui-Cr-J!llart ensi te and Low cru:bon mar- ; _ 1 2511 • 075 11 :.. very \ 
:Breeze i Mo I some carbides. . tensite. ! little : .9 

1 Low carbon 1nar•-
566 Or-Mo-l Martensite and tensi te :and 

Disston V ; a. few carbides. lit'tle ferrite. 

I i I .11511 i .10ort I .. 025n 8 

!566-1-2 Cr-Mo~ltiartenaite and_· ·· Low, c~bon )llar-
1 tensi te and some 

,Breeze I V I excess carbides . . ! ferrite. 

I 
,Martensite,some · ILow carbon mar-

i . 5~7 Cr-Mo- I carbides and •. . ! tensi te and . 1 • 100 II . ! .,085 II • 070 11 . 

:Dis.,ton , Zr laustenite . .. , , i:£errite. , ! · ..) 
--- ,-- L ( . ... . .·· -~-.. -··: . : ~~::~:'"'~ £1~,;ida~bon . mar-

. 567-1-2 Cr-~o- 1MartensHe ~ -~- , 'ten~ite ,~; d: · 
:Breeze Zr excess ,Cff,?+1~~,~:r_ i fer;rJ t~·~ , ' 

\ '.105n \·_og5n ; 
· I 

I 
.010 11 .i 9 

i . 

.100 11 · .. os511 
·,,,.I 

.03on 

g 

T 

."lery .. 
u~he. 

g 

I , 5.70 ~ar~.e~~ft~:. ';g~.~·v: Low iC~i-bdnimar- ,' 
Di S. s·ton· Ni..;.Mci bides', , arid i' ~ome , ·t ,.· •' ,·.1t,. · ·:.: •· · · · 

.. , .. ,, •.,.-1, , •• ,.,., :,,·,·'" ens e; .. , a.tisteni:te~ . · , ·, ; 1 , • • , ,. 

.. oio•' 

8, 

i 
i 
I 

i 

I 

j 

6 601 321 

4-5 ; 627 

I 
g 601 

! 

: 
653 i 277 

I 
6011415/429 

7 ~01/627 i 
t 

601 415/444 

9 I 555 
i 

7 
I 
I 627 
I 

7 
\ 
I 653 

5&7 l 6'21 ,. 
, , ...1 ., 

. , I . : 
· 4&71 · '601 

I . 
: I 

7 601 
,, I• I 

I 653 i 429 
i 

l 601i2s5/293 
I I 

! 

712 

653 255/277 

653 2H 

~53 
1_1, 

· · 8: ;6p,W~27 1 9oi 40~/415 
'• I 

·.: Si ,BJ'?>/:621:: jbl :; ~?3/.4ol 
; ·i . : ': · , 11, :;;,, ,, • · ,,,:,; · , 
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TABLE V 

: Metallurgical and Physical Prcperties of 

Low Allov Exoerimental .hrmor Plate 

PERTIES PHYSICAL PROPERTIES 

Casei Total Sh herd ' :Brinell Hardness I Izod Impact Using 
rom e_p l--------------1\ Modified Notched Ear . i DeTJth of , Fracture , 
icro; D I Longi- Trans-
ur- i ecar- 1 Grain Size Case Core I tudinal verse 

, burizationj i -r / / 
ey Case I Core .Re orte•d W.A. R orted W.A. Ft Lbs. Ft Lbs. 

i 
.060 11 .100 11 ! 8 

.095n : very 
little 

8 

! very .09011 1 
I little 9 

;060 11 ; very 
little 

8 

.075" ! 
very 

little 9 

i 
• lOQlt i .025 11 8 

I 

.085 11 .010 11 I 9 

6 601 

4-5 ; 627 

8 ! 601 

7 !601/627 : 
' 

9 555 

7 627 

7 653 

6531 321 363 
i 
I 

653i 
I 

277 269 9-9 

6011415/429 429 

601 415/444 444 

653 , 429 . 4ol 15.0 

i 

601i2s5/293 321 

388 13.0,11.J 

·-

9.9,9.6 

1 .9 
11.9 

i 

Ballistics i 
Cal.. 50 AP M2i 
-Ya.wed Impacts ; 

Poor 

Poor 

O.K. 

0.K. 

0.K. 

Poor 

0.K. 

.085 11 .070 11 

...... L .. .. 

.085 11 . 030 If ' 

g 

7 

653 255 / 2~~ .. ---~69ll~-. - .-. ·-,-.. ...,..__ ____ , P_o o.,._' r-,---

.. . 9.·.o , .. ·.1. 653 277 · : ~H 11'.o,9.7 . . Poor,, 
' • I,,., • . • 

5&7 627 

I 
i 

601 4&71 
I 
I 

.105 11 .0~11 .g . 5&6 601 

.095 11 very 
little 

g 7 601 653 375 

.085 11 .010" g 8 6~1/6~,7 · 601 4o1/415 429 11 ', 
,/,I. 

. 050" VefY . 
little 

g ·. g 

.075ii 

I 
! 
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WATERTOWN AR8tNAL 

a:x,ERIMENTAL 3/B~ rACE HARQENED NI-C.......a ARNOR ,LATE 
NOTE; Y~WED IMf'ACT 8HOT8 13,1~115,16 AND 17. 
JULY 7 19-42 ,LAT[ 1111565 - r110NT WTN • 710-1 Q06 

) 

raauu 1 



WATERTO~ ARSENAL 

EXPERIMENTAL 3.8" rACE HARDENED NI-CA-MO ARMOR PLATE 
NOTE: YAWED IMPACT SHOTS 131 14,15,16 ANO 17. 
JULY 7 1942 PLATE 111565 - BACK WTN.710-1907 

I 

) 

rllURt 2 



WATERTOWN ARStNAL 

EXPERIMENTAL 3/811 F'ACE HARDENED NI-CR-MO ARMOR PLATE 
CARBURIZEO BY hREEZE CORPORATION - PLATE "665-1-2 
NOTE: YAWED IMPACT SHOTS 33,34 ANO 35. 
JULY 9 1942 F'ACE WTN.710-1910 

I 

t 

f'lliURt 3 



WATERTOWN ARSENAL 

EXPERIMENTAL 3/811 F"ACE HAROENEO NI-CA-MO ARMOR PLATE 
CARBURIZEO BY BREEZE CORPORATION - PLATE "56!>-1-2 
NOTE: YAWED l~PACT SHOTS 33,34 ANO 35. 
JULY O 1042 BACK WTN.71C>-101 I 



• 

WATERTOWN A:~tNAL 

EXP ER I MENTAL 3/811 FACE HAROENEO CR - MO ARMOR PLA C 
NOTE: YAWED IMFACT SnOTS 19,20,21,22 ANO 23. 
JULY 7 1942 ,LATE -6(>4 - FACE WTN.71<>-1004 

I 

FIGUllt I 



WATtRTOWN ARSENAL 

[X~£RIMENTAL 3/e" rACE HARDENED CR - MO ARMOR PLATE 
NOTE I VAV£0 l~ACT SHOTS 19,20 9 21,22 AND 23. 
JUI.V 7 ICMZ ~LATE 11664 - SACK V.A.710-1905 

PIIUAE 6 



WATERTOWN ARSENAL 

EXPERIMENTAL 3/811 F"ACE HARDENED CR - MO ARMOR PLATE 
CARBURIZED BY BREEZE CORPORATION - PLATE "564-1-2 
NOTE: YAWED IMPACT SHOTS 23,24,25 AND 26. 
JULY O 1042 f'ACE WTN. 710-1008 

I 

FIGURE 7 



• 

WATERTOWN ARSENAL 

EXPERIMENTAL 3/811 rACE HARDENED CR - MO ARMOR PLATE 
CARBURIZED BY bREEZE CORPORATION - PLATE "564-1-2 
NOTE YAWED IMPACT SHOTS 23,24,25 AND 26 
JULY 9 1942 BACK WTN.710-1909 

rlGURE 8 
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OISTRIBUTl'.)t or NONME:TALLICS 

IN THE: PLAT£$ INVESTIGATE:0 

PLATE: 565- 1-2 

, 

XIOO -A- UNETCHED 

TYPICAL DISTRIBUTION or NONMETALLIC$ IN 
HEATS 564, 565, 566, 567, 570, 571 

PLATE: 569-1-2 

-~ ,.__,_ 

- . - ..... _ .. .. 

-. 
I~· • -

XI0O -a- UNETCHED 

TYPICAL DISTRIBUTION or STRINGERS·~ 
LONGITUDINAL SECTIJN or PLATES ROLLED 
rROM HEAT 569 . 

