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Metairorgical Data on Certain Cast Aracr 

Test Plates Tested at Aberdeen Proving j-rci-md as a 

Part of the Cast Armor Low AII07 Deve^.opaent Frcgraa 

I1ITR0XCTI01 

This report  incorporates tne metallurgical data obtained "by post- 
norten examination of sections cut from twenty-eifht  (22) cast ar.r.or 
test plates submitted for ballistic tests rs a part of the program to 
develop cast armor compositions low in strategic elements. 

Samples of ballistic test plates which performed satisfactorily were 
forwarded from Aberdeen Prrving Ground.    Fron the samples furnished, repre- 
sentative sections chosen on the basis of the company which produced the 
plate and the composition type   were selected for investigation. 

MBIALLURGIOAL SATA IK&UggD 

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 steel. 

2, Macrcstructure 

The macro structures of each steel are shown, and the photographs 
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 acrrss the 
section, the Jominy end-quench hardenability ratings and critical cooling 
rates as well as the equivalent plate thickneeses which will hard«n 
completely through based upon a quench Into a still water hath.    The two- 
bead weld hardenability characteristics are included for each steel with 
a comparison between the hardnesses determined in the heat-affected zone 
by tha tickers Brinell.and the Rock^ill C instruments. 
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k,    Two-3ead Weld Hardenafellity Chart - Rockwell C versus Vlckers Brinel 

This chart appears at the end of the report and ccnsists of a 
pint showing the relation between the Vlckers hardnesses and Rockwell C 
hardnesses actually obtained and the conversions to be expected. 

5.    Jominy Hardenability Curves 

Jor.iny hardenability curves are plotted for each steel investigated 
and grouped by manufacturer, 

TEST FROCEDURSS 

1. Jominy Hardenability Test 

Joniny hardenability tests were made en the twenty-eight (28) 
plates examined in this report.    The method of testing used is that developed 
by General Motors Co. and recommended by the A.S.T.M.     Standard specimens 
(l» diameter x }n long) were used placed in a quenching fixture i" from 
a ^w nozzle.    The free water head from nozzle was 2^" using a water coolant 
with a temperature of 70°  to 750F. 

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

Rockwell C hardness surveys were made on the quenched specimens 
on two longitudinal faces  surface ground .015" below the surface of the 
round. 

2. Critical Cooling Bate 

The critical cooling rate was based upon information developed 
by Boegehold of General Motors 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 to a 5C$ 
martensitic or half-hardened product.    Air hardening ability was considered 
to have been obtained when the Jominy bar throughout its length hardened 
to a value in excess of the 5*$ martensitic hardness for the particular 
carbon content of the steel. 

3. Equivalent Plate Thickness 

The equivalent plate thicknesses were determined arbitrarily 
from the Jominy hardenability data and conversion factors developed by 
other investigators, namely, Grossman and Lattelle Memorial Institute 
personnel.    The Grossman quenching factor was based upon a moderate or 
still-water quench. 
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U.    Two-Bead Weld Hardenabllity Tests 

Procedure on Iwc-3ead Weld Hardennbility Test 

Two-bead weld hardenabllity tests were conducted on all of tr.e 
plates according to  the method proposed for inclusion in armor plate 
specifioutions.    Hardness readings were taken in each case on the zone cf 
maxiiaum hardness.    Vickers 10 Kg impressions were made en the face of the 
section away from the beginning of the weld    (where the  specifications 
ask fcr Rockwell impressions)  while Rockwell C readings were taken on the 
face adjacent  to the beginning of the weld on the same  section but in 
every case at least 3/^" fron the beginning of the weld bead. 

5.    Orain Size Determinations 

The grain  size of each steel was determined by two methods.    The 
actual grain size observed on the microscope was taken as one value, and 
the jjrain size revealed by the Shepherd fracture test after a heat treat- 
ment similar to that given the test plates fcr hardening was used as the 
other method. 

