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i

dj Watertown Arsenal

LYt g april 25, 194

Metallurzical Data on Certain Cast Armer

Test Flates Tested at aAherdeen Proving Ground as a

Part of the Cast Armor Low Allor Development Prcgram

IJTRODJUSTION

This report incerperates tane metallursical data obtained dy post-
mortem examination of sections cut from tweniy-eieght (28) cast ar-or
test plates submitted for ballistic tests e£3 a pert of the program to
develop cast armor compositions low in strategic elements.

Samples of ballistic test plates which performed satisfactorily were
forwarded from Aberdeen Preving Ground. From the samples furrished, repre-
sentative sections chosen on the basis of the company wrich produced the
plate and the composition type were selected for investigatien.

METALLURGICAL 2ATA INCLUDZD

1, Microstructure

One page of photomicrographs is devoted to each plate involving
three or four prints which show the dendritic segregation, the general
microstructure, and the cleanliness of the stecl.

2. Macrostructure

The macrostructures of each steel are shown, and tne photogrephs
of macrosections from several plates are illustrated on one page grouped
according to manufacturer.

3. The complete metallurgical and ballistic test history of each
plate is shown on a data sheet facing the microstructure pages. Also
shown on these sheets are the uniformity of Brinell hardness acress the
section, the Jominy end-quench hardenability ratings and critical cooling
rates as well as the equivalent plate thicknesses which will harden
completely through based upen a quench into & still water dbath., The two-
bead weld hardenability characteristics are included for each steel with
a comparison between the hardnesses determined in the heat-affected zone

by the Y s Brinell and the Re 1 C instruments,
’ U‘ﬁe{l Fro el Reckygl
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4, Two-Bead Weld Hardenebility Chart - Rockwell C versus Vickers Brinel

This chart appears at the end cf the report and censists of a
plnt showing the relation between the Vickers hardnesses and Rockwell C
hardnesses actually ebtained and the conversions to be expected.

5. Jominy Hardenability Curves

Joriny hardenability curves are plotted for each steel investigated
and grouped by manufacturer,

TEST PROCEDURES

1, Jominy Hardonability Test

Jonminy hardenability tests were made cn the twenty-eight (28)
plates examined in tais report. The method of testing used 1s that developed
by General Motors Co. and recomuended dy the ».S5.T.M. Standard specimens
(1" diameter x 3" leng) were used placed in a quenching fixture 3" from
a %" nozzle. The free water head frem nczzle was 23" using a water coclant
with & temperature of 70° to 75°F,

The heat treatment of specimens was that used by the company cn
the subject plate excepting that the maximum time was four hecurs including
both the rise and soak. Specimens were packed in Mleutra Pack" te prevent
decarburization on quenched end while heating.

Rockwell C hardness surveys were made on the quenched specimens
on two lengitudinal faces swrface ground .0l5" belaw the surface of the
round,

2. Critical Ceoling Rate

The critical coeoling rate was based upon information developed
by Boegehold of General Maters for Jominy specimens of the type used, The
Jominy hardness penetration value was taken as the average distance between
full and minimum hardening or the distance which should correspond te a 50%
martensitic or half-hardened preoduct. Alr hardening ability was considered
to have been obtained when the Jominy bar throughout its length hardened
to a value in excess nf the 50% martensitic hardness for the partioular
carbon oecntent of the steel.

3., Equivalent Plate Thickness

The equivalent plate thicknesses were determined arbitrerily
from the Jominy hardenability date and conversion factors developed by
other investigatars, namely, Grossman and Dattelle Memorial Institute
personnel, The Gressman quenching facter was based upon a mederate or
still-water quench,

L] 2-.



4, Two-Bead Weld Hardenability Tests

Procedure on Two-Bead Weld Hardenability Test

Two-bead weld hardeneodility tests were conducted on all of tze
plates according to the method prcpesed for inelusion in arnmor plate
specifications, Hardness readings were taken in each case on tne 2one c¢f
maxium hardness. Vickers 10 Kg impressions were made cn the face cof the
section away from the beginning of the weld (where the specifications
ask fcr Rockwell impressions) while Rockwell C readirzs were taken on the
face adjacent to the beginning of tane weld on the same section but in
every case at least }/u" from the beginning of the weld becd.

5. Grain Size Determinations

The grain size of each steel was deterained by two nmethods, The
actunl grain size observed on the microscope was taken as ons value, and
the zrain size revealed by tze Shepherd fracture test after & heat treat-
nent sirmilar to that given the test plates fer nardering wos used as the
other method.

COMMENTS AND CONCLUSICIS

1, Hardenability

Ti.e ability of a certain conposition to harden cocpletely tihrough
uron gueicning in a given thickness is not a requisite Tor satisfactory
ballistic perforuance, In general, however, higher ballistic efriciencies
are obtained wanen thorough hardening results., ror instance, the Mn-Me
conpesitions, comparatively low in nonganese, (Ma - 1,30%, Mc .30-,U40%)
possesses satisfactory hardenability for a 13" tuick section but insufficient
hardenability for a 2" section, as evidenced by the considerable anount of
ferrite rejected uvon quenching the 2" tihickness plate, This is shown by
the Symirgton-Gould and Pratt and Letciworth plates,

The aigh—copper-bearing stecls subnitted by Pacific Car and Foundry
Co., although possessing extre:ely low Laraenability as evidenced by the
forrite and oarvide nicrostructure, exhibit fairly satisfactory dballistic
properties, It is felt that additional alloy to promote depth hardening
is required in this type of material cver and above the amcunts cf chromium
and molybdenun used in certaln heats, The Jominy hardenability was not
materially increased by these additions, and the microstructures indicated
but a slight effect of these nlloys,

Tne following tabulation based upon Jeminy hardenability and the
nicrostructures, indicates the thicknesses of plote in which the various
compositions provide ndequate hardenability for thorowrh hardening:



Plate Thicknesses of at Least 2"

Thickness
Plate dea. in
Manufacturer _XNo. __No, Inches Type
Ford Moter Co, 45 - 2.19 Mo-Cu
Ford Motor Co, 167F - 2.23 Mo-Cu
General Steel Castings Co,  6U5 552M 2-1/4 Mn-Mo
General Steel Castings Co. 657 5531MMC 2.33 Mn-Cr-}o
Lebanon Steel Foundry A3 HEZ935 1.0 Ni-Cr-Mo-Cu
Scullin Stecl Co, X6 3-L21 2,08 Mn-Yo
Sivyer Steel Castings Co, X7 X7 2.05 Mn-}¥e
" " . u X7X X7 2.00 Mn-Mo
" " u " 90 5577 2.14 Ni-Cr-Mec-Cu
# " g ] 90X 5517 2.11 Ni-Cr-Mo-Cu
" . " N 99 5596 2.22 Mn-Ni-Cr-Mo
" L " " 99X 5596 2.23 Mn-Ni-Cr-Mc

Plate Thicknesses of at Least 1i"

Actual
Plate Heat Thickness

Ma::u'facturer _ _ln, No. in Inches Type
Continental Roll & iteel  4009-3 4009 2.18 Mn-Mo
Ford Motor Co. 1677 . 2.23 Mo~Cu
Ford Motor Co, 955 - 1.65 Cr-Mo
Pratt & Letchworta Co. 1 413 1,88 Mn-Mo
Pratt & Letcaworth Co. 2 413 1.ke Mn-Mo
Scullin Steel Co. X2 50924 2,13 Mn-Mo
Symington-Gould Corp. 2 U552 1.4 Mn-Mo
Symiueston-Goulc Corp. 5-2 W52 1.99 Mn-Mo
Wehr Stesl Co. Al-338 - 1,64 Ni-Cr-Mo

The balance of the steels investigated had insufficient harden-
ability to thorough harden in 13" sections but sufficient for 1" sections,

el




2. Microstructure

In general, the size, shape, and distridbutlon of the nonmetallic
inclusions as well as the carbides have no relation to the ballistic per-
fornance in cast arzor plate of the hardness range investigated, narely,
197-294 Brinell,

There was a close correlation between nicrostructure and Jominy
hardenability, particularly as regards the deep hardening steels. The
microstructures of tue deep hardening steels consist of a quite uniform,
spheroidised sorbite with no free ferrite present throughout the cross-
section, The steels of lower hardenability contain consideradble anounts
of ferrite througiiout the section.

