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Eslect ol Directivnss rroperties on

Rolled nuaopenecus Aragr

1. As requested oy The Proving Center, aberdeen (APG 470.5/7436 -
Wt 470.5/6587(r)) and Tenk Automutive Center (TiC 451.<5/2-<4l -
Wtn 470.5/5734(r)), wetsllurgicel exeminution hus been completed on
sumples of eignteen (18) 14" thick "struigant-awey" rolied plates
manufuctured by the Urest Likes Steel Corporation. The plates were heut
treated siwilarly to approximacely tne sume prinell nardness range anl all
plates were Irow heat number 9-13945. Ballisilc tests cre repgried in
Armor Test Report AD-555. Tne plutes were tested as & purt of & program
at The Proving Center to compere the sgock resistunce of crcss roiled armor.
with that of "straight-away" rolled arwor. Tai¥ _articuler phase of the test
covered only tne testing of 'straight-away" rolied armor. When cracking
occurred in the oailistic test, tiese crucks uiweys 1. llowed the direction
ot rolling. This act indicates that tuis type ol armor hus less resistance io
shock in thut direction. :

<. Metullurgicul tests inuicuted that the direction of rolling was
incorrectly designuted oy the wunuiacturer on plautes numvers 5AX, 3B, 1D,
4C, 4y 5, 1, 2B, 3D. i#iith the exception of plutes numbers <G, <b, 3B, and
1D, the pletes were of satistuctory steel quality. ‘pparently these four
plutes which had & "D" fracture were rolied Irca the segregated portion
of the ingot. Ali plates with the exception of piute numver 1 aud &
fivrous fructure, indicuting thut the bul'nce ol tae plates were Satisfactorily
neet trewted. This cnaracteristic was assoclated with & uicrostructure
of essentiulily tempered aurtensite with traces ol intermediate temperature
trenstormation products.

Hardness surveys indiccted the ceuter ol twelve plutes to have
& brineil hardness ol <8l-.89Y, wuich wus scwe <0 peints higher than that
reportea by tne wunulucturer on tue surluce ol toe pletes and which in
some cu3eS wasS Some L<-16 goints nigher then that obtuined neur the surface
at this arsencl. Appurentiy, in severel instunces, the munufucturer did not
remove &ll the cecarburizmtion ou tae gurface o1 tne piates previous to the
hardness determinutions. The reloctive.y higher herdness at the center of
sowe of the plutes was correicted wita wn incrsuse in the yield strengtih as
compured witn uhese vulues deterwiuea uaixwuy butweeu tae center &and suriace
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UeneTaily 3, 0ukliiy lhe Giletilini ,Juperlies as delers.soed by
the Gllferences telaeen ,ercentage viongslion aid reductiona ol ares in toe
longitudinal and trafisver$e Sireciicus @ere aure prunounced in the piates
0 Lhe puorest 3tee. Quaaiity.

B Metasaiurgice. excminustion conslsted o1 the fos.owing tests:
L}

a. rrecowre Tests 1ur Stees quad.ty.

. brinesi murcncss S.lvo,e.

c. Tensils Tests taskea in the Longiiudinui anu iransverse
directions of samples froa Lhe ceuter snd iwilwuy between the center and
_the surface.-

4. Microscopic Lxeminazion
i - :
~. Tne resuits vi iue ubove Le5LS lu delais are preseiled beiuw:

a. Fracture Tests iour oSteel Quality.

Saapies 8" x 3" in size .cut iroa tae longituuinal und trans-
VerSe $8C..ons were nutched trunsversei/ to tue long diaeasion to u depth
of approximateiy 3/4" on poth $idss =ad broken SLowly unaer & forge press.
Tie results of these tesis ure  iven in T.ocle 1. Apparently plutes <C, 2B,
3B aud 1D were roiled {rom segreguted poriions vi the 1ngot since these
piates suvwed evidence vi excessive il.uinztions 1n tne fracture. The
bulsnce ol the plutes were relativeiy Iree iroa these delects. Piate No. 1
showed evidence of crystaslinity in the iracture waile tune bulince of tae
plates were all fibrous, us troken under tne slow rute oi loud upplication
by tne press.

b. oriieli dardness

Tne resuits ol the prinesl baraness u3sts ure given in
Table II. In general, tne brineil hurdies3 vaiues reportea by the
wanul:clurer were 1ower Luaan tavse outuined at tnis arsenal. Plate lo. 1,
walch wad improperiy quencoea s reveudea vy ils partially crystaliine
frocture, nad tne iowest nurauess ul tue veries. Toe valunce of the
plates were fairly unitorm in acrdness, thut is, trox plute to jlate and
al8g wliung tne cruus sectioa ol eecu plate.

c. 1ensile Tests

The resu.is of Lue tensiie teats are snown in Table III. In
generul, tne directionul proyerties of ine "straight uway" roliea aaterial
were reilected b; tue physicul properties obtuined in the longitudinal
and transverse directions. Tnis was particulariy true in tue case ol the

e
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poor gua.ity pluves.