W.A.t:>3 474 

flGURE 12 

I 

t 



XIOOO 

XIOOO 

XIOOO 

PLATE 56d 

-B-

-c-

.010 rRor~ f"ACE XIOOO 

.025 f"ROl'1 f"ACE XIOOO 

CORE XIOOO 

TYPE CR-Mo PLATE 566 

ETCHED I~ I~ NITAL 

-o-

-e:-

-r-

. O IO rROM f"ACE 

.025 rROM f"ACE 

CORE: 

TYPE CR-Mo-V 

w •• 639-4400 

I C R O S T R U C T U R C 

XIOOO 

PLATE 567 
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XI 0OO 

XI:)()() 

PLATE 567 

_,_ 

,025 F"flOM f"ACE 

CORE 

TYPE CR-Mo-ZR 

C R B U R I Z C O 8 Y 0 I S T 0 

XIOOO 

XIOO0 

Xl:)00 

PLATE 569 

I 

-J-

-K-

-L-

. 010 F"ROM f"ACE 

.025 F"flOM F"ACE 

CORE 

TYPE MN-MO 

W,1\,639-448 1 

XIOCO 

PLATE 565 

-0-

TYPC NI 



XIOOO 

XIOOO 

PLATE 570 

-Q-

.010 rRO~~ FACE 

.025 F"nOM FACE: 

CORE 

TYPE Nl--lo 

w •·" . 639-4482 

XIOOO 

XIOOO 

PLATE 571 

-T-

-u-

.025 FROM FACF.: 

CORE 

TYPE NI-Mo-V 

W.A.(>3 4413 

F'IGURE 13 

7 



MIC OT u:TuRC or PLATES CARBU IZED BY OICBOLO 

XIOOO .010 rROM f"ACE XIOOO -0-

XIOOO -B- .025 rROM f"ACE XIOOO -c-

XI 000 -c- CORE XIOOO -f"-

PLATE 565-1 TYPE NI-CB-Ho PLATE 570- 1 

ETCHED I~ NITAL 

. 0 10 rROM rACE 

.025 f"ROM f"ACE 

CORE 

TYPE NI-Mo 

w. , • 3 

FIGlRE 

t 



M I C 0 T R C T U E 

XI0OO 

XI000 -e:- . 010 rROM fACE: 

XI000 -1-

XI0OO -r- . 025 rROM fACE: 

XIO00 -Jo-

PLATE 567-1-2 

XIDOO -o- CORE: Xl::>oo -G- CORE 

PLATC 564-1-2 TYPE: CR-Mo PLATE: 566-1-2 TYPE CR-Mo-V 
ETCHED IN I~ NITAL 

w •. ,. ,3 4475 



I C R 0 T UCTUR( 

XIOOO 

XIOOO -1-

XIOOO -J-

PLATE 567-1-2 

o r !'LATE. 

.010 rROM rACE 

.025 rnoM rACE 

CORE 

TYPE CA-MO-ZR 

, ~• .. 

C A R u I Z C 

XIOOO -K-

XIOOO -L-

XIOOO -M-

PLATE 569-1-2 

--

1:1 y BRC!:ZC 

.O IO rROM F"ACE 

.025 f"ROM F"ACE 

CORE: 

TYPE MN Mo 

XIOOO -0-

XIOOO -P-

PLA n: 565-1-2 

. 025 rR0M F"AC 

co 

TYPE NI-CR-. 



_,._ 
- 565-1-2 

• 

CORE 

TYPC NI-C~) 

Xl::>00 

XIOOO 

PLATC 570-- 1-2 

-o-

·-

.010 F'ROM F' CE 

.025 F'ROM F'ACC 

CORE 

TYPE NI-MO 

w •. , .63v-4477 

•. 

XI0OO -T-

XI0OO -u-

XI 0OO 

PLAT ES 57 1- 1-2 

-v-

.010 F'ROM F'ACC 

. 025 F'ROM F'ACE 

CORC 

TYPE N 1-Mo-V 

W. A. 639-44"'8 

rlQURt 15 
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HEAT NO en 
CH[MISTRY 
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HUT NO 569 

CHEMISTRY 

.G.19.IJ a 
1:111111--411 

HEAT NO 565 

CH[M1ST"Y 

.G. I.I. ~ 
u I U JOI' .. 

HAROESS SURVEYS THROUGH CASES OF 

3/8" FACE HARDENED ARMOR 

CAST BY WATERTOWN ARSENAL 

ROL LEO AND CARBURIZ ED BY 

COMMERCIAL HEAT TR E AT~RS 
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Fabrication of the Experimental Ar~~r Platea · 

l, Steel Making Practice 

The seven experimental heats were made at Watertown .Arsenal 
in a.n induction acid-lines furnace ' and ca,at in the form of 800-lb. 
ingots measuring 6 11.xl2 11x36 11 not including the hot top, The heats were 
alwninum-silicon killed (aluminum 1#/ton). . · 

2. ~olling Practice 

The ingots were first homogenized at 2000°F for 10 hours, 
cooled in air, and shot blasted. The~r were then sent to the :9lant of 
Henry Disston & Sons, Inc., for rolling into plate according to the 
procedure sho\!m in Tablfl I. 

W~A. 

TABLE I 

Disston Rolling Practice 

Showing Initial Rolling Temperature 
. ; . 

(Degreas Fahrenheit) 

F..ammer • 
Cogging 

Cog Roll­
ing to 

1 11 thick 

Oro as-Rolling to. Plate 

Ri;ducing 1 11 Face..: 
Ca.rburized Slabs 

Heat No. Plates to 3/8 11 Plate · 

Reducing 1h Untreated 
$labs · to 3/8 11 Plate for 

Oarburization by 
Diebold .and Breeze 

564 
565 
566 
567 
569 
570 
571 

Or-Mo 
ii-Cr-Mo 
Cr-Mo-V 
Cr- Mo-Zr 

Mn-Mo 
Ni-Mo 

Ni-Mo-V 

2130 
2275 
2175 
2170 
2180 
2200 
2250 

2150 
2185 
2150 
2150 
2120 
2160 
2130 

2175 
2300 
2220 
2210 

' 224o 
228,6, 
i .. 2270 

NOTE: The 1 11 thick cog, rolled plates were not annealed after rolling. 
The 3/gn thick carburized plates were subsequently ruinea.led. at 
l200°F for 10 hours. Th·e 3/8" thick plates sent to Diebolci ond 
Breeze were annealed at 1200°F for 10 hours. · 

, 'I ,,' • , 

3. Carburi zing Practic•e 

~- HenrY Diaston and Sons, Inc. 
I • • 

• . 1. . I. , . . 

One inch thick alabe of AS.Ch compo.sition were heated in 
soli<), carl?urizer to 1750°:F <1n 24 ')r6~s 1end held: at terilp~.rat'llr~ for ' 90 
ho~s ... ?he slab·s were !3ub:~:~ct11en#:~~:: ~:pfled lntoi 3/s::1 'p~a.te •:~s ou:ji·liµAd :' . · 

1 abov~.' in · t};fl .• Rol~ing :Pr~cttce,~1 <1,:,..1.: :11( ~;j1:·j.!!:, 
',•r, ,'1·;_,:;1'11. 

,. I·'·' .'· .. 1. •• 
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I 
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b. Di ebold Safe and Lock Company 

The 36 11x36 11x3/8 11 plates were heated in solid carburizer 
to 1680-1700°F in 4-6 hours and held at temperature for 36-38 hours 
and box cooled.. 

o. Breeze Corporations 

The 36°x36 11x3/8 11 plates were heated in liquid carburizer 
at 1750°F for about 14 hours and air cooled. · 

4. Heat Treatment 

Heat treatments as reported by the manufa.cturflrs are given 
b elow in a . Table II,~. and£ Table III. 

a. The heat treating cycles p.;hP-n the plates by the Henry 
Disston and Sons, Inc. are givAn in Table II. 

TABLE II 

Experimental 3/8 11 Low Alloy Face Hardened Plates Heat Treated 

by the Henry Disston and Sons, Inc, 

Tempering 
Heating and guenching (Held at temp. for 2hrs.) 

Q,uench Brinell :Srinell 
Temp, After ~ench Draw After Draw 

Plate# _m~ OF Coolant Face Back Temp. Face Back 

564 Cr-Mo 1500 water 495 321/331 300°F 601 321 

565 Ni-Cr-Mo 1550 oil 601 415 300°F 601 · 415/429 

566 Cr-Mo-V 1550 oil 555 321 }00°F 627 285/293 

567 cr...;Mo-Zr 1550 oil 601/627 341/363 300°F 627 255/277 

569 Mn-Mo 1550 oil 601 331/363 500°F 601 302/321 

570 Ni-Mo 1425 wat.er · 601/627 388 300°F 601/ 627 401/415 

571 Ni-Mo-V 1450 water 627 331/ 341 300°:rr 627 331/341 



c. The heating treating cycles given the plates by Breeze 
Corporations, Inc. are given in Table III. 