In gereral, when ferrite rejection occurred on quenching, the
amount rejected was, contrary to expectation, quite uniform throughout
the cross-section. This is shown particulerly well in the Symington-Gould
and Pratt & Letchworth plates, where both plates subnittel by each company
were made from the same heat and had different amounts of ferrite rejected
for each thiclmess of plate.

The Arnold Engineering Co. plate was evidently not tempered after
the quench as the microstructure contained a considerable anmount of low
carbon martensite which would have been decomposel by tempering.

There was a fairly good correlation between the Shepherd fracture
srain size and the A.S,T.M., microstructural grain size in nll cases except
one Ford plate and the Arnold Engineering Conpany plate. This may have
been cGue to the grain refinement treataent of the heat treated fracture
specimens,

3. Two-Bead Weldability Test

The two plates manufactured by the Scullin Steel Co, both failed
the sinzle bead weldability test in that they exceeded the maximum hardness
value of 50 Rockwell C, In the Mn-Mo type of steel, the carbon content
apparently should not exceed O.}O% if the manganese content is in excess
of 1.00%. Confirumation of this is apparent in the followinz table:

Siacly Bead ~ Double Bead

Plate No, C Mo Mo VPN Rc w Re
Scullin X2 36 1.4 .70 572 51.5 Je2  3M
Soullin X6 .33 1.51 .39 58 53.5 313 36.5
General 645 .27 1,48 .51 508 8.5 327 42,5
Continental L4009-3 .32 .90 .55 S42 U9.5 390 37.5
Pratt & Letchworti 1  ,28 1,30 .29  u64 U35 4 28,5
Pratt & Letchwortn 2 28 1,30 .29 us5 42 312 29
Sivyer X7X .27 1.24 43 503 47,5 90 36
Sivyer 99 31 1,06 .49 508 W7 9 32
Sivyer 99X 31 1,06 .49 519 Ug.5 339 345
Synington-Gould 2 Q4 1,24 W0 51k W5 351 34,5
Symington-Gould 5-2 L 1,24 o 508 ug.5 354 37



Both Rockwell C and Vickers Pyramid harcness surveys were conductel
on the single and double bead weldability tests as a comparison., In fifty- ?
four surveys, the Rockwall C was found to check well with the Vickers

Pyramid hardness, and in thirty cases to be frcm 0,5 to 7.5 Rockwell C

points lower than the corresponding Vickers hardness, Thus in 55.5% of

the cases investigated, the Rockwell C hardness was lower than the corres
sponding Vickers hardness, The conversion from Rockwell C to Vickers

Pyramid rardness was based upon average values obtained from the literature.

The table at the end of the report shows the results of the com-
parison of the Rockwell and Vickers hardness surveys, Dividing the total
ranga of hardness covered into three groups give the followingz results:

Rockwell C Range Rockwell C Range Rockwell C Range
16-30 30-40 Lo-53.5
No, @04 - ¥o, Poor Yo, Good No, Poor No, Good No. Poor
Correlation Correlation Correlation Correlation Correlation Correlation
0 1 7 18 17 5
100% poor correlation. 72% poor correlation, 22.7% poor correlation,

¥hen the base metal is on the soft sids, the Rockwell survey of
tne weldability test spaecimen will have a greater tendency to be inaccurate
than when the base metal of the plate is hard, This is caused by the fact
that the Rockwell C impression is very much wider than the hardened gzone '
and will overlap onto the softer metal and givs & lower reading, The
Rockwell is .ot nearly as reliable for hardness surveys of weldability
test specimens as is the Vickers machine.

O fondeed,
A, Hurlichl. .
V34 /L;,/Z/w
P, V. Riff%n:‘

ni, Bn@u‘?

M, Boloteky,
Jr. Metallurgists,
Supervised by:

;/J DAl

N. A, Matthews,

C@t.. Ol'ﬁ. Dept.,

Secr .tary, Subcommittee for
Cast Armor,
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Key to Plates Investigated

Data
Sheet Plate Heat

No, Manufacturer No. No. Type

1 American Steel Foundries HV-2 HV-2 }Mn-V

2 Arnold BEngineering Co. A80 M128 Cr-Mo

3 Continental Roll&Steel Co. 4009-3 4009 Mn-Mo

4 Ford Motor Co. A5 — Mo-Cu

5 Ford Motor Co. 1677 - Mo-Cu

6 Ford Motor Co. 955 - Cr-Mo

7 General Steel Castings Corp. 6l5 552M Mn-Mo

8 General Steel Castings Corp. 657 55 31MKC Mn-Cr-Mo

9 Lebanon Steel Foundry A3 HEZ935 Ni-Cr-Mo-Cu
10 Pacific Car & Foundry Co. 2 428105 Si-Mo-Cu
11 Pacific Car & Foundry Co. 9 428126 Mn-Si-Cu
12 Pacific Car & Foundry Co. 10 u2p127 Mn-Si-Cu
13 Pacific Car & Foundry Co. 11 428128 Mn-Si-Cr=On
% Pacific Car & Foundry Ce. 12 42B129 Mn-Si-Cu
15 Pratt & Letchworth Ce, Inc, p ns3 Mn-Mo

16 Pratt & Letchworth Co., Inc. 2 Ly Mn-Mo

17 Scullin Steel Co, X2 50924 Mn-Mo

18 Scullin Steel Co. X6 3-k21 Mn-Mo

19 Sivyer Steel Castings GOo, X7 X7 Mn-Mo
20 Sivyer Steel Castings Co. XX X7 Mn-Mo

2l Sivyer Steel Castings Co. 90 55717 Ni-Cr-Mo-Cu
22 Sivyer Steel Castings Co. 90X 5571 Ni-Cr-Mo-Cu
23 Sivyer Steel Castings Co. 99 5596 Mn-Ni-Cr-Mo
24 Sivyer Steel Castings Co. 99x 5596 Mn-N1-Cr-Mo
25 Symington-Gould Corp. 2 U552 Mn-¥o

26 Symington-Geuld Corp. 5-2 U552 Mn-Mo

27 Vehr Steel Co. Al-338 - Ni-Cr-Mo
28 Yehr Steel Co. e-332 - Ni-Cr-Mo
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DaTa SHEET

American Steel Foundries

Jeat -~ HV-2  Plate — HV-2 Thickness - 1-5/8"  acid Zlectric

Chemistry
C Mn Si S P Ni Cr o Cu _V Deoxidiser
.29 1.52 W1 ,035 .03 == <= = = 09 2¢ HC Fe Ti
3% Ca Si
teat Treatment Physical Properties

Temp., Ers., Rise Hrs, Soak Coolant - - 10%,750

7
Y.P. - 85,500
7

1825 = 8 alr Tlongz, - 21.5
% R.a, - 52.8

1525 - 2 Water lzod = ’41&-1&5

1175 - L aiT Brinell - 226

Ballistic Properties

B.L. - 37M¥ MS51AP - 14S0(+142) PTP - 24x2}  Shock: 75M: T124P,
PP (on companion
late HV1).

Passed,
Brinell Fardness ~ Cross—Section
Cutside-~ 210 Midwall- 223 Center- 217
Jominy Hardenability
Hardness ) Critical Cooling Rate - 35°F/Sec  IEquivalent)
Penetration) 7/16" Plate ) 13
Thickness )

Iwo 3ead Weldability

Single Bead VPN - U8B, Rc - 45,5 Double Be~d VPN - 333, Re - 33

Microstructure and Remarks

Spheroidized sorbite with approximately 15% ferrite rejected upon the
quench, indicating somewhat lcw hardenability for this section size. Very
little dendritic segregation is revealed with a nital etch nt a magnification
of X25. The steel is fairly clean, a.S.T.M, Grain Siza No, 7-8.