ine rei.tive higner uwidness feported st wie center of Soae
of the plot s a8 cowperec to that cear tue surfece wes cur.e_zted in soae
CLBES *tn .. 1L . vewde IR tuae jle.u Slrength vilues. Ctlherwise, no
PaILiCU. 5F Variiliww sul Jetecteu iu toe pnydlcel properiies mede at the
center and &' nwatwey Letween LuLe ceuter wud surfuce of toe plates,

Fructure Tesus ..y [easile Tesis suow thut tone direction of
roliing #as incuirelily ibuicCaved oy L@ walultcturer on plates numbers 5AX,

jb, lL, LU, &y )’ &y &Q, ).D-

de &jcroscopic Exucination

Figures 1-3 inciusive iliudtrate the average awmount of non-
metaliic inclusious present in Lue piutesd. Severar oands ol aluminum oxide
were .resent in piute XA. Tue ba.tnce vl the p.ates contained fine elongeted
pon-muteliiics w8suciated in wany casSes watn zircomium nitride.

Figures -6 inclusive lilustrute the typicul microstructure
of the swtmples. wilh Lhe exC8pi.iul ul pralé NULLSTE + «ad LD Ll sietes
exhivited a tewpered warteansitic siructure, cousistiiy ol s.rbilte wid some
truces ol reciite. Tae wiviustructure or plate No. 4 consistecd or considerable
ampowils of lerrite and svivite wuile piute No. 1D soowed evideice ol inter-
wediate temperature trausloraction products.

Note: Pnotomicrogrupulc werx aone vy M. Yoilw.

5. Metuilurgicel exewinoetion indicaved thut, in genoral, wue plates
were SuvisJuctoliiy neat trouted wut iu solse cases were rolied froa the
L wnich resusteu in infsrior stee. gquadity.

segregated portious ol the heul
EX (e

E. L. RSED
Researcn Mevuliurgist

APPROVED:

N . l‘\ . “TThE”S
Major, urd. Dept.
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Reported
Plate !zﬂﬂégéigzgz
_No, Tsoe Bagk

3 262 262
A 272 262
ic 262 262
6 262 269
5A 262 ~69
2c 269 269
5 262 262
bA 262 262
W 262 262
b 262 262
SAX 262 262
6c 262 262
1 262 262
B 269 262
I 262 262
2 262 262
™ 262 252
A 262 262

Boineld BaT4negs

¥atertowmn Arsemnal

Reported ¥y

Near ¥ac
269-277
2171=-211
2Ti=211
285~285
269-211
211=-211
262-277
Z7T=2Ti
269=269
a17=-277
269-271
269~-217
255=-262
269-269
262-269
269-269
269-269
269-285

Oross Sw%
AN AL

Ay, Center

213
277
277

217
213
213
259
269
266
269
269
a7

27171-293 285
262-262 262
262-269 266
285-293 | 289
285-285 285
285-265 285
269-285 271
269-217 273
262-269 266
277-285 28}
285-285 285
277-285 281
269-217 273
217-285 281
277-285 281
285-285 285
211-285 41
277-285 281

2717-285
265-211
269-277
&77-25
265-265
277-285
269-217
211211
262-269
269-2717
%5~ 285
269-285
2%55-262
269-285
262-269
211=-21
269-285
269-277