T.AELE III 

~erirnental 3LB" Low Alloy Face Hardened Plates 

Heat Treated by the Breeze Corporations 

Qµenchin~ Practice 
Time of 1st Time of 2nd Brinell 

Immt?.rsion Immersion Hardness 
Platefr. TlJ2 e in Oil Time in Air in Oil Face J3F.l.ck 

564-1-2 Cr-Mo 50 sec. 1 min. 4 min. 627 277 
565-1-2 Ni-Cr-Mo 50 SP.C, 1-3/4 min. 4 min. 555 429 

566-1-2 Cr-Mo-V 60 sec. 2 min, 4 min. 653 363 

567-J.-2 Cr-Mo-Zr 50 SP.C, 3 min. 4 min. 601 277 

569-1-2 Mn-Mo 50 sec. 5 mtn. 4 min. 601 375 

570-1-2 Hi-Mo 50 sec. l-3(t 1llin. 4 min. · 601 415 

571-1-2 Ni-Mo-V 50 sec . 1-1/2 min. 4 min. 601 321 

NOTE: Plateo were heated at 1550°F for 20 minutes in a. salt bath furnace 
for quenching, 

J 

I 
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HENRY DISSTON & SONS, INC. 

PHILADELPHIA, u.s.A, 

Ap1~i1 15, 1942 

The Commanding Officer, 
Watertown Arsenal, 
Watertown, Mass. 

Attention: Laboratory {Major G. L. Cox) 

Gentlemen: 

We are shipping today the last item cove~ed by your Purchase 
Order #9515, Thie consists of sevon targets 36 11 ic }6" x 3/g 11 

carburized and heat treated by us. These plat~8 •epresent 
the following heat numbers: 564, 565, 566, 567,. 69, 570 
and 571. 
The following is a tabulation of the process in:f'ormation 
on the various heat numbers which you requested .. 

; 

Hent lo. Rolled to Final Rolling · TemDez·ature ----
53g 1 1/2 11 2250° F. ) 

5~ 
II .. 

2220~ F. ) 

" 2210~ F, ) 5 
51'-1 II 22~-0~ F. 

; ~ Finished at 
542 II 2310«? · F. 1 1/2 11 for 
54~ " · 2250~ F. ) Homo Armor. 
54 II 2210! ':F, ) 
545 11 224-04? F. ) 
556 II 2210~ F. ) 
557 II 22go~ w ) .. 
5ss· " 2300C? F,. ) . ' ' ' 

i:;,.4 l" 21309 F. ) .,o 
565 II 2275~ F. ) 
566 II 2l 75C? F. ) Rolled to 111 
567 II 2170~ F, ): fdr· carburizing, 
569 n 21SO~ F. ) ' ' I I ' ' 

570 II 2200C? F. ) 
571 II 2250'? F, ) 

I 
it 
I 
l 
! 
l 
i 
i 

! 
I 

i 
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,, 
' i 
I 
: 

Heat No. Rolled to Final Rolling Tem:12erature 

564 3/8 11 2150° F. ) 

§~g " 21~5:> F. ) 
II 2150? F. ) Rerolled to 3/8 11 

567 II 2150<? _ F, ) after carburizinc; 
569 " 2120<? F. ) 
570 " 2160<? F. ) 
571 II 2130? F. ) 

Attention Major G. L. Cox. 

Heat No. Rolled to Final Rolling :Tempera.turo 

564 3/8 11 2175° F. ) 
565 II 2300«:> F. ) Finished at 3/8 11 

566 II 2220<? F. ) for shipment to 
567 II. 2210° F .• ,. ) Diebold- and Breeze 
569 II 2240<: F. ) Not carburized. 
570 II , 2230~ i .F~ ·· ) , JJwo :, target s ( No s • 
571 it 2270~ Ti' ' ) ' '1&2) trimmed from ... 

each. 

The annealing cyple was the same for' all plates. regardless 
of gage and c9ns~sted: in heating to 1200°F. and '.holding at 
tl;)mperature for 10 hours. The time necessary ,for the plates 
to come to heat 1.\Tould~ of course, vary with the, gage of the 
plate. , 

The carbui:-.izing pycle for the seven t argets ca!t'b,llrized at 
DISSTON (carburized,:- at 1 11 and reroll"ed to 3/f5 11 ) .consisted 
in heating the piates with solid carburizer to 1750°F. in 
24 hours and holding .. at tempert,ture" for 90 hours. 

::i: ,, ' 

~: ' . ' . 
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We hope 
purpose. 
require 1 

b 

this 
If 

information will be 
there is anything 

please let us know. 

sufficient f'or 
further which 

your 
you 

Yours very truly, 

E, K, SPRING 
CHIEF METALLURGIST 

c.c, R.S, 
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BR.CEZE CORPORATIONS 

INCORPORATED 

24 SOUTH SIXTH STREET 

· NEWARK, NEW JERSEY 

July 6, 1942 
Waverly Plant, 
829 Newark Ave., 
Elizabeth, N, J. 

The Commanding Officer, 
Watertown Arsenal, 
Watertown,· Massachusetts. 

Attention: Colonel H. H. Zornig, Ord. Dept. 
Director of Laboretory. 

Laboratory - ELR 

Reference: Col. H. _!{._ Zornig letter dated July 3. 1942. 

Dear Sir: 

Quenching -oroced.ures for seven Disston plates ( 3/8 ~ 
x 18 x le) processed ii1 our plant are given in• Table I .• 

The 36 x 36 plates shipped by Disston :were quartered 
{18xl8) stamued with a.ddi tional identification Number 
(-1, -2, · ._ 3 and -:-~), alL carb.urized in the same ,fur·nace, 
and the -2 sections quenched and shipped to your Labora-· 
tory. The -3 and -4- sections were quan9hed and . te.sted 
in our own ·range. T_he results of these tests appea.1" in 
Table II. 

· In my opinion the only conclusions that· may be .,· 
formed from results shown in Table II are: 

1. Straifht quench proc1uces a plate with maximum 
resie ance to penetration. . 

2, Delay quench. produces a pl41Y~¥;1th less resist-
ance to -oenetration but wlEM;BW'~~l'-fiU~ck · 
properties than #1. · · ' · ,.'CE ~··: 1 :ct , ·, , 

. . . . , DEC 16 1.943 ' . 
Delay guen:ch less'ens tendahcy ,to face.>t-~alL 
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TABLE I 
:m 
:,~ 
i;J 

THERMAL BALLISTIC TREATMENT OF DISSTION PLATES (3/3 x 13 x 13) 
'1J 

:;1 

'!j 

All plates reheated 20 minutes at 1550°F. in salt bath furn-
ace and quenched in oil at l00°F. 

r: 
" ·,'.,;; , 
::i 
'J 
,'! 

PLATE .NO. DELAY QUENCH ' ' B,H.N. 
Oil Air Oil Face Back 

564--1-2 50 sec. 1 min. 4 min. 627 277 

565-1-2 50 sec. 1 3/4- min. II 555: 4-29 

566-1-2 60 sec. 2 min. fl 653 363 

567-1-2 50 se.c. 3 min. II . 60~ 277 

569-1-2 50 sec. 5 min. II 601 375 

570-1-2 50 sec. 1 3/4- min. II 601 4-15 

571-1-2· 50 sec •. l½ min. II 601 321 

·.i 

:l 

,. I 
11 

Ii 
!li t 

! Ii\ ··, ;1 
:1 
.'i 
~i-,,· 
i/ 1 

Hjl 

'f 
·I 
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!ijll 
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ii 

Ii 

P~ge 6. Appendix A. 
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TABLE II 

DISSTON PLATES SHOT AT BREEZE RANGE 

Quench: All plates reheated 20 minutes a.t 1550°F. _in salt 
bath furnace and quenched in oil at lOQ°F • 

. 
Delay: 50 seconds oil, 1-3/4 minute air, 5 minutes oil. 

Straight(ST) - 5 minutes in oil. 

PLATE NO. 

564-1-3 
564-1-4 

I 565-1-3 
565-1-4 

566-1-3 
566-1-ri-

567-1-3 
567-1-4-

569-1-3 
569-1-4 

570~1-3 
570-1-4 

571-1-3 
571-1-14-

QUENCH 

Delay 
ST. 

Deley 
ST. 

Delay 
ST. 

B.L. 
f/s 

2322 
2453 

2327 
2374 

2565 
2640 

Delay . . 2454 
ST. 2527 

Delay 2441 
ST. 2520 

Delay 2~65 
ST. 2fi.3g 

Delay 
ST. 

P.P. 

0 
0 

0 
0 

g 
14 

0 
0 

0 
0 

0 
0 

0 
0 

C,P. 