COfclSLITa AlTD CONCLUSIONS 

1,    Hardenabllity 

The ability of a certain cor.iposition to harden completely through 
upon quencning in a given  thickness is not a requisite for  satisfactory 
ballistic performance.    In general, however, higher ballistic efficiencies 
are obtained when thorough hardening results,    xor instance,  the Mn-Mo 
compositions,  comparatively low in manganese,   (Mn - 1,30^, Mc  .30~,U&fl) 
possesses satisfactory hardenabllity for a ll" tuick section but insufficient 
hardenabllity for a 2" section,  as evidenced by the considerable amount of 
forrite rejected upon quenching the 2" thickness plate.     This is shown by 
the Symington-Crculd and Pratt and Letc4iworth plates. 

The high-copper-bearing steels submitted by Pacific Car and Foundry 
Co., although possessing extremely low haraenability as evidenced by the 
farrite and oarbide micro structure,  exnibit fairly satisfactory ballistic 
properties.    It is felt that additional alley to promote depth hardening 
is required in this type of material ever and above the amounts cf chromium 
and molybdenum used in certain heats.    The Jominy hardenabllity was not 
materially increased by these additions,  and the microstructures indicated 
but a slight effect of these alloys. 

The following tabulation based upon Jominy hardenabllity and the 
microstructures,  indicates the thicknesses of plrte in which the various 
compositions provide adequate hardenabllity for thorough hardening: 
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Plate Thicknessea of nt Least 2" 
Thickness 

Plate riea« in 
Manufacturer No. NP. Inches Type 

Ford Motor Co, A5 - 2.19 Mc-Cu 

Pard Motor Co. l67F - 2.23 Mo-Cu 

Oeneral Steel Castings Co, 6*> 5522M a-i/u Mn-Mo 

General Steel Castings Co. 657 5531MMC 2.33 Kn-Cr-Mo 

Lebanon Steel Foundry A3 HE8935 1.0 Ni-Cr-Mo-Cu 

Scullin Steel  Co. x6 3-U21 2,08 Mn-Mo 

Sivyer Steel Castings uO, X7 X7 2,05 Mn-Mr 

nun ti X7X X7 2,00 Mn-Mo 

u             ii             ii n 90 5577 2.1U Ni-Cr-Mo-Cu 

ii             n             n it 90X 5577 2,11 Ni-Gr-Mo-Cu 

it             n             it ti 99 5596 2,22 Mn-Ni-Cr-Mo 

it             it             II it 99X 5596 2,23 Mn-Ni-Cr-Mc 

Plate Thicknesses of at Least li" 

Actual 
Plate Heat Thickness 

Manufacturer No, 

U009-3 

No. in Inches 

2.18 

Type 

Continental Roll & Site el U009 Mn-Mo 

Ford Motor Co. I67F - 2.23 Mo-Cu 

Ford Motor Co, 955 - 1.65 Cr-Mo 

Pratt & Letchworth Co. l U13 1,88 Mn-Mo 

Pratt & Letchworth  Co, 2 ^13 1.148 Mn-Mo 

Scullin Steel Co. X2 5092A 2,13 Mn-Mo 

Symington-Gculd Corp, 2 U552 1,^9 Mn-Mo 

Symiu^ton-Goulc. Corp, 5-2 1*552 1.99 Mn-Mo 

Ifohr Steel Co. AU-33g - 1.6U Ni-Cr-Mo 

The balance of the steels investigated had insufficient harden- 
abllity to thorough harden in li" sections but sufficient for l" sections. 
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2. Microstructure 

In general, the size,  shape, and distribution of the nonnetallic 
inclusions as well as the carbides have no relation to the ballistic per- 
formance in cast araor plate of the hardness ran^e investigated, nanely, 
197-291* Brinell. 

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

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

The Arnold Siigineering Co. plate was evidently not tempered after 
the quench as the microstructure contained a considerable amount of low 
carbon mnrtensite which would have been deconrposed by tempering. 