- 1—
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American Steel Foundries
Plate No, HV2

X2 MA-L202
Oberhoffer Etch

e MA-4183 Picral Ete
Murekami etch,

] tion of
carbides,

4B.émdbm &istri‘ou

W.A.630-4034
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DaTA SHEET

arnold Ingineering Co,

Heat - M128 Plate - A80 Thickness - 1,08"

Cheristry
C  Mn _Si _S P N Cr Mo Cu ¥
.17 .56 .24 L01C .01k — 1,26 .83 -- —
Heat Treatment Physical Properties
Texp, Krs, Rise Hrs, Soak Ceolant 7.8S. - 1lg,77%
60ik - 91,210
1850 1 2 alr 2 Zlong. - 9.0
N Y, E.Ao - 16c3
1525 1 1 dater lzed - 16
Tempered to 300-340 Brinell. Brinell - 321-3%

Ballistic Provertises

3.L. - Cal..50 M2 4P - 2360 f/s 3TuM MBl AP - CP - 1-5/8"x1-5/8",
37 i3 ¥51 &2 (25°) CP - CIP - 35 1-1/bx2",

Fassed,
3rinell Hardness - Crces-Section
Outside~ 289 didwall- 259 Center- 285
Joniny Herdenecility
Kardness ) Critical Ccoling Rate - 35°F/Sec  Equivrlent)
Penetration) 7/16" Plate ) 1
Thickness )

Two 3ead Weldadbility

Single Bead VEN - 437, Rc - 42,5 Double 2ead VEN 260, Re - 36

Mierostructure and Remark.s

Microstructure consists of patches of low carbon martensite and large
ferrite grains containing islands of martensite aligned in cleavoge planes,
Ddue to the low cardbon cortent it is irpossidle to quench this steel to a
uniforn martensitic structure., The steel hes apperently rnot been tempered
since it was impossible to obtain the desired hardness on the queanch.

Very little dendritic segregation is present., A.S.T.M. Grain Size No. 3.




Arnold BEngineering Company
Plate No. A80

X2 Oberhoffer Etch MA-4171
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X25 Nital Etch MA-4165 X1000 Nital and Picral Etch
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DATA SHEET

Continental Roll and Steel Co.

Heat - 400§ Plate - 4009-3  Thickness - 2,18" Acid 0.H,
Chenistry
C Mo S _S _P Ni Or Mo Cu V.
-32 090 029 0035 .Oua o —_—— 055 (e -
Heot Treatment Physical Froperties
Temp. Hrs, Rise Hrs, Soak Coolant 7.S. - 120,600
YoP. - 101,850
1650 - g Alr % Zlorg. -- 19.5
%® R.a, =~ 52.7
1550 - 8 Water Iz0d - 43

Brinell - 229-248
1150 - 10 Furnace

Ballistic Properties

B.L. - 37M¥ M51 AP - 1953(+127) PTP - 2-1/Umx2-1/2"  Shock: 75M4 T12 AP,
PP - SB, BS -
nona,
75M4 MX1 Slug,
CP, plate dbroke
i{n 6 pleces,

3rinell Hardness - Cross-Section

Outside~ 232 Midwall- 226 Center- 232

Jominy Hardenability

Hardness ) Critical Cooling Rate - 21°F/Sec  Equivalent)
Penetration) 10/16" Plate ) an
Thiclness )

Two Bead Weldability

Single Bead VPN — 542, Re - 49,5 Double Bead VPN - 390, Rc - 37.5

Microstructure and Remarks

Spheroidized sorbite with some ferrite rejected upon the quench, in-
dicating somewhat low hardenability for this section size., a diffused
dendritic segregation is revealed with a nital etch at a magnification
of X25, 4,S.T.M., Grain Sisze No., L-5,

==



Continental Roll and Steel Co.

Plate No. ‘%0093
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DATA SHEET

Ford Motor Co.

Heat - Plate - A5 Thickness - 2.19" Basic Flectric

Chemistry
C Mo 54 _S _P Ni Or Mo Ou ¥
028 079 018 .016 .020 (= - -52 072 htad
Heat Treatment Physicsl Properties
Temp. Hrs, Rise Hrs, Sosk C-olant TS, - 123,500
Y.P. - 108,500
_ %$R.A.  =-52.5
1650 - 5 Caustic 1zod4 - 46.5
Brinell - 241
1750 - 5 Caustic
1150 - g Alr

Ballistic Properties

B.L. - 3MM M51 AP - 20L7(+214) PTP - 2x2-3/4Y  Shock: 75 MM MKl proof slug.
PP - S3, 4" bow,
Paesed,

Briuell Hurdneas - Cross-Section

Outside- 259 Midwall- 259 Center- 255

Jomiry Hardenabiiity

Hardness ) Criticol Cooling Rate - 9°F/Sec Zquivelent)
Penetration) 17/16" Plate Yo-3/un
Thickness )

Two Besd Weldability

Singlo Bead VPN - 493, Rc - W47.5 Double Bead VPV - 300, Rec - 35

Microstructure snd EKemarks

Fine, uniformly epheroidized sorbite with a small amount of ferrite
rejected on quenching, indicating satisfactory hardenability for this
plate thickness, This steel has a consid:rable degree of dendritic segre-
gation with inclusions segregated in the interdendritic fillings,
A.S,T.M, Grain Size No., 2-3.
" 3
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DATA SHEST
<P
>
Ford Motor Co.
Heat - Plate - 167F Thickness - 2.23"  Acid Electric
Chemistry
C Mn St 5 PN Cr Mo Cu V
B0 65 L2k - - 2 = A1 . =
Hdeat Treatment Physical Froperties
Teup. Hrs. Rise Hrs, Soak C(Coolant 755 - 115,000
YeoB - 109,000
1950 - 10 Alr % Elong, -
%R.A. -
1750 - 5 Caustic Izod - 23.0
Brinell - 2ug-262

1150 - 8 Alr

Ballistic Properties

B,L. - 37MM M51 AP - 1879(+18) PTP - 2-3/L"x2-3/U"  Shock: 7504 T12 AP,
CP. SC on L3,
Passed.
75M MK1 Slug.
PP. SC on LB.
7" crack on face.

Brinell Hardness - Cross-Section

Outside- 28 Midwall- 255 Center- 255

Jominy Hardenability

Hardness ) Critical Cooling Rate - 26°F/Sec  Equivalent)
Penetration) 9/16" Plate ) 1-3/un
Thickness )

Two 3ead Weldability

Single Bead VPN - U6lU, Rc - L4.5 Touble Bead VPN =~ 292, Re - 30.5

Microstructure and Remarks

Partially spheroidized acicular scrbite with a slicht amount of
ferrite rejected on the quencn, indicating fair harderabllity for this
gection size. The steel is relatively clean, A slight Cendritic segre-
gation is revealed with a nital etch at a magnification of X25, A.S.T.M,
Grain Size No, 6-7. .E

e




Ford Motor Co,
Plate No, 167F

: AR ”/
‘ ! 'y 5 ot {
X25 : = - m.-hao'{ %1000 Nital and Picral Etch MA—4209

Unetchad Distribution of nonmetallic

inclusions, Relatively clean steel, WA 6304032



DATA SHZET

Ford Metor Co.