1
213
213
28l
285
285
213
217

266

213
285
21
259
27
266
21
2n
213



TABLE 111

TRNSILE TESTS

Test Bar .357" Diameter

Yield s 11 Average
Flate Location of s::.:gzh s;§f§¢t§ £ th ¢ Section of Brimell B
?‘ !ﬂu&m Direction Lbl[!, in Lbs/sg ir Elong. Area sar yace shber 28t
i Midwall®  Longitudinal 114,0001 134,500l 17.90 L.l
b ) Midwal. Cransverse 112,000 134,600 15.4 50.0 : 1
213 285 .
3 Center  Longitudinal 117,000 136,50 18.3  61.5
3 Center Transverse 117,500 137,300 15.7  45.3
n Midwall Longitwdingl 109,000 130,400 18.6  63.7
¥ Midvall Traneverse 108,000 131,800 15.4 50. 2
211 262 215
Ia Center Longitudinal 105,500 12k,300 19.3 66.7
L Center Transverse 105,500 126,000 17.5 S4e 5
1c Midwall longitudina® 115,000 133,100 18.6  63.7
1c Midwal '
wall Transverse 111,500 112,100 16.1 21.8 217 266 213
1c Cexter Longitudinal 109,000 131,300 18.6  65.0
1¢ Center Pransverse 112,500 133,300 17.1 53-1
6 Nidwall longitudinal 116,500 136,900 1£.3 62,7
6 Midwall Transverse 114,000 136,000 16.1  50.0 285 289 e
6 Center Longitudinal 119,500 136,800 18.6 63.2
® Center Transverse 116.525 135,800 16.u 51.9
5o ¥idwall  Longitudinal 106,500 135,100 19,0 63,1
N ) 14, Lg.u
54 dvall Transverse  11%,000 135,600 S ges 285 285
5 Ceater Longitudinal 115,000 138,500 18,6 61.8
A Centar Traneverse 109,000 137,300 1k.3 43.1
P Midwall Longitudinal 113,500 134,800 19.0  64.9
2¢ Nidwall Traneverse 112,000 134,100 15.7 k8.6 217 285 o
zc Center Longitudinal 117,000 131,000 ,18.3  60.8
<C Certer Transverse 115,300 134,500 1h.3 L7.6
5 Midwall  Longitudinal 96,800 131,300 19.7  6%.2
5 Hidwall Transverse 101,000 130,600 17.5 5.2 o 211 213
b Center Longitudinal 85,000 132,300 19.0 63.2
5 Center Transverse 116,000 133,800 14.7 hk. 9
64 Midwall  Longitudinal 101,600 134,600 17.9  6U.7
64 MNidwall Transverse 15-1 i 2117 273 ¥
A Center Longitudinal 116,000 135,300 18.6  63.4
ta Center Transverse 112,000 132,50 15.0 7.6
W Kidvall  Lomgitudinal 109,000 132,800 18.3  63.k
&g Hidwall Transverse 105,500 130,300 17.9 52.1 269 266 266
& Center lougitudinal 105,000 125,800 19.3 66.2
[ Center Transvarse 106,200 125,500 17.1 931
- Midwall Longitudinal 110,000 132,500 18.6  6h.2
B Nidwall Transverse 102,000 133,100 16.8 49,0 217 281 213
“ Center Longitudinal 116,000 135,300 18.6  63.7
k Center Transveree 116,500 135,500 15.7 4g.8
SAL Midwell  Longitudinal 105,300 133,900 17.5 634
SAX Midvall Transverse 103,800 131,900 17.5  5l.¥% 571 285 e



ba Midwall Transverse Uirf o Sledd 277 213 2T
6a Center Longitudinal 116,000 135,300 18.6  63.%
ta Center Transverse 112,000 132,500 15.0 k7.6
W Midwall Loagitudinal 109,000 132,800 18.3  63.4
L Midwall Transverse 105,500 130,300 17.9 52.1 o 266 266
L Center Longitudinal 105,000 125,800 19.3 66.2
e Center Transverse 106,900 125,500 17.1 53.1
4 Midwall Longitudinal 110,000 132,500 18.6  6h.2
4 Midwall Transverse 102,000 133,100 16.8  U49.0 gy 281 213
. Conter Lorgitudinal 116,000  135,3°C 18.6  63.7
* Center Transverse 116,500 135,500 15.7  48.8
5 Midwall Longitudiral 105,306 133,900 17.5  63.b
5AX KiGwall fransverse 109,800 131,900 17.5 51U = 285 285
5AX Center Longitudinal 112,500 136,500 17.1 61,4
5AX Canter Traneverse 110,500 136,300 k.7 47.7
&c ¥idwall Longitudinal 112,000 131,700 2.4  63.9
6c Midvall Transverses 112,000 132,700 15.7  49.8 273 281 211
6c Center Longitudinal 116,500 135,500 18.3  62.5
6¢ Center Transverse 118,000 135,300 14.7 W64
1 Kidwell Longitudinal  95,50C 124,100 17.9  59.2
1 Midwa’l Transverse 99,50C¢ 125,300 16.4 9. M 259 2713 -
1 Center Longitudinal 101,800 129,000 17.5  57.1
) Center Transverse 105,800 132,000 14.3  L6.1
2 Hidwall Longitudinal 105,700 131,100 19.3  65.8
Fo. Hidwall Trensverse 108,900 130,900 15.7  U46.7 269 o 217
2 Center Longitudinal 111,300 131,300 18.3  61.2
2 Canter Transverse 114,300 133,300 15.0 43,0
3D Nidwall Longitudinal 107,500 132,900 19.0  63.5
30 Nidwall Transverss 99,000 130,800 18.6  50.4 o6 i 266
3D Center Longitudinal 114,000 136,300 18,6  62.2
3 Center Traneverse 111,500 135,800 15.0  UJ.h
. Midwall Longitudinal 112,300 134,500 19.3  63.7
2 Nidwall Trensverse 112,000 133,300 16.Y4 51.2 269 285 amn
2 Center Longitudinal 115,50 136,300 214 62.7
2 Center Transverse 113,300 135,500 16.b4 k6.8
3B Midwall Longitudinal 106,500 113,100 18.5 64.5
3 Nidwall Iralﬂ:?rco 104,000 132,600 16.8  49.8 by 281 2717
3 Center Longitudinal 112,060 132,300 19,3  6h.b
33 Center fransveree 111,000 132,300 15.3 Lg. 4
1D Midwvall  Longitudinal 105,50 133,600 19.0  6k.1
1D Kidwall Transverse 111,000  133.000 17.5  50.6 e — 213
1D Center Longitudinal 115,300 136,500 8.6  61.7
1D Center Transverss 115,500 135,300 15.0  U7.8
*3078:

Midwe'l ipdicates a position halfway batween the center and surface of She FLaNe
11mn:nco of the two tests.
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Typical Microst ructure of "Stralght away Rolled”
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