12 
12 

12 
12 

2 
1 

15 
12 

12 
12 

12 
12 

SHOCK 
Remarks 

1-1" semi circular F.s. Ni 
l 3/4 11 F, Spc1.lls -4 NG 

Extremely ~fmll F. S. . OK 
2- 3/8 11 x J/4 11 face spa.11s -

F .. S. 2-1 3/411 xl 11 2-½ 11 x3/S: 1•N~ 
F. S. 6-1 3/411 xl½ It NC 

F. S, 1.,.1/2 11 Dia, 
F.S. 1 11 din, 

F.s. 1 - 3/S" dia. 
F.s. 1 - 3/8 11 dia. 

Extremely small F.S, 
H II II 

N( 

NC 

F. S., 2-1/4 11 dia. Other FA O• 
F,S. 2-1-3/8 11 dia, Smaller 

Page 7. ii.ppondix A. 
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RESTRICTED 

SUMMARY OF THE FIRST 
MEETING OF THE RESEARCH SUB•• GROUP 

cFOR LIGHT AIRCRAFT ARMOR 

The meeting was held at the Penn Athletic Club, December 
3rd, 194-1. . . 

The following members were in attendance: 

Lt. N. A. Matthews:-Watertown Arsenal 
Dr. E. L. Reed :-Watertown Arsenal 
Captain C. Mc Innes:-Wright Field 
Mr. J. B. Lewarre :-Wright Fi-eld 
Mr. A. B. Cooper :-Jessop Steel Company 
Mr. H. E. Doughtey :-Jessen Steel Company 
Mr. Braender:-Carnegie Illinois Steel ,Co. 
Mr. John Hodge:-Carnegie Illinois Steel Co. 
Lt. J. J. Flynn:-Navy Dept., Bureau of Orc1~ 
Dr~ Igor Zavarine:-Navy Dept., Bureau of Aeronautics 
Mr •. W. Miller:-Diebold Safe & Lock Co. 
Mr. Abbott . : 11 11 11 · 11 · 11 

Mr. Clark : 11 11 11 11 ,, 

Major J. 1 •. Atkins:,..Office ,of Chief of Ord. Ind • . Reasearch 
Lt. G. W. Reitwiesner: Aberdeen Proving Ground 
Dr. H • . a. Allen: .Franklin Institute , 
Mr~ Robert Sibley:-Henry Dis'ston' & Sons, Inc.: 
llaJor H . .. A. Qu1nn:-0tt1ce ot: Chi.et or · Ord. Ind·. Research 

. . .. ------------------------- ---------------------------------
The followihg ~lso atteridcd: 

Mr. Ensign ) 
Ml". Steinmeier ) American Car & Foundry 90. 
Mr. Geo~ge Miller) 

-----------------------------------------------------------' ' ' 

A · prog1~a~ f9r 
tipping , scroene , on 
initiated. 

inv0st,igating ye.wed: impacts indv.c 'ed by 
vari'6Js , grDdes ,Of 'armor plater WO.B . 

I / ' ' < 

I 

The foll'owing types of plate e.re to be used iri 'this 
investigati,on. , ,, . 

1 

• , 

', All ' Tt/o·t' Plnte~ to be 36 ,·x 36 x '·13/isi1 ' 

'I 
.,, 
,,, 

plate 

II 

I 
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RESTRICTED 

It was decided that the Diebold Safe & Lock Company and 
Americe.n Car & Foundry Company would undertake the 
manufacture and investigation of Item #1 and #2; that the 
Carnegie Illinois Steel Company and Jessop Steel Company 
would undertake the manufa.cture and investigation of 
Item #3 and #4;' Henry Disston & Sons would furnish the 
nitrided plate. · 

Aberdeen Proving Grounds are to institute immediately, 
under the direction of Lt. G. w. Re1tw1esner, experiments 
to establish a uniform test procedure to be used in the · 
investigation of this plate. 

It wee also decided that samples from the plat.e tested 
will be eont to Watertown Arsenal for micro~cop1c inv~~tigation. 

Agreement was roeched that all information -gained from 
the investigation is to become the common property of ., the 
committee members. It was the opinion of the Chairman end 
the maJ01"ity of the members that there was inothing · in --the 
offing to produce any gr-e£i.t improvement in ballistic S · over 
the material and alloys already in currel'.).t use. · 

, I r 
I 

I' I I 

· Dr, Reed of Watertown Arsena+ was l'equest~a. to . incqrp.. 
orate it;i these: investigo.ti_ons any ' of the iow e.lloy ari:n~r 
analyses found· to bt! p~Otni'sing for · R6il:ed 1 Armor • . I It:'. was ' 
agreed in the discussion with Captain Mc •Innes of Wright 
Field and with other service reuresentat1vee that the best 
tipping screen for inducting yaw a~1pea~ed to be 1/g" dur­
aluminum, It was tentatively Dgreed the.t the preliminary 
invest1gat1on would be nwde using 1/8 11 dl,lre.l screen, set 
60° from the vertical and at "n distanc, of 51611 from the 
ta:rget. 

A p1:-oposal by MaJor P.. A~ 'Q,uinh .that' e.11 armor 3/8 11 

and over used · inside , an airplane be . made, homogeneous, in 
a,ccordance w1 th · spe~ifioati?nAXS.:.495. ' It was the 'decision 
of the group that before final adoption of ·this. proposal 
the committee should consider the information and dD.ta to 
be gained from ttJ.e tee:t progro.m al~eady out;Lined. 

Any test ple.tea showing promise b~l'list113ally sJ::].all 
be submit~ed t~ th'e Corrunittee Fo~ RQsist

1
ence Welding. 

I ' ' • ',. ' 

It was decided .the.t another meeting should be held 
as soon as results 'had 'boeri ' a ttaine1d. ' '' ,' ' . ' ' 

'•:;, ' ' i'I 'I I ,, r;, ' ,:I ' ' I 
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FIRING RECORDS - --------------
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BALLISTIC DATA SHEET# 1 

Plate 564 - Henry Dieston & Sons, Ino., treatment 

Face Hardened Cr-Mo 

Plate 
Rd. 
~~----

Powder 
Charr·e __ :...u.,:_ 

Str. 
VeJ:. 

Cal. • 39_ AP M2 firings 

1 
2 

4 
g 
7 
3 
9 

36.0 
37.0 
39.0 
4o.o 
42.0 
4lt.0 
r.;4 0 .. . 

. 53.0 
51.0 

Lost 
2192 
2169 
2259 
2412 
25.53a 
2578 
2652 
2575a 

,364" X 36" X 36" 

PP NB 
PP NB 
pp NB 
PP NB 
PP NB 
PP NB 
CP PTP 

· CP PTP 
.Cl? FPTP 

Re1:ri.1J.ts 

shattered 
" 
ti 

" 
11 

II 

3/S"x3/8 11 Pun. s. 
7 /16 11 x7 /16 11 Pun. s. 
l/4 11 x3/8 11 Shattered 

J.0 5 rd. m.g. burst cal, .30 APM2 4CP-PTP Max, exit 

l~~ 7/16"x7/l6n 
~ service velocity lCP-FPTP~CIP-BD 

15 
16 
17 
lei 

44.o 
44 o 
4.5.0 
44,5 

2555 
2522b 

· 2590 
2557b 

Cai •• 50 APM2 firings. 
:, 

M1ss 
PP NB 
CP PTP 
CP PTP 

shattei•ed 

Projectiles tipped through 1/3 11 . c'llurninum screen set 
at µ0°, 71 6" in front of plate, then thi'ough eec.0-nd- eoreen 
set at o0 , 31 in front :cir ~late, 

' . 

16 140.0 
120.0 
105.0 
110.0 
107.0 

1919 
1665 
14lt-g 

CP 
OP 
pp 

PTP 
PTP 
SB 
:PTP ,, 

2 11 X 1 3/411 

l 3/411 X 1 i/2 11 
; 

21 
22 
23 

1574* 
1557* 

CP 
PP MB . 

· l 1/2 11 x 111 

1/2 1
) Crack : 

a,b•Ballistic limits in dingonally opposite 
' 2564 F/8, 2540 F/S~, 

~· 

aren s 
I ' I 

of pl(:l.te ·· 

4" Balll.stic limit (cal, .Sb Al?M2 ,projectiles ya.wed) 1566 F/6~ 

., 
I," 

;;1 

l 

I 

t 

: . . :' 
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BALLISTIC DATA SHEET #2 

Plate #565 - Henry Disston & Sons, Inc., treatment 

Face Hardened Ni-Cr.., Mo ------- • 363 11 x 36 11 x 36 11 

Plate 
Rd. 
No. 

Ca.l • 

1 
2 

4 
g 
7 
el l=i ., 

to 

12 

Cal • 

Powder Str. 
Charge Vel. 