Heat - Plate - 955 Thickness - 1,65" Acid Electric
Chemistry
£ Mo 5L S P M Cr Mo Cu ¥
280 53l 180 = = kR = =
Hent Treatment Physical Properties
Temp., Hrs, Rises Hrs, Soak Coolant T.S. - 11k,500
Y.P, - 97,000
1950 - 10 Alr % Elong. - 13.0
% R.A. =~ 27.0
1650 - 5 Caustic Izod - 22.0
Brinell - 241
1750 - 5 Caustic
1150 - 8 Alr

Ballistic Properties

B.L, - 3N0L M51 AP - 1516(+87) ©PTP - 2x2-1/4"  Shock: 75MM T12 AP,
CP - SC en MB,
Passed. 75!M MKl
slug, PP - SB,
Bow 1-1/16",

Brinell Hardness - Cross-Secticn

Mutside- 255 Midwall- 252 Center- 2ul

Jominy Hardenability

Hardness ) Critical Cooling Rate - 35°F/Sec Iquivalent)
Penetration) 7/16" Plate ) 1
Thickness )

Two Bead Weldability

Single Bead VPN - 483, Roc - U2 Double Bead VPN - 336, Rc -~ 31,5

Microstructure and Remarks

Jine spheroidigzed sorbite with somewhat more ferrite rejected than
in the case of Ford Plate No. A5. This steel possesses satisfactéry
hardenability for plate of this thickness, dut not to the degree shown PN
by Plate No. A5. Considerable dendritic segregation is revealed with a ¥ 4
nitel etch at a megnification of X25. A,S.T.N. Grain Size No, 6,

-6~

&



Ford Motor Co.,
Plate No., 955

X2 Oberhoffer Etch MA-U267

155 Pt

X25 Nital Etch MA-N263 X100 Nital and Picral Etch MA-hess

WeA C20=400C
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DATA SHEET

General Steel Castings Corp.

Heat - 55224  Plate - 645  Thickness - 2-1/4"  3Basic O.H,

Chemistry
C Mn 8L _S P_ M Or Mo Cu
.27 1.k W0 (017 L022 = == A1 ~=
Heat Treatment Physical Prcperties
Temp. Hrs., Rise Hrs, Soak Coolant T =S - 125,000
Y.F; - 107,500
2000 - 10 Alr % Elong, - 17.0
1250 = L4 Alr 2 % R, = 32.2
, Izod - 56.3
1675 - 4 Xaten Brinell - 252
1175 - 4 Alr

Ballistic Properties

B.L.(Companion Plate No. 646) 37MM M51 AP - 1030(e61)
PTP - 2-3/8x2-7/16"
Shock(Plate No, 645) - 75MM T12 AP - PP, SB, Passed.

Brinell Hardness ~ QOross-Section

Outside- 255 Midwall- 252 Center- 2U5

Jominy Eardennbdbility

Hardness ) Critical Cooling Rate - 12°F/Sec  Equivalent)

Penetration) 14/16" Plate )| 2 fue
Thickness )

Two Bead Weldability

Single Bead VPN - 508, Rc -~ 48,5 Double Bead VPN - 327, Rc - 32.5

Microstructure and Remarks

Somewhat spheroidized acicular sorbite with occasional patches of
ferrite rejected on quenching, indicating satisfactory hardenebility for
this section size. Considerable dendritic segregation is i uvealed with a
nital etch at a magnification of X25, The steel is fairly dirty with con-
siderable shrinkage porosity in the middle of the cross-section, A,.S,.T.M.
Grain Sise No, 6-7,




General Steel Castinge Corp.

Flate No. 6U5

X2 MA-l4172
Oberhoffer Etch

5 M ’
X25 MA-U4155
MA-4163
Unetched, Distridbution of nonmetallic Nital and Pieral Etch -
incluaions. R

WeA .630-403

o



DaTA SHEET

General Steel Casting Co.

Heat - 5531MMC Plate - 657 Thickness - 2,33" Basgic 0.H,

Chemistry

L M s1 s P HM Cr Mo Cu

.28 1,58 40 ,017 .020 -~ .71 .52
Heat Treatment Physical Properties
Temp, Hrs. Rise Hrs, Soak Coolant T.S. - lOg.OOO
Y.P. - 76,000

2000 - 10 Alr 4 Hong. - 18.0

12%0 - L Alr %R.A. - 30.5

1675 - 4 Water Izod - 51.3

1175 - L Air Brinell - 244

1250 - 4 Alr

Ballistic Properties

B,L, - 37MM M51 AP - 1979(+69) PTP - 2-3/8x2~5/8" Shock: 75MM T12 aP.
PP - SB, Passed.

Brinell Hardness - Cross-Section

Outside~ 212 Midwall- 220 Center- 223

Jominy Hardenabillty

Hardness Penetration Critical Cooling Rate Equivalent Plate Thickness

Alr Hardening Stesl - -

Two Bead Weldability

Single Bead VPN ~ 530, Re - 50.5 Double Bead VPN -~ Y17, Re - 39.5

Microstructure and Remarks

Extremely uniform spheroidized sorbite indicating excellent harden-
ability, No ferrite present in the microstructure, A somewhat diffused
dendritic segregation is revealed with & nital etch et a megnification of
X25, 4,5,T,M. Grain Size is finer than No., 8,

8=
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LEBANON STEEL FQUMNDRY

wlll lllllll;llllll‘iJ

ORRNANCE LEFT - SA.
SATEETOWN ARSENAC:

PRATT & LETCHWORTH CO. INC, CAST ARMOR
PLATE, APRIL 1€ 1042 WA 710=-1E811




Dals SHEET

Lebanon Steel Foundry

Heat - HEZ935 Plate = A3 Thickness - 1" Acid Elecstric

Chemistry
C  Ma st S P N Cr Mo _Cu Y
19 .95 b 020 0% .67 .66 .B5 1.03 —
Heat Treatment Physicel Properties
Temp, Hrs. Rise Hrs, Soek Coolent T.S. - 142,000
!oP. = 1 ,000
1900 - 5 air to 1700 % Elong, - 9??)
1700 - = Water $R.A, - 32,1
Iz0d - 12,0
1575 - b Water Brinell - 302
1075 - 5 Water

Ballistic Properties

B.L, Oal, .50 AP M1 - 2223(+23) 37MM M51AP - 1-11/16"x1-13/16"
3L M51aP(25°) - PP, SC on L3, Passed.

Brinell Hardness -~ Cross-Section

Outside~ 281 Midwall- 265 Center- 285

Jominy Hardenability

Hardness ) Oritical Cooling Rate = 14°F/Sec Equivalent)
Penetration) 13/16" Plrte ) 2-1/un
Thickness )

Two Bead Weldability

Single Bead VPN - 468, Ro - L4 Double Bead VPN - 373, Rc - 37

Microstructure and Remarks

Acicular sorbite with no ferrite present, indicating excellent
herdenability for this section size. The Murakami etch shows very fine
carbides with a tendency to outline grain bcundaries. A very homogeneous
structurc is revealed with a nital etch at a maegnification of X25,
a.S.T.M, Grein Size No. 7.




Lebanon Steel Foundry
Plate No. A3

X2 | MA-L20Y4
QOberhoffer Etch Nital Etech
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X1000 MA-4187 X1000 Nital and Picral Etch
Marakami etch, Fine carbides with

tendency to outline grain boundaries.
WA .630-4030
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DATA SHZET '

Pacific Car & Foundry Co.

Heat - U2B105 Plate = 2 Thickness — 2-1/16"

Chemistry
€ Mn S8 _S _P N O Mo Cu ¥
.20 .89 .70 L017 L019 — — B 1\ —
Heat Treatment Paysical Properties
Temp, Hrs, Rise Hrs, Soak Coolant JURH - 102,350
Y.P. - 88,520
1850 - 7 Air ‘-é mong. - zu.o
1625 - 2 Water % R,h, =~ 56.0
Izod -
1250 - 2 Furnace Brinell - 217

Ballistic Properties

3.L. - 37TMM M51 AP - 1795(+51) PTP - 2—-5/8"12—1/8" Shock: T7HMM T12 AP,
FP., Passed.

