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hemorandum Heport .nl J10/K65

¥inal Keport on Prodlam 34,16

8 Deceubdsr 1943

Keualurgionl sxasination of Six 13 Ianen

\ Roiled nomosensous armor Flates Manufactured by

\ Carnegie~Illinois Stesl Corporation

AT U70.5/7468r) 'that me¥allurgical exomination be conducted on six

(6) 1% inch rolled homogeneous armor test plates manufactured by the
Carnegie-Illinois Steel Corporation. The six plates were tested at
Aberdeen ns a pert of the large program on the effect of hardness on
bullistic properties. The plates, therefore, were from the same heat
of stecl ann were similarly heat trented oxcept for the final draw tem-
peratures wiich were verloed to ;;ive the hardnesses desired, EEalliltic
reaults on the plrtes are to be reported in Armor Test Rep n

AD-580 of The Proving Center. The six plates were assigned the rumbers
1l to b by Aberdeen.

1. The Froving JCenter, Aberdesn requested,(4PG 470.5/2190,

2. ‘Ine results of the metallurgiocal exanisation indicate that
the six plates are of satisfactory quality. The ballistic results,
therefore, should be consldered representative of acceptable quallity
armor; and since the plates were falrly uniform except for hardness,
tne veriation in ballistic performance obsorved amonyz the several plates
may be attributed to the differences in hardness,

3. Metallurgical examination consisted of the following tests:

a, Fibre fracture test. Specimens also examined for steel quality.

b, lacroetch tests.

¢. Physical tasts,

d. 3Brinell hardness determinations.
: e. Jominy hardenability and chemistry on plate 1.
E f. Microscopic examination.
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4., The aetaile? results of the retcllurgical examinations are as
follows:

: iests. Sanples approxiantely 3%x6" in slze were
cut irom esch siw.ple furnished. The semplee were notched trangversely ’ S
to tus long cimension to u depth of 1/2" on anch eide and droken under -
tLe impact of a forge ncammer. The resultin;; fractures were then examined

for thLe presarce of crystallinity snd for stesel quality. These results

8, Tractw e

follow: S
Sample frocirs frnctare :'. |
50, __ulrection  conaition ___Steel Quality )
1 Longltedined ¥ivreus Sutisfuctory B Fracture .
Jatisfactory B Fracture S
2 Lonitsainal Rltrous Short laminations concentrated in middle - -
third of section. .o A!
Se.tisfaotory © Fracture ;
3 Lonzitudinal Fibrous Short laminstions concentrataed in one :
plrne 1/2" from one face of plate. -
Satisfactory C Practure "o 1
4 Loasi b iiinal Tibro is Short laminatinons concentrated in middle . .
third of section. '
Lon ttudinal Jitrous Satisfactory B Fracture o
NSRRI
Longitudinal Fidbrous Satisfactory B Fracture — ]

All of the plates were satisfnctorilv heat treated as indicated by the
cuctile fivrous fractures. ‘‘he stesl quallty was excellemt in four (U) - .
of the plates and somewhat inferior in the case of plates 3 and 4. The T
fractures of plates 3 and U4 were barely inferior to a ¥B" fracture rating, e
From tne fracture appearances it was difficult to tell whether the fracture
was long-itudinel or trirsverse, and it, therefore, is concluded that the o et
armor was woll cross rolled and would show little directional characteristics. S

b. lacrooten tosts. The results of the macroetch tests are
shown in Figure 1. All plates, except number 5, show a definite ingot
pattern efrfect which in soie cases has been associated with back spalling
tendenclies in heavier gnuge plate produced by this manufacturer. The
darker etchings bends, symmstrical about the canter of the plate, apparently
corregpond to the zone of the junction between the columnar and equiaxed
dendrites in tiue original ingot und, therefore, undoudbtedly reflect
metallic segregation together with a zone of reduced density. The streaks
shown by the macroetch do not correspond to zones of ingreased concentra-
tions 0of non-metallic inclusions. The macroetched sections represented S SN
are in the tronsverse alrection, S
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8. Physical tests. Standard tensile test specimens (.357*
diameter) were cut in the transverse direction froam each plate at a
location corresponding to the midpoint between surface and center of
the plate. The results on each plate follow:

Plate Pounds Per Square Ingh $Rn, ®

_No, Zensile strength Yield Foint, .1» Offset 4in 1.4" R.4,
1 135,500 109, 400 18.6  54.8
2 153,500 135,600 15.7 50.2
3 135,500 110,000 18.6 55.9
4 162,000 141, 300 15.0 u7.8
5 146,000 125,000 17.1  52.9
6 134,000 98,000 18.6 55.2

Fractures of all bars showed satisfactory cup and cone characteristics.
The reduction of area values are considered excellent for the transverse
dirsction and in consideration of the strength levels of plates 2 and Y.

d. Brinell hardness tests. Brinell hardness determinations,
using the tungsten carbide dall, were made on the surface and across the
thickness of each plate. Surface readings were nade after grinding to
a depth of approximately 3/32". Surface values are the cverage of four
readings whereas six determinations, equidistantly spaced, were made
across the section. The results ere given below,

Plate Surface Brinells Crogs Sectional Brinells

Yo, Range Average _Range  Aversage
1 269-269 X9 269-285 2n
2 J02-311 309 302-32 13
3 262-209 27 262-293 2n
4 ja-32a A 3a-3n 326
5 302-302 2 293-311 04
6 217-211 21 269-285 218

Hardnesses were uniform across the section confirminz the satisfactoriness
of the heat treatment. The Brinell hardnesses obtained correlate well
with the tensile test data reported above.

8. Chemistry and Jouiny hardenability. The chemical analysis
and hardenability of plate number 1 were determined.

SempleNo. _C_  Mn St § _P N COr Mo _3

1 .28 1,23 .24 022 .011 .72 .79 .22 .000%
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Thie is the faniliar analysis characteristic of that used by Carnegie-
Illinois Steel Corporation during the past year. The boron content
analysed is that vsually found resulting from additions amounting to
mroximntcly .002?’0

The Jominy hardenadility curve is shown as Figure 2. The
steel retains a Roeckwell C U3 hardness at approximately 13/16 inches from
the quenciied and which corresponds to a plate thickness of 2" which will
quench out to & Brinell hardness of 400 in a still water quench. The
hardenability, therefors, is adequate for the 1% ineh plate thickness
involved in this series.

f. Microgeopioc ‘xamination. Miorospecimens across the section
vere examined for decarbduriszation, grain sige, types and concentration
of nonmetallic inclusions, and heat treated structure. The decarburigation
on all plates was slight, amounting $o .006~.008 inches, The grain sise
of all plates was a uniform A.S.T.M. 6-7. The detailed results of the
microscopic examinations follow:

(1) Plate 1. Clean steel with soattered short
sulphide and silicate inclusions and occasional minor streake
of alumina inclusions. Microstructure was a uniform tempered
martensitic structure with traces of hifh temperature trane-
formation products including ferrite. (See Pigure 3.)

(2) Plate 2. Clean steel with scattered short sulphide
and silicate inclusions. Miorostrusture tempered martensite
with traces of high temperature products including ferrite.

(3) Plate 3. Moderately clean steel with well distriduted
silicate, sulphide and alumina inolusions. Microssructure tempered
martensite with traces of high temperature product.

(4) Plate 4. Moderately clesn steel with scattered
silicates and sulphides and some streaks of alumina inclusions.
Microstructure tempered martensite with traces of high tempera-
ture product. (See Figure 3.)

(5) Plate 5. Clean stecl with short, well distriduted
silicate and phide inclusions, Tempered martensitic structure
wvith traces of high temperature transformation products,

(6) Plate 6. Clean steel with scattered sulphide
inclusions, Structure tempered martensite with traces of high
temperature transformation produoct,

The microscopic examination confirmed the fidrous fractures and the
satisfactory heat treated condition of these plates, The higher con-
centrations of nommetallic inolusions in plates 3 and 4 correspond with
the relatively poor fractures of thess two plates.
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5. The metallurgiocal tests conducted indicate the six plates involved
to be satisfactorily heat treated and of adequate steel quality. Ballistiec
results, therefore, mey bde considered repruentanvo of satisfactory armor

//J
N. A, l‘-‘ATTHIWS
Major, Ord. Dept,
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; Oarnegie-Illincis 14" Homogeneous Armor
) ' Typical Microstructures
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X1000 Plate 1 Pieral EBtch

Tempered martonsite with trueces of high
temperature transformation produete includ-
ing ferrite.
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X1000 Plate U Picral itoh
. Yempered martensite with traces of high !

tenperature transformation preducts includ-

- ing ferrite.
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