• 30 AP M2 firings: 

44.o 2a44 
42.0 2 13 
41.0 2397 
4o.o 2302a 
40.5 234-sa 
4o.o 2286b 
40.5 2306b 

rds. m.g. burst cal • 

Service velocity 

• 50 AP M2 firings; 

Results 

OP Backed by supoort 
OP FPTP l/4 11 xl/4 11 Exit shattered 
CP PTP l/~"x3/5 11 Exit 
PP NB 
CP PTP 
PP NB 
CP PTP 

• 30 AP M2 

1/411 x5/i6" Exit 
Shattered 
1/411 x5/16 11 Exit 

4 CP PTP Max. exit 
diam. l/2 11 xl/2 11 • 

1 CP CIP backed by 
SUDDOrt. 
Sl\ ght baclt epalls. 

Projectiles tipped through 1/8 11 aluminum screen set at 
4o0 , 71 611 in front of plate, ·then through second screen at 
0°, 31 in frcnt of plate~ 
. 

204-o 
i 

i4 150.0 pp SB Ni, cracks 
160.0 2164 pp MB- 211 crack on ,bapk 

15. 165.fi 2229 PP MB · 1½11 ' 1,1 II .fl I 

lb 170.0 2308* OP FPTP 1 1/8 11 x 3/8 11 Exit 
17 167.5 2263* pp SB 3/411 cracks 

a.b. Baliistic limits in diagonally opposite areas in 
plate 23?5 F/S, 2296 F/S. . 

1: - ,, 
* Ballistic limit (cal. ~50 AP lvl2 projec~iles yawed) 2286 F/S . 

. ' I 

,, 

{ 
' l 
•/ 

J 
:\ 
i 

J 
I 
.) 

i 
I 

l 
i1 
n 
.j 

d 
,j 
J 

'Ii 
,ii 
i: 
[ 
!1 
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BALLISTIC DATA SHEET #3 

Plate 566 - He nry Disston & Sons, Inc~, treatffient 

Face Hardened Cr-Mo-V 

Pl e. te 
Rel. 
No. 

Powde'!r 
pha:rge 

Str, 
Vel. 

Cal. 30 APM2 firings: 

1 
2 

4 
~ 
7 
l15 

2330 
2338 
241$ 

PP-No buldge 
PP-SB 
PP-SB 

. PP-MB-CIP BD 

Results 

Shatterea. 
Shattered 
Shattered 

FS 1/2 11 xl74" 

9 
10 

4o.o 
41. 0 
42.0 
1+3.0 
43.5 
43.el 
44.o 
44.o 
44.1 
44.4 

2502 
2519 
2522a 
2550a 
2534b 
2532 
2563b ' 

PP-MB-CIP BD 
PP-CIP-Pun. S, BD 
CP-PTP Exit l/4 11 xl/4 11 

PP..,CIP-SB Shattered 
PP-SB-CIP Shattered 
CP-PTP Exit 5/16 11 x5/16 11 FS 3/411 x3/4 11 

11 5 rds. Ca1 •• 30 il.PMG 

to Service velocity. · 
15 

1 CP-CIJ?-BD 
2CP-PTP 
2CP ... BEicked. by support. 
Max. exit diam. 
t II x5/g II Exit c1:1.a.m. ·. 

. ,, ·, 

16 5 :.rds. m.g, burst Cal. 30 APM2 5 CP-PTP one BS l/~11 xl/el 11 

to Service velocity. 
20 

Cal. • 50 APM2 firings: 

ProJegtiles· tipped t r,irough 'J./El 11 aluminum screen set 
at 40°, 7' b11 in front of pla.t ei , then through second ' screen · 
set at 0°, 31 in front of plate. 

21 i65.o 2233 CP ... PTP 2 11 xl 1/411 Exit Die.m. 
22 160.0 216~ CP-PTP 2 l/8.(x~/4 1111 , II 

~a 155.0 2130 CP'.'""P',l'P : .. 2·11x3/16 · · u , II 

1ao.o 2065 CP~PTP 2"x3/4 11 11 II 

25 l 5.0 201~ CP-proj. reJ~cted 1 11 x3/4 11 

26 142.0 1981 CP--PTP 2 3/411 xl 1/4 11 

27 140.0 1915 Hit Shot . 21 · •":-.\ 
:2$ 140.0 193241' CP;...PTP 2½11 x2 11 ' 
29 130.0 1890* PP-SB · 2 ... 2 11 cracks 

' ·,: 

., 

a~b~Ballistic limitn ' in di~gohallyopposite · areas ·on plate 
'2536 . F/6, 2549 F/S. · , ·• , · •· . •.. · , i ' , i· , , 

:B~i:Jjr:s~~c , L~~~ i~ (c~l. ; .. ·,~:;::::~~:2):~f:.1J e~~:iler ya*e4)wiF9~f i: iz~:. 

~,·~ ... • . : . : i • , i:r j:
1

/::I ::/~
11

111:~!li::i:!ii: :;;::: :\•ii :i :.::1!1:1:; :: .:i::.f Iiili: i:i!:illii:i/i:iilf i : · 
.. ,, ,, ,,J ~P., .l~~ffl ... 

. . , •. i· 1; :!!
1
:::::Iii: ;:1

1
):

1
;;'.t::1 !:: ii:~:::;; !~1::~.:J1r:::::1;:1r;:i: ... !·'' . ,·!,'·• •. , ...•.•• 

. I 
' ! 

I. 
1 

I, .. ' 

t 

I 
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BALLISTIC DATA SHEET #4 

Plate 567 - He.nry Disston & Sons, Inc~, treatment 

Face He,rdened Cr-Mo-Zr. ------ .367 11 x 36 11 x 36 11 

Pla.te 
Rd, 
No. 

Powder 
Charge 

Str. 
Vel. 

yal. ,30 APM2 firings: 

1 
2 

4 
, 4-o ,o 
41.0 
4o.o 
41,0 

2330a 
23b9a 
2355b . 
2395b 

Results 

· PP-SB-CIP Shattered 
CP-PTP Exit 1/4 11 x 7/16 11 

PP-MB.-CIP Shattered. 
CP-PTP Exit 5/16 11 x 5/16 11 

5 5 ra.. m.g. burst Cal. • 30 APM2 
to Servic.e velocity 

5 CP-PTP Max. exit 3/8 11 xt" 
Large BS · starting. 

9 
Cal. • 50 AF?-12' fi:ringsr : 

Projectiles ti_pped. through 1/8 11 aluminum screen set 
at 4o0 , 71611 in front of plate, then through second screen 
set at o0 , 3' in front of plate • 

10 
11 
12 
i4. 
15 
15 
17 
18 
19 

. 
J.50 • t) 
11+o.o 
13500· 
130.0 
125.0 
122.0 
113.0 
115.0 
115~0 . 
110.0 

2051 
19lr3 
1s72 
1843 
1722 
171,4 
lo St 
1610 
1617* 
1582* 

CP-PTP 2 1 /4 11 x 3/4 11 exit 
CP-PTP 2 11 x 1 11 exit 
CP-PTP Hit shot #10 
CP-PTP 2 1/411. x '3/4 11 exit 
CP-l?TP 
OP-FTP 1 7/8 11 x 1 1/8 11 exit 
PP.:FPTP 1 1/4 11 crack. tp.r\l plate 
Hit .sh·o~ ··#l3 0,l:L;J?TP • 
CP 3 1/2 11 x 2:··1/211 · open1 ng:: 

· PP-SB no .cracks, · 

a.b•Ballistic limits in diagonally opposite areas in plate 
2350 F/S, 2375 F/S. 

. . 

* Ballistic limit (Cal~ .50 APM2'pi·oject1+Eis yawed) .. 1600 F/S 

. .. .. 
!' . 

;1',·,1 1 ·I , I ~ 

11• · :' .a:, ! ,, ' 
I' '•ti 

: I ,,t 

'1•: 
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BALLISTIC DATA SHE~i' #5 

Plate 569 - Henry Di-sston & Son s , Inc., treatment 

Fa.ce Hardened Mn-Mo •·· ----- • 372 11 x 36 11 x 36 11 

Plate 
Rd. Powd.er Str . 
No. Charge Vel!.. Results 

Cal. .30 APM2 firings: 

J. 42.0 2422a PP-CIP-F. s. 7 /3 11 :x-;u Shattered 
., 43.0 2461fa CP-CIP Shattered ·-
~ 42.0 24oo OP-PTP 

4lo0 2335b CP-PTP 
5 4o.o 22B9b PP- CIP-MB-BD 

6 
to 
10 

5 rd .• m.g. burst ca.l •• 30 APM2 5 CP-PTP max. exit 
7/16 11 X 7/16 11 

Ca.l •• 50 APH2 firings: 

Projectiles tipr;,ed through l/lS 11 aluminum screen set 
at 40°, 71611 in front of pla.te, then through second screen 
set at o0 , 3r in front of ~10te, 

. 
11 150.0 2076 CP-PTP 2· J./e 11 x1 11 

12 135~0 1892 CP-PTP ·l 3/~·f'xl 11 . 

i~ 120.0 1660 . CP ... PTP 2 1/S 11 xl 1/41i 
110:0 1559', CP-FPTP 2 11 crack 

ii:: l0j~0 · 1a28* CP-FPTP . 2 11 crack 
1t 105.0 1 78* PP-SB 

a.b.Ba.llistic limits in di&gona.11,y. e-oposity a.reas on -pla.te 
2445 F/S, 2312 F/S. 