Brinell Hardness - Cross-Section

Outside~ 202 ¥idwall- 207 Center- 207

Jominy Hardenability

Hardness ) Critical Cooling Rate - U3°F/Sec  Iquivaelent)
Penetration) 6/16" Plate ) 1-1/un
Thickness )

Two Bead Weldability

Single Bead VPN - 384, Rc - 3U4.5 Double Bead VPN - 302, Rc - 25

Microstructure and Remarks

Spheroidized sorbite with approximately 50% ferrite, indicating very
low hardenability for thie section size. The Murakaml etch shows a ten-
dency for carbides to outline the grain doundaries, The steel 1s relatively '
clean and has a pronounced dendritic segregation revealed with a nital
etch at a magnification of X25, a,S5.T.H. Grain Size finer than No. 8,

~10-




Pacific Car and Foundry Co.
Plate No, 2

X1000 MA-U129
Murekami etch, Some tendency for car-
bides to outline grain boundaries, W.A .530-4058



DATa SAEED

Pucific Car & Foundrv Co, '

Heat - W2B126  Plate - 9 Thickness — 2,1L"

Chemistry
C ¥n _Si S P Ni Cr Mo Cu

,20 1,02 .82 .02k 018 = = — 1,75

Heat Treatmert Phr-sicnl Properties

Temp. Hrs, kise Hrs. Soar Coolant 5 - 118,750

et B ; i % Elong. - 20.0
R - - Atr % Ron, - 36.3
1625 - 2 Water Izod -

925 - 2 Alr Brirell - 252

Bellistic Properties

B.L. - 3™ M51 aP - 1889(+50) PP - 2-3/8x}" Sueck: T75.21 T2 aF.
P - 83, Passed.

Brinell Hardnese -~ Crcss-Section

Outside~ 241 “idwelle 235 Center- 225

Jominy Eardenability

Hardaness ) Critical Cooling Rate - 106°F/scc. ZEquivalert)
Penetretion) 3/16" Plate ) 3/l
Thiclmess )

Two Buad Weldnbilit:

Single Bead VPN - 285, Re - 19.5 Double 3end VPN - 233, Re - 14,5

hicrostructure arnd Renrrks

Small patches of sorbite and approximately s0% ferrite rejected upon
the queunch, indicating very poor hardennbility for this section size,
A slight amount of dsndritic segregotion is revenlsad with a nital etch at
a magnification of X25, A very proaounced segregation cf ronmetallic in-
clusions occurs in the interdendritic fillings. 4.S.T.M. Grain Size No. 8-9,

S (



Pacific Car and Foundry Co.
Plate No. 9

X2 MA-U1T74 X25 Nital Etch MA-M170C
Oberhoffer Etch

R -4

. .‘ ‘ * - . - m. . -

X25 MA-4157 X1000 Nital and Picral Etech Ma-"161
Unetched, Distribution of nonmetallic

inclusions in interdendritic fillings, WoA.630-404]




Ta SHITT

Pacific Cor & Poundry Co.

Heat - 428127 Plate - 10 Trickness - 2,20"

Chemistry
c kn Si _S P N Or Mo _Cu
21 1,09 .82 011 ,019 - - -— 1.61
Heat Treatment Phyrsical Properties
Temp, Hrs, Rise Hrs, Soak Coolant 7.5, = 1314,5960
. Y.P, - 127,450
1650 - 6 e % Torng., - 16,0
1000 - 2 Air % R.a., - 36.0
. Iz0d -
1625 - 2 Water Srinell - 290
1195 - 2 Alr

Ballistic Properties

3,L, - 371 M51 AP - 1978(+138) PTP - 2-5/8:(2—5,’8" S:ock: 7H48L T12 AP,
FP - 85, Passed,

Brinell Arrdness -~ Cross-Section

Outside- 29U Midwall- 269 Center~ 2060

Jominy Harcdenebility

Hardness ) Critical Cooling Ente - L43°F/Sec  Zquivelert)
Peretration) 6/16" Plate ) 1-1/un
Thiclmess )

Two Bead Weldability

Single bead VPN - 405, Rc - 36 Double Bend VPN - 306, Rc 29

lMicrostructure and Remarks

acicular sorbite with approximetely UOp» ferrite rejected on the
quench, indicating low hardencbility for tnis section size. Tne lMurakami
etch shows some tendency for the carbides to outline the grain boundaries.
There is a pronounced segregation of incluslions in the interdendritic
fillings of a slightly segregated dendritic structure, A,S.T.M. Grain
Size finer than No, 8,

-12-

™



X25

Unetched,

Pacific Car and Foundry Co.
Plate No. 10

Ma~l153
Distribution of nonmetallic

inclueions in interdendritic fillings.,

X1C00
Murakami

o ;
s ¢ ¢ PO ) e
A8 N T
g B N
" - ’ . ‘(— .I " '. A -
: s:' o . | R
; ..-‘.'1" , .-" . : » *
L RY | - Y 4 :
) ‘.' . - i \
MA-M179 X1000 Nitel and Picral Etch MA-U160
etch, Carbide distribution,
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DaTaA SHEET

Pacific Car & Foundry Co.

Heat - 428128 Plate - 11 Thickness - 1,87

CERMISTRY
L M¥n Si S P Ni Cr Mo Cu v
.20 1.06 .79 .01 .013 — .65 — 1,62 -
Heat Treatment Phrsicnl Properties
Temp, Hrs, Rise Hrs, Soak Coolant M S - 108,750
Y.P. - 550
1850 - 6 Alr % Tlong. - 22?055
1000 - 2 Alr % DA, = 50.5
Izo - -
1625 - 2 Haities Brinell - 252
1125 - 2 Alr

Ballistic ZProperties

B.L. - 37M M51 AP - 1608(+12) PTP - 2bx2.3/4  Shock: TH5MM T12 aP,
PP - M3, Passed.

Brinell Hnrdness - Cross—-Section

Outside- 204 Midwall- 197 Cer.ter- 201

Jominy Hardenability

Hardness ) Critical Cooling Rote - U3°F/Sec  Equivalent)
Penetration) 6/16" Plate ) 1-1/4n
Thickness )

Two Bead Weldnbility

Single 3ead VPN - 376, Rc = 33 Double Bead VPN - 279, Rc - 25.5

Microstructure and Remar'zs

Sphoroidized sorbite with approximately 50% ferrite rejected upon
quenching, indicating too low hardennbility for this section size. A
somewhat diffused dendritic segregation is rovealed with a nital etch at
a narnification of X25. Fairly clean steel. A.S.T.N, Grain Size finer
than No, 8.

13-

3



Pacific Car and Foundry Co.
Plate No, 11

~

X2 Oberhoffer Etch MA-U176

Lroe &

X25 Nital Etch MA-4167 X1000 Nital and ricrel Etch  MA-4164

WeA O3G=4040



DaTa SHIET

Pacific Car & Foundry Co.

Heat - L2B129 Plate - 12 Thickness - 1,89"

Chenistry

¢ Mn Si S F N Cr o Cu v
2% 1,08 .86 023 008 — = — 1,76
deat Treatnent Physical Properties
Temp. ars, Rise Hrs, Soek Coolant T.S. - 109,700
Y.P. Ll 9)4. 600

1750 - 4 air % Zlong. - 20.5

% R.a. - 42,1

925 - 1% Air Izod -

3rinell - 252

3allistic Properties

3.L. - 3TMM U51 AP - 1667(+56) FPTP - 2-1/Ex2-3/U"  Shock: 75 T12 4P,
PP - VB, Passed.

