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EXMãimTIQB OP HIGH úU/iL £gg 
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Purpose 

Tho purpose of this investigation was to üotemlno 

ooEio of the aotallurgloal oharactoi’istlcs of high 

quality horaogoneoua araor plato^ 

ConoIuo.I orb 

Tno following charaotoriotlco aro dooirublo In 

armor plato to obtain optîcaîm ballistic proporfcioa: 

a. A thoi’oughly dooxldlaad atoelc i’oaulfcing °n For_ 

in a fairly clean otoeli, freo from aogregaticna of non- ' 
n 

mo tall io InolualonOo cation_ 

b, A finOf uniform grain after proper heat 

treatment,, roer-lting In a unlfox’is distribution of car¬ 

bides in fcho mlorostruotureo 

Co Brinell hardnoeo of 410-444« 

Introduction 

In oonnoctlon v/iti. the program on tho development 

of homogeneous armor plato# two 1/2" platea of tho 

Tliis decu:/:i*.it 1 i,, l. )y*x3vxhk i 
t-jv puhik * A. rtrl'i: ivs j 

cîktsihuiîca ti v.viimiíÂüL fv J 

HSNddXd INï3Ni\Jd3AÛÜ IV üdJnüUbld3d 

•f 
.1.. 



:• ^y7-3.^'vVyy V^- "V> \V\.> V^v LN1%^%V;Tv^Tn" \' J " O ' f * ' ■! V- « r-r^-r^r 

i 

^^^. T -_*’, 

PÎ 
- 

ïy: 
K\ 

« 

m 
w: 
\<\ 
V< 

a 

r 
VV\ 

î'vV M 
>• 

Í- 
k.n; V ^ 

1,7, 

fSr 
lv"-*** 

y\- 
ys 

• ..n 
r-v - : 
K 
K 
ÍV'. 
[-.--- 
Kr,-i-. 
#. 

P 

L.-. 

* 

E 

atandard chrosniusa-raolybdonum-vanadiur. coiapoaltlon, 

manufactxired by the Honi’y Dis b ton f; 3ona, Inc., wore 

heat treated by two different netliode at .'/atertoan 

Arsenal,, in order to produce a i'lnoe uniform Grain. 

Tiloso plateo wars ¿jlvon a ponobrafciou toot ut Aberdeen 

Proving Ground. (80© A.P.O. Partial Report Uo. 117). 

The balliotlc limit of the boat treated plotoo was 

8ÖS0 f/o. Cal. .30 A.P. iül922 oeiaunition„ which ia 

100 f/o in exceso of that specifled fur half-inch 

plate in Specification AXS-54K - Rev. 3. 

Since the sallißtic limita of theao platoo wore 

the hlghoat on rooord ut tills oreenol, it was believed 

advisable to study the taotailurgioal properties of the 

platea, in order to establish a better undoratancllng 

of fcho factors which contributo to tho manufactura of 

hlgr'. quality plato. 

Tost Proooduro and Materials 

Two annealed horaugonoouo arrear pi atoa 10xl2-i/2n 

v/aro obtained for thin tost from tho Honry hies ton 

& Sons, Inc„ 

Theso plates wore .54111 thick. 

1. Chomlcal Analyalû 

Ch«:-;!cal onalyoia was made on t.slc nateriui. 

2. Heat Treatment 

a. Plato Ho. 1 was hoatod bo 10 j,Jr’, he. ci ¿ hoar 

quenched In oil, drawn to 9230P for 2 hoi.ru, sir ooolo-i. 

-2- 

.SN3dXd lN:-)IAJNUaAO'J IV tIJSIIUUSd III 

I ! 



í 
Ü 
Ji 
L-7-. 

M.w/ 
Sv 
H •• “ 

í*^ 

s.^ 

Í\m 

«I 

Lv. 

;>V 

V ■ 
^‘\ • 

ÍV 

* 

b. Plate No. ¿ was heated to 1600uípt held 

at that temperature for 2 houre, slowly cooled in 

furnace to 1400oFp quenched in oil, and drawn to 

928°^ for 2 hours, followed by air cooling. 

3. Maorofloopio ExaminâtIon. 

Hlaoroncoplc examination was made on samples cut 

parallel to and at right angles to the direction of 

rolling. 

4. Microscopic Examination. 

A study of the uniformity of structure and of 

the grain boundary conditions \7ao made on samples 

cut from tho platos. 

5. Hardness. 

Hardness tests were made on these plates after 

these heat treatments, 

6. Ballistic Toste. 

Preliminary ballistic tests were made at Watertown 

Arsenal. Since the plates could not be oenetrated by 

the ammunition at Watertown Arsenal» they were sent 

to Aberdeen Proving Ground for the final ballistic 

tent. Ballistic tests were made normal to plate with 

Cal. o50 A. P. Qiiramnltlon. 

Results 

1 * Chemieal Analysis. 

The chemical composition of this steel in given below: 

C Mh. P S Si Or Ko V 

.488 « SB o 018 .019 . ¿75 1,13 .58 .¿5 
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á• Macro a op oio ^xamln a tIon. 

The macrostruoture of the plate both In the 

direction of rolling and at right angles to the 

direction of rolling consisted of a uniform banded 

structure, see Pig. ¿3. 

3• Mloroeooplo examination. 

Pigs. .1, .3 ond 4 Illustrate the microstruoture of 

plates Nop. 1 and 2. 

4. íínrdnePG Teste. 

The Brlnell Hardness of the plates Is shown below: 

Pints No, 1-- 444 

Plate No. 2 - 444. 

h. dpl.l, Istlc Tent« . 