* Ba.llistic 11ml t (cal •• 50 APM2 projectiles y~wed) · 1~03 F/S. 

,, 

/ 

··; 

i 

I 



BALLISTIC DATA SHEET #6 

Plate 570 - Henry Disston & Sons, Inc .. , tree.tment 

Face Harc.ened Ni-Mo _.:_:_____ • 390 11 x 36 11 x 36 11 

Plate 
Rd. 
Ho. 

Cnl • 

1 
2 

a 
~ 
7 

Powder 
Chnrge 

• 30 APM2 

43.0 
41.0 
4-2~3 
42~7 
4-3~0 
4-2. 5 
!~2.0 

Str. 
Vel. 

firin[(B: 

Results 

CP-PTP " 
PP-No bulge 
PP-No bulge 
PP ... No bulge 
CP-PTP 
CP-PTP 
PP-SB 

Shattered 
Shattererl 
Shatterea. 

~ 6 rd. rn.g. burst cal •• 30 APM2 
Service velocity to 

l}. 

5 OP-PTP 
M ' t 7/16 11 X 3/do 11 a.x. ex1. o 

Cal. .50 APM2 firings: 

Projectiles t j_-onea. through 1/3 11 aluminum screen set 
at 4o 0 , 7'6 11 in front of "Olate, then through seconc1 screen 
set at 0°, 3' in front of rylate. 

14 160.0 2167 CP ... PTP . 2 11 x3/4 11 Pun. 

15 155~0 ~J.05 CP-PTP 2 l/e 11 xl 1/8 11 Pun. 

lb 1ao~o ~oa6* CP ... PTP 2 3/4 11 x2 1/S" 

17 1 5.0 20 6 Hit Shot #15 
18 11~5~ O 2061 PP-No bulge struck screen frame. 

19 1l10 ~0 19?1 PP-SB 1 11 -BC 
I • ' ' 

20 - 143~0 1964 pp no bulge 
21 145~0 1967 PP-SB l Ii back crack 

' ~ ' 

~?. 14-s:o 2040 Hit shot #19 CP-PTP 

?.~ 
l . 199l1 PP backed. by SU"T)'!')Or't 1 ~7 .o 

:,4 J_ll-7. 0 ?016* PP-M._B. J. II BC on bulge. 

a.,b•Ballistic Limits fr1 a.iagonally opr:;osite ar eas in pl'ate 
2~~9 ·F/,S, 2409 F/S. 

* Ballistic limit (ce.1. .50 APM2 projectiles yawed) ·2036 F/S. 

.. i' ,j 

I 

,. ,, 
~- -
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BALLISTIC DATA SHEET# 7 

Plate 571 - Henry Disston & Sons, Inc. 1 treatment 
' ' 

Face Hardened Ni-Mo-V 

Plato 
Rd. Powde1 .. Strn 
No. 0haI•ge Vel~ Results 

Ce.1. ,30 APM2 firings: 

1 4a.o 2472 PP-CIP-BD 

2 4 "o 2522a PP--SB Shattered 
;; 4405 256sa CP-PTP 
[j. 44.5 25.49 . PP...:SB-CIP Punching started 

g 4500 2Goob pp.,::MB Punch S. 
45.2 2646b CP-CIP Punching 

7 5 rd.s. m.g. burst cal •• 30 APM2 2 CP-PTP FS 1 3/~ 11
xl

11 

to Service velocity 2 CP~CIP 
11 1 PP,SB 

Cal •• 50 APH2 firings: 

Projectil~s tipped through 1/S" aluminum screen set 
at 4o0 , 71611 in front of :ple,te, then throu.gh seconcl screen 
set at 0°, . 31 in front of plat0. 

12 

1~ 
160.0 
140.,0 
137.0 

2196 
1951* 
1909* 

CP-PTP 2 1/t 11 xl 1/411 
cp .. FPTP 1 11 crack 
p .P • . 

a,. b • Ballistic limits ln diagonally oppo s:l:te areas of plate 
2545 F/S, 2623 F/S~ 

* Ballistic limit (cal. • 50 APH2 projectiles yawed) 1930 F/S 1 

! 

I 

'I 

';. 
:1 

·1 
I 1· ~ ,, , 

I 

i 
'' ! 

:• 
J, 



BALLISTIC DATA SHEET #3 

Plate 565-l - Diebold Safe & Lock Co. treatment 

Fac.e Harc1ened Ni-Cl'-MO ---- ----- .387 11 
x 36

11 
x 36

11 

Plate 
Rd. 
No. --· 

Powder 
ChargE:_ 

Str. 
Vel. 

Oal. • 30 APiv12 firings: 

1 ~11 .• 0 2a62 
2 42.0 2·02 

R 
43.0 24-f10a 
l~ 3 • 5 2(t09a 

~ 
4 'i. o 2 ~99 
43.5 2503 

7 44.8 2537 
8 4 :o 2555b 
9 44-·, 3 2572b 

10 5 rd. m,g. burst cal. 
to Service velocity 
14-

Cal • • 50 APM2 firings: 

Results 

CP-PTP 
PP-CIP BD 
PP-GIP BD 

CP-PTP 
PP-SB Shattered 
PP-LB-Pun. s. Shattered 
PP-CIP-HB BD 
PP ... C.IP-MB BD 
CP-PTP 

.30 APM2 5 CP-PTP 
Max.. exit diam. 
7/16 11 x3/3 11 

Projectiles tipped through 1/8 11 aluminum screen $et 
at 40°, 71·6 11 in front of plate, then through second spreen 
set at 0°, 31 in front of plate • 

. OP-Nose forced through plat~, 
15 170.0 2236 

16 
shattered, unyawed. 

170.0 2a13 PP-LB 11:- 11 BC Shattered . ,:: 

17 175.0 2 93- CP-PTP Unyawed 

18 175.0 2456* PP-LB -

19 173.0 2 04-* CP-LB 2" BC 

a.b.Ballistic limits in diagonally ouposite areas in uiate 
2495/ F/S, 2565 F/S. , - . 

•~ Ballistic limit (cal •• 50 ,APM2 projectiles yawed) 23$0 F/S. 

I 

.. ,, 
:,.: 
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BALLISTIC DA'I'A SHEET #9 

Plate 570-1 - Diebold Safe & Lock treatment 

Face Hardened Ni-Mo ---------- .3$0 x 36" x 36" 

Flute 
RJ.. 
No. 

1 
2 

4 
r.; 
i 
7 
~ 
9 
10 
11 
12 
13 
14 
15 

Cal. 

St. 
Vel. 
f ir~ngs: 
lost 
2i;i:-q (, J_. 
2437 
21+25 
227£:,a 
227~~a 
2"312 
21+02 
2393 
2330 
2462 
2470 
lost 
2490b 
25020 

16 5 rds. m.g. Cel •. 30 ArE2 
to Service velocity 
20 

Cal. , 50 ArM2 firinp:e: 

Results 

PP-no bulge 
CP-PTF 
OP-PT? 
or-PTF 
CP-CIP-?un. S. 
FP-SB 
Pl'-MB-CIP 
fP-CIP 
l?P-CIP 
n:-CI? 
I'l:-CU'-SB 
I'I'-Cif-MB 
p~·-CIP-MB 
rI·'-CIF-I-un~ S. 
CP-CIP-I'un. S. 

She. t t E)r 0d 
ShE.1.tt Grca. 
Shattered 
·shatt0red 
Sl:e. t t G.i.' ed 
,Shatt el' ed 
'Shatt er ed. 
Shat t0rcd 
Shatt0red 
Shattered 

~- CP-PTP 
b,x. exit diam. 
7/16 11 x3/S 11 . 

Proj~ctilcs tip·,)ed through 1/S" aluminum. 8creon set 
at 4o0 , 71611 in front of plr:tt'18, th\?.?n through ercona. screen 
at 0°, 31 in froDt of plate. 

21 11+5~0 2055 I:'P-SB Sho.ttored 

22 l:15',;0 211'1 ?l")-MB-Pun. .s. 