Brinell H:rdness - Cross Section

Outside~ 169 Midwall- 207 Center- 210

Jonin:» Hardenability

Hardness ) Critical Cooling Bats - H5UOF /sec. Equivalent)
Penetration) 5/16" Plate ) 1-1/un
Thickness )

Two Beed 'Yeldabdility

Single Boad VPN -~ 387, Re = 35.5 Doudble Zead VPF - 2¢2, dc - 23.H5

Microetructure and Renarks

Patches of fine pearlite anc approxicately 60% ferrite, indicating
very poor hardenability for tnis section size particulerly upon air
cooling, The Nurakami etch duplicntes the nital and picrel etch., a
very homogeneous structure is revealed with a nital etch at a nagnificetion
of X25., &a,S.T.M. Grain Size No, G,

-1l
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Pasific Car and Foundry Co.
Plate No.
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DATA SHEET

Pratt & Letcahworth Co., Inc.

Heat - 413  Plate - 1 Thickness - 1,88"  3Basic 0.H,

Chemistry
€ Mo Si _S _P N Cr Mo Ou ¥
.26 1.30 . 016 020 — = 29 -— -
Hoat Treatment Physical Properties

. S. - 122,500

Temp. Hrs, Rise Hrs. Scak Coolant T
Y.P- - 107 |550

1725 - u‘ Air %mong - 18 0

% ROA. - )"3.5
oL - g raver Izod - 55.6
1025 - 5 Air Brinell - 2ig

Ballistic Prnperties

R.L. - 37MM M51AP - 1750(+146) PTP - 2ix2-3/U"  Shock: 75 MM T12 AP
PP, MB, Passed,
75 M4 MKl slug.
CP, brocke in two

pleces.
Brinell Hardness — Cross-Section
Mutside- 248 Midwall- 241 Center- 238
Jominy Herdenability
Hariness ) Critical Cooling Rate - 35°F/Sec Equivalent)
Penstration) 7/16" Plate ) 14

Thickness )

Two Bead Weldability

Sinzle Bsad VPN - 46W, Re - U35 Touble Bead VPN - 304, Rc - 28,5

hicrastructure and Remarks

Sonsroidized sorbite with considerable ferrite rejected upon quenching,
indiinating inoufficient hardenability fer this section size. This plate
siwows rractically nn dendritic segregation revealed with a nital etch at a
ragnifisation of X25, A,S,T.i. Grain Sigze No. 7,

Llst

"y



Pratt and Letchworth Co,, Inc.
Plate No. 1

X2 MA-Y4231
Oberhoffer Etch
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X1000 MA-U228 X1000 ~Nital and Picral Etch  MA-lolg

Murakami etch, Carbide distribution
same as that revealed by nital and

picral etch,
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W.A.£39-4056



Data Sheet

Pratt & Letcawerth Co., Inec.

Heat - 413  Platc - 2  Thickness - 1.48"  Basic 0.H.

Chemistry

C_ Mo S8 S _P M Cr M Cu ¥

728 1.30 L% 016 .00 - -- .29 — ~--

Heat Treatment Physical Froperties

: S. s, Sosk Coolant ity - 121,150

L. el Y.P. - 106,050
l7ex - L Air % Elong, - 20,0
% R.A, - 52.0
1010 - 4 Water 1208 - 54.5
10eh - 5 Alr Brinell - 252

Ballistic Properties

L, - 37Mi MRl AP - 1491(+203) PTP - 2-1/4"xo-1/4"  Snock: 75MM T2 AP
CP, W" crack on
LB. 75MM MEl
slug., CP. Broke
in 2 pleces,

drinell Hardness - Cross-Section
Mutside~ 255 Midwall- 255 Center- 248
Jominy Hardenability
Hurdness ) Critical Cooling Rate - 30°F/Sec Equivalent)
Tenetra%ion) 8/16" Plate ) 13

Thickness )
Two_Bead Weldability

Single Bead VPN - W55, Re - L2 Double Bead VPN - 312, Re - 29

Microstructure and Remarks

Sphernidized sorbite with much less ferrite rejected on the quench then
in the case of Pratt and Letciworth Plate Yo, 1, Plate No. 2 possesses fairly
satisfactory hardenability for its section size. Plates No, 1 and No. 2
illustrate tne effect of nass on the hardening ability of this commosition;
tlie talnner plate possessing the more satisfactory microstructure althoagh
both plates of this steel have the rame hardenadility. A.S.T.M, Grain Size
Ne. 7.
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Plate No. 2

MA~4229

Pratt and Letchworth Co., Inc.
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Scullin Ste ._"».

Heat - 50924 Plate -~ X2 Tnickress - 2,13" Tasic 0.4.

Chenistry
c Mn Si S _P X Cr Mo Cu
V3% 1.8 % 015 03¢ — = .76 --

Heat Trcatment Physical Properties

Temp. Hrs, Rise Hrs. Soak Ceolant T.S. - 136,500
YGE. - 120,000

1750 - 5 Alr % Zlong, - 15.2
5 ' % R.Ao - 7.
1169 - 3 alr T203 %00
1780 - 3 Water Brinell - 269
1¢CO - 7 alr

Ballistic Properties

B,L. - 37WN. M51 &P - 1G38(+150) PTP - 2.3/u"x2-7/3" Shock: 75M¢ T12 AP.

PP had 8.
Passed,
Brinell Hardness -~ Cross-Section
Qutside- 281 Midwall- 266 Center- 2U5
Jouiny Hardenability
Herdness Critical Cooling Rate - 26"F/Sec  Zquivalent)
Penetratien) 9/16" Plat> ) 1-3/4m
Thickness )

Two Bead Weldabllity

Sincle Bead VPN - 572, Re - 51.5 Doudble Bead VFN - 322, Re -34

Microstructure and Remarks

acicular sorbite with approxinmately 20% pro-eutectoid ferrite, indi-
cating low hardenatility for this section size., The outer thirds of the
cross—-section showed no segregation with a nital etoh at a magnification
nf X2+, while the middle of the crcss—-section contained sone fairly well
diffused dendritic segregation. A.S.T.M. Grain Size finer than No, 8.

==



Scullin Steel Co.
Plate No., X2

X25 Nital Etch m.-ulsh x25 Nital Etch MA=-4195
No segregation at outer regions of Segregation in middle of cross-section,
cross-section,
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Scullin Steel C-,

Jeat - 3421 Plate - X6 Taiclmess - 2.08% Basic 0.3,

Chenistry
M Si S P Vi Cr e Cu

C
233 151 68 OB 016 — - .39 -

deat Treataent Paysicel Fr pertiac
Temp, ars. nise ZXrg. Scak Coolant 7.5, - 109,000
Yopo bt 87 'OOC
1750 = 7 air ¥ Zlorng. - 22.0
1580 - 3% Water # R.A. = BULO
Izcd - U3-L5
1220 - 7 alr 3rinell - 235-240

Dallistic Prcpertiec

3.1, - 37 M5 4P - 1774(+18) PTP - C%xaé" Srock:  7HMHM T12 AP,
PP - §3, Pacsed.

Brinell Nardness - Cryas-Sectien

futside- 232 Midwall- 229 Center- 217

Joxiny Fardenability

Hardnecs Percuvratian Critical Osnling Rats  Equivalent Plate Thickness

air Fardening Steel - -

Twe Baad Weldubility

Sinzle Fead VPN - 585, Rc - 53.5 Touble 3ead VPN - 373, Re - 36,5
Microstructure and Remarkg

Very uniform, spheroidized sorbite with no frce ferrite, indleating

axzailant herdenability for tils section size., & falrly pronounced den-

iritie cegregation is revealad with a nital etch at a magnification of
425, Tue steel is relatively clean, A.S5.T.M. Grain Size finer than Yo, 8.

~18-



MA-N212

Nital Etch

125

Scullin Steel Co.
Plate No. X6

MA-4220

Oberhoffer Etch

Distribution of nonmetallic
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DaTa SaZ3T

Sivyer Steel Castings Co.