There was a fairly good correlation between the Shepherd fracture 
grain size and the A. S.T.M. micro structural grain size in nil cases except 
one Ford plate and the Arnold Engineering Company plate.    This may have 
been due 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 single 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 0.3C^ if the manganese content is in excess 
of 1.00$.    Confirmation of this is apparent in the following table: 

Sij^jLj. Bead       Double Bead 
Plate No. C       Mn       Mo       VPN     Re tPlT   "Re 

Scullin Z2 .36 1.U6 .70 572 51.5 322 3U 
Scullin Z6 .33 1.51 .39 585 53.5 373 36.5 
General 6U5 .27 1.U8 .51 508 U8.5 327 3ü.5 
Continental U009-3 .32 .90 .55 5U2 U9.5 39p 37.5 
Pratt & Letchworth 1 .28 1.30 .29 kSk ^3.5 30U 28.5 
Pratt & Letchworth 2 .28 1.30 .29 U55 U2 312 29 
Slvyer XfTi .27 1.2U M 503 U7.5 390 

409 
36 

Sivyer 99 .31 1.06 M 508 ^7 'Is Sivy er 99X .31 1.06 M 519 »*8.5 339 
Symington-Gould 2 .* 1.2U ,Mo 5lC Ul.5 351 3^.5 
Synington-Gould 5-2 ,2k 1.2U M 508 U8.5 35»* 37 
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Both Hockwell C and Vickera Pyramid hardness surveys were conducted   ^ 
on the single and double bead weldability tests as a comparison.    In fifty- 
four surveys, the Rockwell C was found to check well with the Vickers 
Pyramid hardness, and in thirty cases to be frca 0,5 to 7.5 Rockwell C 
points lower than the corresponding Vickers hardness.    Thus in 55*5^ of 
the cases investigated, the Hockwell C hardness was lower than the corre- 
sponding Tickers hardness.    The conversion from Rockwell C to Tickers 
Pyramid hardness was based upon average values obtained from the literature. 

The table at the and of the report shows the results of the com- 
parison of the Rockwell and Tickers hardness surveys. Dividing the total 
range of hardness covered into  three groups give the following results: 

Rockwell C Range 

No. Good So, Poor 
Gorralation    Correlation 

0 7 
100$ poor correlation. 

Rockwell C Range 

30-UP 

Rockwell C Range 

No. Good   No. Poor    No. Good    No. Poor 
Correlation Correlation  Correlation Correlation 

7        18 

725^ poor correlation. 

17 5 
22.75^ p&or correlation. 

When the base metal is on the soft side,  the Rockwell survey of 
the weldability test specimen 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 zone 
and will overlap onto the softer metal and giva a lower reading.    The 
Bockwell is cjt nearly as reliable for hardness surveys of weldability 
test specimens as is the Tickers machine. 

A. Hurlieh, 

P. T. Riffin, 

0 I ZxriVUJL. 

Supervised by; 

N. A. Matthews, 
Capt«, Ord. Dept,, 
Seer ,tary. Subcommittee for 

Cast Armor. 

M, Boloteky, 
Jr, Metallurgists. 
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Key to Platee Inveatlgated 
4» 

Data 
Sheet 

1 

Manufacturer 
Plate 

No. 

HV-2 

Heat 
No. 