~~ 
150.0 2168 CP-Hi t othe1~ imuac t 
160,0 2194 Not yawed C?-T·TI' 

25 160,0 21S6 C:P-i?TF-Ynw. 60° 

26 ].60 .o 2176 C:f-PTI'-Y1:1_w, .7f;,0 
• 

27 160.0 2133 Cf--rhflttr.-red-Y:;~w. 75° 
2~ 160,0 2173e. FF'."" Sh!{tt crcd yawed 

29 18(),0 2330 C?-:PT:f . Yawed •opening 1 7 /'8 11 x3/4'1 

30 J 17000 227~ C:r?-I'Tf~Yawed 

31 165 .• 0 2239 CP-PTF-Ynwol'l 

32 .162.0 2193El CP-PTP Yawed 

5~ 165.0 2253 CP-?Tl? Not. fully Vl?,wed 
165.0 2237 C~-PTP <!. l 1!xl 1/411 

,,. . II ·" · '.. ' 

35 . lb0.0 , 21$7b Cl?-LB-2 . era.cl~ . . 

'. 35 15~.,o· · 2156 Hit p~ey,ious impact 
1 

., ;'i :::.,:p,:;::.:·. , ·; I ;: : ' , ; ': : , 

Ii ' I 

I 

t 
' ' ,,: 

I
I 

1
, 

: 
I 
rj 

I ·;1 

!{ 



BALLISTIC DATA SHEET #9 (cont.) 2 

Plate 
Rd. Powder Str. 
No. Charge Vel. Results 

)7 15s.o 2163b PP-MB-No crack on back 

a·, b~ 
Ballistic 
2275 F/S, 

limits in diagonally opposite areas in plate 
2496 F/S. 

a.b.Ballistic limit (Cal, .50 APM2 projectile yawed) 2183 F/S, 
2175 F/6. 

I 

,. 

., ) 
.. : 

), ,,. ,. 

,. 
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BALLISTIC DA':i:A SHE~ET #10 

Plate 564-1-2 - Breez.e Corporations treatr1er.t 

Face Hardened Cr-Mo ----·------ • 3S3 11 x 13 11 x lS 
11 

Plate 
Rel.. 
No. 

Powder 
Charge 

Str. 
Vel. Results _____ __;;,. ______ ~----·-

1 11 rds. m.g. burst cal •• 30 APM2 S· CP-PTP punchtngs me.xi 
exit } 11 x ,3/8 11

, to Service Velocity 
11 

Calo • 30 APM2 firings: 

12 4~ 2432 
1-:S ~~-~) ··4,...o C. 0 

14 2522 
15 tta 25s2a 
16 2432 
17 43.5 0 ') 2 (. ( .. 
18 43 2442b 
19 42.5 2402 
20 42.5 2402 

*21 53(1ot6.5 25B7a 
HU) 

22 42.5 2422b 
\ 

Cal. .50 APM2 firings: 

5 CP-PTP .full petalllng 
max. exit )/! 11 ~3/g 11

• 

1 rd. miSSf.:d • 

PP Pun. S. CIP- BD 
PP-MB-CIP BD 
PP-LB-CIP BD 
PP-CIP intact Pun. S. 
OP-Punching Exit ,} 11 x5/1611 FS 1 11 x7/3 1! 
OP-Punch 3/e 11 x3/sfi FS 1 11 x7/8 11 

CF-Punching l/4 11 xl/411 

CP-hi t shot #16 
PP-too close to ehot #17 
CP-Pu·n. 5/16 11 x7 /16 11 

PP-MB 

Projectiles tipDcd throur:;h 1/Elll olumlnum screen set 
at 4o0 , 71611 in front of plate, then through seconc. screen 
set at 0°, 3 1 1n front of plate. 

220~ 
2204 
2197 
2211 

OP-Struck Rds. 6 & 7 
CF-PTP. B,S,-li" x 2 5/S 11 

Cl'-PTP Exit 1 7/r!i 11 x 1 7/3 11 

CP-PTP Exit 2 7/8 11 x 2 11 
• 

a.b.Ballistic limits in:· diagonally opr;os.1te ureas of 
plate--2~!5 F/S, 2432 F/S. , 

* Shot 21 in first B.L. test using high Vel. powcler 

:1; ,. 

I 

V 
'I 
I 

I 
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BALLIS~IC DATA SHEET #11 

Plate #565-1-2 - Breeze Corporati~na treatment 
Face Harc1ened Ni-Cr-Mo ------- .3,S9 11 x 16 11 x 18 11 

Plate 
Rd. 
No. 

Powd.er 
Charge 

Str. 
Vel. 

Cal. • 30 APM2 firings: 

1 
2 

~ 
~ 
7 ··:: 
8 
9 
10 
11 
12 

i~ 

3s.o 
39.5 
~9.0 o.o 
~9 i:; 
) 0 .,, 

39~7 

39.7 
49-7 o.o 
4o.o 
41.0 
42,0 
4-1 r; 
4-1:3 

2274 
2350 
2313 
237~a 
2304 
2363 

2300 
234~a 
226 
22s4 
2443b 
2 32 
2402 
2373b 

Results 

PP-NB 
Yawed impact 
PP-SB-CIP 
CP-PTP punching 3/s 11 x5/16 11 

·PP-SB-CIP 
CP-PTP punching 3/8 11 X'.J/16 11 

cloae to rd. #5. 
PP-SB 
PP-CIP-Pun. Sa B.D. 
PP-S3 
PF'-SB-CIP-BD 
PP-NB-CIP-BD 
CF-PTP 3;g 11 x3/16 11 punching 
CP-PTP 7 /16 11 x-?11 punchlng 
CF-FT:2 3/~"x3/G 11 punching 

too. 

15 5 rd, m.g. burst cal. • 30 Ar1,i2 5 CP-PTP puhching_s 
to Service velocity max. exit 9/16~x7/16 11 

19 

20 5 rd.. 1,1.g. burst cal •• 30 AFM2 5 CP-I'TP punchings 
to Service velocity max. exit 7/16"xi" 
24 

Cal. • 50 A?M2 firings: 

rrojectiles tip:)ed through 1/$ 11 aluminum screen set 
at 40°, 71 611 in · front of plate, then through seccnct screen 
set at 0°, 31 ~n front of plate. 

25 
25 
27 

2209* 
2197 
2203* 

PF 
Struck Rd. #1 CF-FTP 
CF - CL Exit 1i 11 x-~n 

'- " 

a~b•Bal~istic limits in diagonally o~posite areas o~ 

plate - 235el F}'S, 235$ F/S. 

* Ballistic limit (cal •• 50 APx-12 projectile yawed.) 
e.bou t 2203. 
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BALLISTIC DATA SHEET #12 
i \ 

Plate t;6h-l-2 - Breeze Corpor~tionp treatment 
Face H~rdened Cr-Mo-V -----~-- .~ol"x lg" xl8" 

Plate 
Rd. 
No. 

1 5 
to 
5 

6 r.· 
'.) 

to 
10 

rd. 

rowdrr 
Chare;e 

Str. 
Vel. 

burst ca.1. m.g. 
Service velocity 

rd. m.g. burAt cal. 
Service velocity 

Ca l. • 30 ArM2 firings~ 

11 
12 

i~ 
15 
16 
17 

18 

19 
20 
21 
22 
23 

4-3.0 24-77a 
4-4.o 2557 
43~5 2527a 
44.o 2512 
4-4.5 2552 
4-5.0 25~2 
51+.o (Hi · 

Vel)a662b 
53,5(Hi, ~632b 

Vel.) 
65.0 3094-
6~.o ~oi:;2 
66.o 2923 
60.0 2917 
60.0 294-2 

Cal •• 50 APM2 firings: 

.30 :ft.PM2 

.30 Al?M2 

Results 

3 CF-FTP punch~ng 9/1611 x-½ 11 

2 pp 

4- l?F run. s. 
1 CJ: Funching 3/El"x3/e 11 

Face spalls 1 3/8 11 x2 11
, 

1-Pxl 5/16 11
• 

PP-NB 
CF Punching 7/16"x3/S" 
er Funching t"x7/16" 
FP-NB 
FP-NB 
PP-SB 

CFMCIF Pun. S, B.~. 
PP St~r crack F.S. l~x3/4- 11 

OP T'unching 7/16 11 x-½" hit #15 
Cl?-PTI' Punching 5/13"x5/3 11 hit #17 
CP-PTP Punching 3/S ''x½ 11 FS lllxl 1/El" 
C?;...PTF Funchlng J 11:xi 

11 

CP-PTP Funching 9/lb 11 x½ 11 

Prot'iectiles tipped throuch 1/8 11 aluminum spreen set at 
4-o 0 , 71 6 1 in front of ple.te, then throuf;h a.' second screen 
set at 0°, 3' in front of pl~te. , , 

2196* 
2201* 
220e\ 

PP-MB 
CP-FFT'P exit 5/~ 11 x5/~il . 
cr-FFTl? Punching ~ "x½" 

a,b•Ballistic limits ·on diagonally epuosite areas of plate 
2502 F/S, 264-7 F/.s. , 

. . . .. , , ' I 

* Ballistic limit (cD.1. ' .50 A'PM2 ' projectiles ' ~~we~) 2199 F/S. 
1 
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BALLISTIC. DATA BHEET #13 

Fla.te 567-1-2 - BrC:leze Corpora,,tio.ns treatment 

Face Hardened Cr-Mo-%%' ----------- • 379 11 xl8 11 xl5 11 

Plate 
Rd. 
No. 
Cal • 

1 
2 

ii 
g 
7 s 
9 

Powder Str. 
Charge Vc_l...!.. 