Heat -~ X7 Plate - X7 Thickness ~ 2,05" Acld Zlectric

Chenistry

C lkin Si S P M Cr Mo Cu
27 1.2 33 036 022 - - h -

<

e

deat Treatment Physical Propertiec

Temp. Hrs, Rise Hrs. Soak Coolant T.S. - 110,000
1900 6 Ar L LT
1300 2 Alr % R.A, = 55.5
1575 y Brinell - 28
1200 4

Water

& F W on

Furnace

Ballistic Properties

B.L. - 37M{ M5l AP - 1735(+0) PTP - 2bxob"  Shock: T75MM T12 AP, :
PP == MB. Passed.
75MN MK1 Slug.
CP. SC on lB.

Brinell X¥nrdness - Cross-Section

Outside- 229 Midwall- 229 Center- 223

Joniny Harcdenability

Hardness ) Critical Cooling Rate -~ 16°F/Sec  Equivalent)
Penetration) 12/16" Plate ) 2-1/un
Thickness )

Iwo Bead Weldablility

Single Bead VBN - 542, Re - 47,5 Doudle Bead VPN - 366, Rc - 35.5

Microstructure and Renarks

The microstructure ronsists of a coarse, partially spheroidized
acicular sorbite with very little pro-eutectoid ferrite present, indi-
cating satisfactory hardeiability for this secticn size. There is a
pronounced tendency fcr the carbides to outline the grain bdoundaries,
The inclusions are distributed in the interdendritic fillings of a
pronounced dendritic segregation., 4.S.T.M, Grain Size No. 6. .

=1
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DATA SHEET

Sivyer Steel Castings Co.

Heat - X7 Plate - X7X Thickness - 2.00" Acid Dectric

Chemistry
C Mn Si S P N Cr Mo Cu V.
,2] 1.2% .33 036 .022 — — B9 = =
Heat Treatment Physical Properties
Temp. Hrs. Rise Hrs. Soak Coolant T.S. - 109,710
Y.P. - 88,420
1700 6 It Alr émong. - 20.%
z0 -
1575 b 4 Water Brinell -~ 28
1200 4 4 Furnace

Ballistic Properties

B.L. - 3P M5LAP - 1778(+78) PTP - 2-1/U"x2-5/8"  Shock: T5MM T124P, |,
PP L) “3. PaBBed.

7548 MK1 Slug,
PP - SC on 1B,
Bow - 1-1/16",
Brinell Hardness -~ Cross-Section
Outeide- 232  Midwall- 223  Center~ 226
Jominy Hardenabllity
Hardness ) Critiocal Cooling Rate - 16°F/sec. ZEIquivalent)
Penetration) 12/16" Plate ) 2-1/u"
Thickness )

Two 3ead Weldability

]
Single Bead VPN - 503, Rc - 47.5 Doudble Bead VPN - 390, Re - 36

Microstruciure and Remarks

Tairly coarse spheroidized sorbite with no pro-eutectoid ferrite, in-
dicating excellent hardenadility for this section size. A well diffused
dendritic sogregation is revealed with a nital etch at a nagnification cf
X25., A.S.T.X, Grain Sise No., 5.



8ivyer Steel Castings Co.
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DATA SHEET

Sivyer Steel Castings Co.

Heat - 5577  Plate - 90 Thickness - 2.1u4" Acid Dlectric

Chemistry
C Mn Si S P Ni Cr Mo Cu V_
.23 .95 .23 0036 .018 .51‘ .71 .51 1.01 il
Heat Treatment Physical Properties
Temp. Hrs. Rise Hrs. Scak (Coolant T.s. - 125,050
Y.P, - 108,150
1900 6 8 Alr 4 Dong. - 19.5
1300 2 3 air % R.A. - 55.5
Charpy - 28.8
1550 Y L Water Brinell - 262-269
1175 6 8 alr

Ballistic Properties

B.L. - 37MM M5LAP - 2023(+179) PTP - 2"x2"  Shock: T75MM T124F.
PP - SB. Passed.

Brinell Hardness -~ Cross-Section

Outside- 273 Midwall- 277 Center- 277

Jominy Hardenability

Hardness Penetration Oritical Cooling Rate Equivalent Plate Thickness

air Hardening Steel - -

Two Bead Weldability

Single Bead VPN - 493, Rc - 47 Double Bead VPN - 401, Re - 35.5

Microstructure and Remarks

Partially spheroidized acicular sorbite with no pro-eatectoid ferrite,
indicating excellent hardenability, The nonmetallic inclusions are segre-
gated in the interdendritic fillince of a very well diffused dendritic
segroegation revealed by a nital etch at a magnification of X25. A.S.T.M,
Grain Size No. 5-6.
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DATA SHEZT

Sivyer Steel Castings Co.

Heat - 5577 Plate - 90X Thickness -~ 2.11" Acid Electric

Chemistry

C ¥n Si S P Ni Cr Mo Cu
23 .55 .23 .036 .018 .54 .71 .51 1.C1

L

Heat Treatment Physical Properties
Temp, Hrs, Rise Hrs, Soak Coolant T.S. - 121,800
Y.P. - 105,00C
1650 3 L air 2 Zlong. - 13.0
2 - R.A. - 5 .7
1550 Ly 4 Water 3rinell - 262-269
1175 6 g air

Ballistic Properties

B.L. - 37MM M51AP - 1910(+1uk) PTP -~ 1i"x2" Sheck:  75Mii Tl2aP,
PP - 83, PFPassed.

Brinell Hardness — Cross—Section

Outside- 277 Midwall- 269 Center- 269

Jominy Hardenadbility

Hardness Penetration (Critical Cooling Rate Equivalent Plate Thickness

air Hardening Steel - -

_Twr =ead Weldability

Single Bead VPN - 488, Re - 46,5 Double RBead VPV - 351, Re - 33.5

Microstructure and Remarks

Somewhat nonunifsrm enrbite partially sphercidized and no pro-eutectoid
ferrite present, indicating excellent hardenability. The nonmetallic inclu-
sions are segregated in the interdendritic fillings of a diffuse dendritic
segregation revealed by a nital etch at a magnification of X25. 4,S8.T7.M.
Grain Size No. 6,

-22-



Sivyer Steel Castings Co.
Plate No, 90X
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DATA SHETT

Sivyer Steel Castings Co.

Heat - 5596 Plate - 99 Thickness - 2,22" acid Electric

Chemistry

C Mn S8t S _P N Or Mo Cu _V
.31 1.06 .25 .03 .019 .47 .59 49 — -

Heat Treatment Physical Properties
Temp, Hrs, Rise Hrs. Soak Coolant T.S. - 118,350
_ 2 - 97,250
1900 6 g air % Tlong. - 21.5
1300 2 3 Alr ? R.A. - 57.:;
harpy -~ 33.
1550 4 4 Water Brinell - 233-255
1200 6 8 alr

Bailistic Properties

B,L. - 37Mi{ M51AP - 194l4(+112) PTP - 1#x2"  Shock: 75 T124P,
PP - S3, Passed.

Brinell Hardness - Cross-Section

Outside- 24l Midwall- 2u1 Center- 2Ul

Jominy Hardenability

Hardness Penetration Critical Cooling late  Equivalent Plate Thickness

alr hHardening Steel - -

Two Bead Welda®ility

Single Bead VPN - 508, Rc - U7 Double Bead VPN - 409, Rc - 39

Microstructure and Renarks

Finely spheroidized sorbite with ns ferrite present, indicating ex-
cellent hardenability for this section size. A very well diffused structure
is revealed with a nital etoch at a magnification ¢f X25, The nonmetallic
inclusions are segregated in the interdendritic fillings. &,S8.T.M. Grain
Sige No. 7.
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DaTA SHEET ’!

Sivyer Steel Castings Co.