H7-2 

i?ype 

.American Steel Foundries te-V 

2 Arnold Shglneerlng Co. A80 M128 Or-Mo 

3 Continental Roll&Steel Co. U009-3 1*009 Mn-Mo 

k Pord Motor Co. A5 — Mo-Ou 

5 Ford Motor Co. l67F m*m Mo-Cu 

6 Ford Motor Co. 955 — Cr-Mo 

7 General Steel Castings Corp. 6U5 5522* Mn-Mo 

8 General Steel Castings Corp. 657 D331MMC Mn-Cr-Mo 

9 Lebanon Steel Foundry A3 HS8935 Ni-Cr-Mo-Cu 

10 Pacific Car & Foundry Co. 2 1*28105 Si-Ko-Cu 

11 Pacific Car A Foundry Co. 9 UZB126 Mn-Si-Cu 

12 Pacific Car & Foundry Co. 10 U2B127 Mn-Si-Cu 

13 Pacific Car & Foundry Co. 11 U23128 Mn-Si-Cr-Ott 

1U Pacific Car & Foundry Cr. 12 U2B129 Mn-Sl-Cu 

15 Pratt & Letehworth Co, Inc. 1 ^13 Mn-Mo 

16 Pratt A Letehworth Co., Inc. 2 ^13 Mn-Mo 

17 Scullin Steel Co. X2 5092A Mn-Mo 

18 Seullin Steel Co. IB >-U21 Mn-Mo 

19 Sivyer Steel Castings Oo, X7 X7 Mn-Mo 

20 SiTyer Steel Castings Co. X7X X7 Mn-Mo 

21 Sivy er Steel Castings Co. 90 5577 Ni-Or-Mo-Cu 

22 Sivyer Steel Castings Co. 90X 5577 Ni-Cr-Mo-Cu 

23 Sivy er Steel Castings Co. 99 5596 Mn-Ni-Cr-Mo 

2U Sivyer Steel Castings Co. 99X 5596 Mn-Ni-Cr-Mo 

i 
27 

Synington-Gould Corp. 
S^mlngton-Geuld Cotp. 
Wehr Steel Co. 

2 
5-2 

AU-338 

»♦552 
»^52 

Mn-Mo 
Mn-Mo 

Ni-Cr-Mo 

28 Vehr Steel Co. «-332 — Ni-Cr-Mo 

'MMiUKaMh.v- 
■ 





B^IA SHSST 

Americai; Steel Foundries 

Heat - HV-2        Plate - HV-2        Thicknees ~ 1-5/8''       Acid Electric 

ChemiBtry 

C        Mn Si     S_    P      Ni    Cr    Ho    Cu   _V_      DeoxidiBer 
.29    1.52    751    .035   703^    —    —    —    —    .09    2# HC Fe Ti 

3# Ca Si 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise    Erg.  Soak    Coolant 

1825 - 8 Air 

1525 - 2 Water 

1175 - ^ Air 

Ballifltic Properties 

B.L. - 37MM M51AP - lUS0(+lll2)      PTP - 2^x2k      Shock; 

Brinell Hardness •• Crosa-Section 

Outside- 210 Midwall- 223 Center- 217 

Jominy Hardenability 

Hardness      ) Critical Cooling Hate - 350F/Sec      Zqaivalent) 
Penetration) 7/16« Plate )    liH 

Thickness ) 

Two Bead Veldablllty 

Single Bead VPN - U8g, Re - U5.5 Double Ber-d VPN - 333, Re - 33 

Micro structure and Remarks 

Sphercidized sorMte with approximately 15i» ferrlte rejected upon the 
quench,  Indicating somewhat lew hardenablllty 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 Siz* No. 7-8. 

T.S. - 101+.750 
Y.P. -   85.500 
% ZLon,^. •• 21.5 
% R.ü. - 52.8 
I zed - UU-.U5 
Brinell 

1 

- 226 

Shock; 75MK T12AP. 
PP (on conmnttlon 

Plate HV1). 
Passed. 
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oC00LIN0oRATE,0eS. F    PER SECOND AT   I300#F. 
o o  o     o   g    SOOOOQ o o     o «      o«^^     m 
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u 40 
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I t 8     4   S   • 7S»I0  12  14 Mltt0t«/40 
DltTANOE   FROM   WATER COOLED END OF STANDAR^2 

HAROENAIILITY RAR- tlXTISRTNt 
.FLATE 

NO. 
HEAT 

NO. C MM tl i P Nl OR HO V P£OX. 
OUENOHj 
TEN! TIME f i-l 

^•Hve HV-B .29 /.52 .4/ .03S .494 — — .09 /Sf5 ghr 7   1 
/)/ 1£/ f/C/l y ir^ ?£L /^o //v/v l/£S 



Ek-IA SHEET 

Arnold Zhgineeriag Co. 

Heat - M128        Plate - AgO      Thickness - 1.08" 

Cherlstry 

C       Mn      Si    _S_       P     Ni      Cr       Mo    Cu   _V 
.17    "3^   725    .010   70?+   —    1.26    ,83    —    — 

Heat Treatment Physical Properties 

leap.    Krs. Rise    Hrs.   Seal:    Ccolant T.S. - 1^,775 "  - „- ., Yp ^   91,210 

1 

1850 1 2 Air 

1525 1 1 Water 

f3 Llong. - 9.0 
5« E.A,      - lo.3 
Izod - IS 

Tempered to 30O-3IW Srinell. Brinell    - 321-3^ 

Ballistic Prooerties 
1 - 1 

3.L. - Cal..50 M2 AP - 2360 f/e     Jfim M51 AP - CP - 1-5/8"xl-S/S*. 
37 I-i-: K51 A?  (25°)  C? - CIP - 33 1-1/4x2". 