Plates Nos. 1 and 3 were tested at 'Vatertown 

Arsenal and pound to defeat lal . ..30 I. ' .m. 113 i 

ammunition, having a striking velocity of <J60G f/p. 

The results of the ballistic tests made at Aberdeen 

Proving Ground are: 

Table 1 

Ball Int 1 o L Lm 11 ’ (enar s 
Oal. 30_A.,P._M ._Jlü4è _ .. 

Plate No. 1 ¿7á0 f/s ■» 

Plate No. 2’ >i716 f/n « 

No spalls 

Mo spalls. 

These ballistic limits were mads an platón .fHl'1 
thick. The ballistic limit was calculated for .^00“ 
thick plate on the basis of ballistic data in ’/. A. Report 
No. 710A3B3 - '*A Comparison of the 9nl Untie Mf^lolenoy 
of Recent r,1ace Hardened Homogeneous Armar Pintos’*. 
This average value waa found tò be f/s. 
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PI ooiuin Ion 

The heat from which this atieel wae made wnra 

thoroughly âooKlâîzedl and nufflolently cropped, thereby 

eliminating laminations and segregations of non-metalllo 

Inoluelons (see Pig. la). Apparently this heat wne 

deoxidized with Titanium, elnoo remnants of deoxidation 

producto (titanium oyanonltrlde Incluelona) were uniformly 

distributed In the mlcrootruoture. The characteristic 

shape of ono of these Inclusions rat XIQUO, la shown In 

Fig. 1. 

The platea were thoroughly cross rolled as noted In 

the macroecoplo .Study (pee "Mg. 2). 

The mlcroetrueture of Plate No. 1, quenched and 

drawn according to the normal practice, consisted of a 

fine uniform trooetlto-norMte structure ( se* h’lg. .5). 

No continuous chains of grain boundary carbide were 

ovldont (neo Fig. 4)* Such grain boundary condltlona 

have been shown to bp related to spalling In homo¬ 

geneous armor plate. 

The mlerostruoture of Plate No. ,i, heat treated 

according to the delayed quenching method had n fins 

troostlto-oorblte structure, like that of Plate No. 1 

(Fig. 3). ho segregations of the objectionable grain 

boundary ourbldo were evident (Fig. 4). 
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Tha ballîotîo limite oi' the a g two platas were 

100 f/a abovo that specified for half inch plato in 

Specification AXS-Ü4E Rov. 5» Ho evidence of spalling 

«as notedo 

Thie p.atorial i’oapondod satisfactorily to the 

dalayod quenching method. It Is claimed that this 

method of heat treatment eliminate® residual tueuching 

strains. The ballistic limit obtained by this method 

was nearly the same as that obtained by the standard 

quench and draw method. 

The Brine11 hardness of thee© plates was 444f the 

amxlKun required for high quality hr ogenaoua plate. 

Summary of Resulta 

The subject armor plato poeooaooe the following 

metallurgical proporfclúo¡: 

a Uniform dietribution of fino nonmetallio 
inclua lona. 

Uniform troostito-aorbitic atsueturo. 

Unlfom distribution of fino ctirbidoa» 

Drinoll hardneon of 410-444. 

Heapsofcfully anbeitted, 

Approved; K. L. Reedo 
Uaaoarch aotallurgist 

3.B. lUtohio, 
Lt. Col., Ordnoncio Dspfc., 
Director of Laboratory. 
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Plate *?2 

Uniform dintrlbn1“ Ion of cjmall non-m^tnl Mo Inolu^lonn. 

K^5 ¡1X2029 

Uniform clintribntion of qidöII non-metnlllo inolne1.*).n 

XI00 Hklü&ù 

Typical tltQniTjm cyanonltrinolualonfl in the steel 

XI000 ' ^«061 

Soeclraen unetohed. 
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FIGURE 1 
Plate H 

Specimen unetched 

X35 

X100 
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Plate #¿ 

Th^p« .n'icrographp are al ro typical of Plat« No. 1, 

atnoe both platen are from the bajío heat. 

Unlr’om, bande i structure In the direction of 

rol 1 inis;. 

Long!tudlnal. 

Waoroetructure of eeotlon at right angle* to the 

direction of rolling. 

iran everee. 

Stoned in Oberhoffer*b Reagent 

Longitudinal section, K5 - fóA¿06á 

TranBveroë section, Xñ « MA2059 
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Longitudinal 

Magnified 5 Diameters 
W.A.OHO -2461 
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FIGURE 2 
Plate #2 

Etched in Oberhoffer’s Reagent 
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KIGtmS .3 

Plate #1 

Uniform troostito-aorbltlc structure In the 

quenched and drswn plate. 

XI000 MA205B 

Plate 

Uniform trooetlto-sorbltlc otruoture In the plate, 

heat treated by the delayed quench method. 

XI000 MAJOiV? 

Both npeelmanfi etched In 1¾ nltal. 
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FIGURE 3 
Etched In 1¾ Nltal 

Plate />■! 

Plate #. 

Magnified 1000 Diameters 

W.A.f.;}!) -24G2 
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Plate «1 

Uniform distribution of fine carbide. Tbie con¬ 

dition In found ln high balllstlo plato. 

KIOQO ¡¿*¿063 

Plate if2 

Uniform âletrlbution of fine oarblde. Thin con¬ 

dition in found in high balllstlo plate. 

X1000 MAdOfil 

Spscirneno etohod for 12 minutos in hot solution 

Murakami'" reagent. 
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FIGURE 4 
Etched In Murakami's Reagent 
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Píate 

Magnified 1000 Diameters 
IV.A. G3ÍI-2463 
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