Heat - 5596 Plate - 99X Taickness - 2,23" Acid Electric

Chemistr

C Mo Si S P NI Cr Mo Cu _V
.31 1.06 .25 .038 .019 .47 59 B - -

Heat Treatment Physical Properties
Temp. Hrs, Rise Hrs. Scak Coolant T.S. -~ 115,900
g _ Y.P. - 46,650 1
1650 3 4 Air % Elong, - 23,0

: R‘A. = 57.8

1300 2 Air d
} 3 Charpy - 33.5
1550 N in Wator Brinell - 248-255
1200 6 8 Alr

Ballistic Properties

B.L. - 37hM MSLAP - 1988(+150) PTP-l—?/SxQ-—l/N»" Shock: 75Md T12AP. . :
PP - S3, Passed,

Brinell Hardness - Cross--Section

Outside- 238 Midwall- 2U5 Center~ 245

Jominy Hardenability

Hordness Penetration Critical Cooling Rate Equivalent Plate Thickness

Alr Hardening Steel - -

Two Bead Weldability

Single Bead VPN - 519, Rc 48,5 Double Bead VPN - 339, Rc - 34,5

Migrostructure and Remarks

Fine uniformly spueroidized sorbite with no ferrite present, indicating
excellent hardenability. The Murakami etch shows a tendency for the car-
bides to outline grain boundaries. a fairly well diffused dendritic segre-
gation is revealed with a nitul etcn at a nagniiication of X25. 4,S.T.M.
Grain Size No, 6.



Sivyer Steel Castings Co,
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DATA SHEET

Symington-Gould Corp.

Heat -~ 4552  Plate - 2 Thickness - 1,49"  Basic O.H.

Chemistry

C_ Mn_ 581 _ 8§ P N Cr Mo Cu ¥
2% 1.28 T35 Touh 02k - — B0 — =

Heat Treatment Physical Properties
Temp, Hrs, Rise Hrs, Soak (Coolant 7.S. - 137,700
Y.5; -~ 99,500
1700 - L Alr $ Bong., - 13,0
1600 4 Vat $ R4, ag -6
= ot Is0d ezg 58
1200 - 4 Alr Brinell - 237-

Ballistic Properties

L, - 3P0 MSLAP - 1495(+201) PTP - 2-1/4x2-5/8" Shocks T75MM T12AP,

PP - SB.
Passed.
Brinell Hardness - Cross-Section
Outside- 273 Midwall- 273 Center- 266
Jominy Hardenability

Hardness ) Oritical Cooling Rate - 21°F/Sec Equivalent)

Penetration) 10/16" . Plate L
Thickness )

Two Bead Weldability

Single Bead VPN ~ 514, Rc - W1.5 Doudble Bead VPN - 351, Re - 34,5

Nicrostructure and Remarks

Uniform, finely spheroidiszed sorbite with very little free ferrite,
indicating excellent hardenability for this section size. A very slight
degree of dendritic segregation is revealed with a nital etch at a magni-
fication of 325. A.8.T.M. Grain Sise No, 7"80
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DATA SHEET

Symington-Gould Corp.

Heat - 4552 Plate — 52 Thickness - 1,99" Basic O.H,

Chemistry
C Mn S8 S P Ni Cr Mo Cu V
o4 1,24 .38 L0uF o2k —- = ho = -
Heat Treatment Physical Properties
Temp, Hrs, Rise Hrs. Sosk Coolant T.S. - 149,050
Y.P. - 136,750
1700 - 4 Air % Elong. - 11.0
%R.A. bt 31.1
1600 - 4 Water Izod - -
Briaell - 229.-269
1200 - 5 Alr

Ballistic Properties

B.L. - 37MM M51 AP - 18U46(+154) PTP - 2-1/U"x2-3/4"  Shock: 75M’ T12 P,

PP - SB,
Passed,
Brinell Hardness - Cross-Section
Outside- 277 Midwall- 262 Center- 255
Jominy Hardenability

Hardness ) Criticul Cooling Rote - 26°F/Sec Equivalent)
Penetration) 9/16" Plate ) 1-3/u4n

Thickness )

Two Bead Weldability

Single Bead VPN - 508, Ro - 48.5 Doudle Bead VPN - 354, Rec - 37

Microstructure and Remarks

Spheroidised sorbite with approximatoly 20% ferrite, indicsting in-
sufficient hardenability for this section esise, The inclusions are dis-
tridbuted in the intaerdsndritic fillinzgs of a pronounced dendritic structure
revealed with a nital etca at a magnification of X25. A.S.T.M. Grain Sisze
No. 7.

Symington-Gould Plates Mc. 2 and No, 5=2 i.licate the effest of mass
on the hardening ability of eteel, The thinner plate has the more satis-
factory microstructure because of the more effective hardenine of the
smaller section.
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Symington-Gould Corp.
Plate No, 5«2
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T T e

DATA SHEET
Wehr Stecl Co.
Heat - Plate - Ak-338 M™ickness - 1,64"  Acid Tdectric
Chenmistry
L _Mn _S1 S P Ni Cr o Ou ¥V
.30 .98 .50 .032 .030 .96 .48 .3W — -
Heat Ireatment Physical Properties
Temp. Hrs. Rise Hrs. Somk (Coolant 7.S. - 114,000
Y-P- - 93'500
1825 - 6 hir % Flong. - 18.0
- u w t r hoA- - 31.b
1650 aver Izod - 35 - W1
1200 - g Fce to 1100 Briunell -~ 255

Water

Balllistic Properties

B.L. - 37Mx MS51AP - 1611(+19Y) PTP - 2#x2-15/16"  Shock: 75MM T124P.
PP - SC on B,
Passed, 7T5MM
MKl slug., PP -
SC on M3.

Brinell Hardness - Crcss-Section

Outcide- 38 Midwall- 232 Center- 232

Jominy Hardenabllity

Hardness Penetration Critical Cooling Rate Zquivelent Plate Thickness

Alr Hardening Steel - -

ayc _Bead Weldability

Single Bead VPN - 5% He - 50.5 Double 3ead VPN - 360, Re - 37.5

dierr7tructure and Remarks

Somewh'si :onuniior: euleoroldized sorbite with no pro-euiectoid ferrite,
indicatiag e».ellent hardcusuility for this section size. The nonmetallic
inclusions are segregated ir ‘%e interdendritic fillings of a well diffused
dendritic svgregation, 4.S8.1.M. Grain Size No. 8.

~27-



Wehr Steel Co.
Plate No, Al-338
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Wehr Steel Co,

Heat - Plste - W2-332 Thickness — 1,l4g" Electric
Chemistry
C tn Si S P Wi Cr Mo Cu Decxidizer

27 .78 .35 .033 .03, 1.00 .51 .40 — of al

Heat Treatmaent Paysical Properties

Temp. Hrs. Rise Hrs. Scak Ccolant T.S. - 131,500
Y P - 114,000

1625 - 6 alr % Tlong. - 12.0
1575 - L Water % R.a, -~ 22.7

E Izcd - 19.0
1550 - 4 Raiter Brinsll - 2?/.7
1100 - 6 Alr

Ballistic Properties

B,L. - 37Mi N51AP - 144g(+148) PTP - 2-3/8x2-3/8  Shock: 75MM Tl2aP.
FP. Passed.

Brinell Hardness - Cross—Saction

Outside- 2€9 Midwall- 252 Center- 2U5

Jominy Hardenability

Hordness ) Critical Cooling Rote - 30°F/Sec Zquivalent)
Penetration) 8/1o" Plate ) 14
Thickness )

Two Bead Weldability

Single Bead VPN - W59, Re - W45 Double 3end VPN - 325, Rc - 32,5

Microstructure and Kemarks

Spheroidized sorbite with patches ¢f acicular ferrite, indicating
rather low hardenability ror tunis section size, . very heomegeneous struc—
ture is revealed with a nital etch at a mognification of X25. There is a
very pronounced segregation of the inclusions in the interdendritic fillings.
4.5.T.M, Grain Size No. 8.
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Wehr Steel Co,
Plate No, W2-1332
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