Passed. 

Brinell Hardness - Crcas-Section 

Outside- 285 liidwall- 2d9 Center- 285 

Jorrlny Hardena's 11 i ty 

Kardaess      ) Critical Cooling Rate - 350F/Seo      Equivalent) 
Penetration) 7/16" Plate )    li» 

Thickness  ) 

Two Bead WeldaMlity 

Single Bead VPN - 1+37, Re - U2.5 Double Bead VPN 360, Re - 36 

Mieroetructure and Remarkj 

Microstructure consists of patches of low carbon martensite and large 
ferrite grains containing islands of martensite aligned in cleavage planes. 
Due to the low carbon content it is imposBible to quench this steel to a 
unifona martensltic structure.    The steel has apparently not been tempered 
since it was impossible to obtain the desired hardness or. the quench. 
Very little dendritic segregation is present.    A,S,T.M,  Grain Size No. 3^ 
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^COOLING RATEfDE6. F    PER SECOND AT   I300#F. 
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1 t 3      4S67a»l0r2l4 Mltt0ftl/40 
OrtTANOE   PROM   WATER COOLED END OP STANDARI^2 

NARDCNAIIUTY IAR- SIXTEENTHS 
.PLATE 
1   NO. 

HEAT 
HO. C MM 

> 

SI S P HI OR HO 
OUENOHj 
TINS TIME •.fj 

71 A80. N/2Ö .17 .Ä 24 .0/0 .014 — /25 .83 ISZS BHK 

Af \NO L/>    . I HG* /V££ ^/AiS Ca 

• 
» 
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U&TA SHEET 

Continer.tal Roll and Steel Co. 

Heat - U005 

Cheplstry 

ness - 2. 18«        Acid O.H. 

Ko    Cu V 
.55   - — 

Physical Fropertiee 

T.S. - 120,600 
Y.P. - 101,850 
% Elong. -- 19.5 
56 R.Ä. - 52.7 
I^od - k 
Brinell - 229-2Ug 

C       Mr.      Si        S P     Ni    Or 
.32   .90   .29   .035   7052  —   — 

Heat Treatment 

Temp.    Hrs. Rise    Hrs.  Soak    Coolant 

1650 - g Air 

1550 - S Water 

1150 - 10 Furnace 

Ballistic Properties 

3.L. - 37^: M51 AP - 1953(+127)      PIP - 2-l/U"x2-l/2n      Shock;    75MM T12 AP. 
PP - SB.  BS - 
none. 
75^ KX1 Slug. 
CP, plate broke 
in 6 pieces. 

Brinell Kardneee - Cross-Section 

Outside- 232 Midwall- 226 Center- 232 

Jominy Kardenability 

Hardness      ) Critical Cooling Rate - 210F/Sec      Equivalent) 
Penetration) 10/l6" Plate )   2" 

Thickness ) 

Two Bead VeldaMlity 

Single Bead VPN - 5U2, Re - U9.5 Double Bend VPN - 390, Re - 37.5 

Microstruoture and Remarks 

Spheroidiied sorbite with sooe ferrite rejected upon the quench, in- 
dicating somewhat low hardenabllity for this section size,    A diffused 
dendritic segregation is rnrealed with a nital etch at a nagnification 
of X25.     A.S.T.M. Grain Site No. U-5. 

:t 
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COOLINO RATE,0E6. F    PER SECOND AT   I300«F. 
O  o   o OOO      O    £      QOOOOO O   o S    ~ 2«KU>« 

I t B      4    S   < 7 89 10   r2   14 I6lt808«740 
OrtTANOE   PROM   VATCR COOLED END OP STANDARI?2 

HARDENAtlLITY IAR- SIXTEENTHS 

^ 

i 

.PLATE 
i   NO. 