• 30 APM2 firip£s: 
54 26/2 
53.0 2637 
52.0 2592 
51. O 2537 
50.0 24-72a 
4-s.o 2392 
49. 0 24-52a 
49.0 2437b 
4s.o 2401b 

Results -----
CF-PTP Pun. 7/16 11 x 1 11 

Cf-FT:P Pun. 5/16 11 x3/S 11 

CP-PTP Pun. 3/g II x·t 11 

CP-PTP Pun. 3/8 11 x7/16 11 

CP-PTP Bun. 3/Slfx3/~ 11 

PP-MB-CIP-BD 
PP-MB-CIP-BD 
CP-PTP Pun~ 3/t 11 x3/S 11 

PP Pun. s. 

10 
to 
19 

10 rd. m.g. burst cal. .30 APM2 
Service velocity 

2 rds. t.;ang:ent7/S 11 x-~~1 

3 rds. CP-PTP pun. f 11 :u- 11 

5 rds, CB-PTP pun. 7/l;u_ 
x 3/S 11. . 

Cnl •• 50 APM,2 firings; 

Pro~ectiles tipped 'through 1/S" alumi'num screen set at 
40°, 7161 in front of plate, then through seco'nd screen 
set; at 0°, 3' in front _of l)latE: 0 

20 i65 2211 CP-PTP exit 1 5/i1 1)x2 j/4 11 

21 165 2203 CP-PTP exit 2 1/S 11 x2 11 

22 165 2197 CP-PTP exit 1 3/411 xl 7 /,S 11 

a b limits in diagonally op~osite .areas of plate • • Ballistic 
2462 F/S, 2419 F/S. 

I' 
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BALLISTIC DATA SHEET #14 

Plate 569-1-2 - Breeze Corporations treatment 

Face Hardened Mn-Mo------

Plate 
Rd. 
No. 

Powder 
Charge 

Str. 
Vel. 

Cal. .30 APM2 firings: 

1 
2 

~ 
g 
7 10 
to 
16 

43.0 
42.0 
42. 5 
43.0 
43.5 
51.o(Hi. 

Vel.) 

24-67a 
2,92 
24-32a 
2437 
2502b 
2512b 

rd. m. g . burst cal. 
Service velocity 

Ca.l. • 50 !PM2 firings: 

~32 11 xl8 11 xlB 11 . ; 

Results 

CP-PTP pun. 3/g"xi,- 11 

PP-NB 
PP-NB 
PP-NB 
PP-Pun. S. 
CP-PTP Pun. 3/S 11 x7/16 11 

.30 APM2 5 CP-PTP !)Unchings. 
Max. e:xi t l" :x;{ Ti 

3 CP-PTP punchings . 
·Max. exit ·! 11 x7716 11 

2 PP-Pun. S, 

. Projectiles tipped through l/~ 11 aluminum screen set 
at 4o0 , 71611 in front of plate, then .;hrough secon~. sc:i:'een 
set at o0 , · 31 in f~ont of plate. 

17 
13 
19 

2209 
:?.196 
2205 

CP-PTP exit 3"x3i" 
CP-Elxit 1 11 x3116 11 backed by support. 
CP-PTP . e::i t 2 7/8 11.xl 5/S II struck 

· shot #12 anc1 #14, ·· · · . . 

a.b.Ballistic 11m·1ts in diagonally opposite areas of plate 
2450 F/S, 2507 F/St .. ,_ 

.,, 
ii 
! 

I . 
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BALLISTIC DATA SHEET #15 

Plate 570-1-2 - Breeze Corporations treatment 

Face Hardened Ni-Mo--------- ,3s411 xlg 11 xl$
11 

Plate 
Rd, 
No. 

Powder 
Char_E.£ 

Str. 
Vel. Results : 

1 10 rd. m.g. burst cal •• 30 APM2 5 CP~PTP Max. exit 
~, 11 x3/s 11 

to Service velocity 
10 3 CP-PTP 14.B.x. exit 

7 /16'"x3/8 11 

2 yawed-1mpac ts · 

Cal. • 30 AFM2 firings: 

11 t~4· 0 24-12 PP-SB-CIP-BD 
12 4 .o 2552 dP-PTP nun. ½".x5/16H , 
13 43.5 2r.·oo CP-PTP p1,m. 3/3 11 x7/16 11 

14 4-3~0 2?i-22a PP-CIP-Bl) 

15 43.2 24-62a CP-P'?P pun. 5/16 11 x3/3 11 

16 43.0 24-4-9b CP-PTP pun • . 3/8 11 x3/S~ 
17 42.5 2432b PP-SB-CIP-BD 

Cal •• 50 APM2 firings: 

Projectiles tipped through 1/3 11 aluminum screen set 
at 40°, 71 611 in front of plate, then through second screen 
set at Ob,3 1 in front of plate. 

lS 
19 

2204-
2197 

:CP.-PTP B.S. 1 l/E\ 11 x3/4 11 

CP-PTP max. exl t J 11 x2 11 
, ;,: 

a. b.B 1 i t i ·· · a 1 s le 1 · m1ts 1n diagonally opposite areas of plate 
2442 F/S, 244-1 F/S. 

:1 



BALLISTIC DATA SHEET #16 

Plate 571-1-2 - Breeze Corporations treat~ent 

Face Hardened Ni,-Mo-V ------- .3to 11 xl8 11 xlcf11 

Plate 
Rd. 
No. 

Powder 
Charge 

Str. 
Vel. ResultR 

1 10 rd. m.g. burst cc1l. .30 APM.2 50P-PTP pun. 3/8 11 x3/S 11 

5CP-PTP 3 ~un. ½11 x7/16 11 

2 p0talling 
to Service velocity 
10 

Cal. • 30 APM2 fil'ings: 

11 
12 
1~ 
14 
15 
15 
17 
18 

4;~ 
42.5 
4 3. o 
44.o 
44.o 
4-3.0 
42.0 
42.5 

2442 
2462 
2484a 
2532a 
2572 
2Ll•72b 
2373 
c!422b 

Cal •• 50 APM2 fir l ng s: 

PP-MB-CIP-BD 
PP-MB-CIP-BD 
PP-MB-CI?-BD 
CP-PTP pun. { 11 x5/16il 
CP-PTP pun, 3/S 11 x7/~6 11 

CP-PTP pun. 3/13 11 x3/c:1 11 

FP-SB-CIP 
P?-MB-BD 

Projec til<:; s tipped throug!1 1/S 11 cl uminurn screen 
set at 40°, 71 b11 in front of plate, then through second 
screen set at o0 , 31 1n front of ,1ate. 

19 1615 2201 · CP-p:coj. failed to yaw. 
20 165 2199* CP-L.B. 1.:1,11 BC .... 2 
21 165 2217 CP-proj. failed to yaw. 
22 165 2205* P,P.-LB 3;1+11 BC 

a.b.Ballistic limitR in diagonally o:.:-iposite area.s of the plate 
250$ ·. F/S, 2447 F/S. 

* Ballistic limit (cal. ,50 APM2 projectiles yawed) 2199 F/S, 
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KEY TO ABBREVIATIONS 

Effects on Plate 

CP 

pp 

CIP 

Pun 

SB 

LB 

MB 

NB 

BS 

FS 

FP 

BP 

Inc. 

SC 

BC 

s 

Complete penetration 

Partial penetration 

Core in plate 

Punching started 

Slight bulge on back 

Large bulge on back 

Medium bulge on back 

No bulge on back 

Back spall 

Face s-pall 

Face. petalling 

Back petalling 

Indom:plete 

Star cro.ck 

BD.Ck crack 

Effects on Projectile 

FTP Passed thru plate 

FPTP Failec1 to pass thru 

ND Nose destroyed 

Bl) Base destroyed 

Ni .... Nose intact .·· 

BI Base intact . 

plate 

I \ 

Note: Unless otherwlse specifi;ed, . the . powder c~s.:rge' 
was measured· in grai:~s. 
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