.NEAT 
1   NO. C MN SI S P Nl CR HO 

OUENOHj 
TEMRTMB M-l 

|   4009$ • fötfS .32 J90 ^9 .03f .042 .5-5 /fSO 4 i* 1 
CPI frtt ̂ £A T>IZ. /?< )LL /9/v *> i rf/ü U7. 
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BATA SHEET 

Ford Motor Co. 

Heat - Plate - A5 Thicknesa - ?.19" Basic Electric 

Chemistry 

C     _Mn   _Ji        S P      Hi    Cr     Mo      Cu   V 
.28    .79    .18   TÖ1?    .020   —    —    .52    .72   — 

Heat Treatment Physical Propertiea 

Temp.    Hrs. Rise   Hrs.  Soak   Coolant T.S. - 123,5^0 
Y.P. -108,500 

1950 - 10 Air % Slong. - 19.5 
56 H.A. - 52.5 

1650 - 5 Caustic Izod - U6.5 
Brlnell    - 2^1 

1750 - 5 Caustic 

1150 - 8 Air 

Ballistic Properties 

B.L. - 37MK M51 AP - 20U7(+2lU)      PTP - 2x2-3/U«      Shock.  75 MM MK1 proof slug. 
PP - S3, i" bow. 
Passed. 

Briuall HordneBS - Cross-Section 

Outside- 255 Midwall- 259 Center- 255 

Jomiry Hardnnability 

Hardness      ) Critical Cooling Rate - 90y/Sec Squivalant) 
Penetration) 17/l6» Plate )2-3/U'« 

Thickness  ) 

Two Bead Valdability 

Single Bead VPN - I493, »c - U7.5 Double Bead VPN - 360, Re - 35 

MicroBtructure end Remarks 

line» uniformly spheroidizad sorbite with a small amount of ferrite 
rejected on quenching, indicating satisfactory hardenability for this 
plate thickness.   This steel has a considi-rable degree of dendritic segre- 
gation with inclusions segregated in the interdendritio fillings. 
A.S.T.N. drain Site No. 2~3. 

m 





DAgA SHSST 

Ford Motor Co. 

Heat -   Plate - I67F   Thiclmess - 2.2y       Acid Electric 

J 

Chemistry 
C       Mn      Si   ^   _?    Ni    ^   JAo_   Cu_   V_ 

750 T?5  Ta^ —  —   —  —   .51   .71 — 

Heat Treatment Physical Fropertiee 

Teiap. Hre. Rise    Hra.  Soak    Coolant                    T.S.         -    115,000 
Y.P.          -    109.000 

1950 -                 10               Air                        % Elong. - 
% H.A. 

1750 5             Caustic                  Izod         -    2^.0 
Brinell   -    2Ug_262 

1150 8               Air 

Ballistic Properties 

B.L.  - 37MM M51 AP - lg79(+lg)    PTP - 2-3/Unx2-3/U"     Shock:    15M 712 AP. 
CP.   S3 on L3. 
Passed. 
75MM MK1 Slug. 
PP.   SC en LB. 
7" crack on face. 

Brinell Hardness - Cross-Section 

Outside- 2U8 Midwall- 255 Center- 255 

Jominy HardenaMlity 

Hardness      ) Critical Cooling Rate - 2607/Sec     Equivalent) 
Penetration) 9/l6H Plate )    l-3/U" 

Thickness ) 

Two Bead WeldaMlity 

Single Bead VP1I - U6U, Re - UU.5 Double Bead VPN   - 292. Ec - 30.5 

Micrcstructure and Remarks 

Partially spheroidized acicular scrbite with a slight amount of 
ferrlte rejected on the quench, indicating fair hardenabllity for this 
section size.    The steel is relatively clean.    A slight dendritic segre- 
gation is revealed with a nital etch at a magnification of X25.      A.S.T.M. 
Grain Size No. 6-7. 
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DATA SHSET 

Tord MBtor Co. 

Heat - Plate - 955 Thickness - 1.65H Acid Electric 

Chemistry 

C       Mn      Si    S     P      Ni    Cr     Mo    Cu   V 
.28   .53   .23   —   —   — "HS   .79   —   — 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise    Mrs,   Soak    Coolant T.S. - llU,500 
y.P. -    97,000 

1950 - 10 Air f> Elong. - 13.0 
ft R.A.      - 27.0 

l650 - 5 Caustic Izod - 29.0 
Brinell   - 241 

1750 - 5 Caustic 

1150 - 8 Air 

1 

Ballistic Properties 

B.L. - 37WtM51 AP - 15l6(+87)     PIP - 2x2-l/i+«      Shock;    75MM T12 AP. 
CP - SC on MB. 
Passed. 75MM MK1 
slug,    PP - SB, 
Bow 1-1/16». 

Brinell Hardness - Cross-Secticn 

Outside- 255 Midwall- 252 Center- 2Ul 

Jominy Hardenability 

Hardness      ) Critical Cooling Rate - 35e7/Sec Equivalent) 
Penetration) 7/l6" Plate ) li" 

Thickness ) 

Two Bead Veldahility 

Single Bead VPN - U83, Ro - U2 Double Bead VPN - 336, Re - 31.5 

Micro structure «nd Remarks 

Vine sphereidlsed sorhite with somewhat more ferrite rejected than 
in the case of lord Plate No. A5.    This steel possesses satisfactory 
hardenability for plate of this thickness, hut not to the degree shown .«. 
by Plate No, A5.    Considerable dendritic segregation is rerealed with a ^J 
nital etch at a magnification of X25*   A,S,I.M. Grain Site No. 6, 
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DATA SHEET 

General Steel Castings Corp. 

Heat - 5522M Plate - 6^5 Thickness - g-l/U"        Basic O.H. 

Cheml stry 

C       Mn 
.27   lM 

SI 
TTIo 

S       P 
.017    .022 

SI    Cr Mo    Cu 
.51   — 

Heat Treatment Physical Properties 

HTB. Rise    Hr s.  Soak   Coolant T.S.          - 125.000 

•• 

10 
k 
k 
k 

Air 
Air 

Water 
Air 

• 

Y.P.          - 107.500 
% ELong. - 17.0 
% R.A.       - 38.2 
Izod         - 56.3 
Brinell    - 252 

Ballistic Properties 

i 

2000 

1250 

1675 

1175 

B.L.(Companion Plate No.   6U6) 37MM M51 AP - 193b(4>6l) 
PTP - 2-3/8x2-7/16'' 
Shock(Plate No.  6U5) - 75MM T12 AP - PP,  S3.    Passed. 

Brinell Hardness - Cross-Section 

Outside- 255 Mldwall- 252 Center- 2U5 

Jomlny Kardennblllty 

Hardness      ) Critical Cooling Rate - 12°?/Sec      Equivalent) 
Penetration) lU/lS" Plate )    2-l/U" 

Thickness ) 

Two Bead VeldaMllty 

Single Bead VPN - 508, Re - U8.5 Double Bead VPN - 327, He - 32.5 

Micro structure and Remarks 

Somewhat spheroldized aclcular sorblte with occasional patches' of 
ferrlte rejected on quenching,  Indicating satisfactory hardenahlllty for 
this section size.    Considerable dendritic segregation Is i sealed with a 
nltal 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. 
Grraln Size No. 6-7« 
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DATA SHSET 

Oeaeral Steel Casting Co. 

Heat - 5531MMC       Plate - 657       Thicknese - 2.33"       Basic O.H. 

Ohemistry 

C       Mn SI        S P       Hi        Cr       Mo      Ou 
.28    1.58      "PiO      .017      .020     ~      .71      .52      — 

Heat Treatment Physical Properties 

Temp.    Hre. Rise   Hrs.  Soak    Coolant T.S. - 107,000 
pnnn TO Air Y'P- "   76'000 
2000 " ^ Alr 58 Elong. -    18.0 
1250 - U Air 5JR#A#      ,    30.5 
1675 - ^ Water itod -    51.3 
II75 _ U Air Brlnell   -    2UU 
1250 - U Air 

Ballistic Properties 

B.L. - 37MM M51 AP - 1979(+69)    PIP - 2-3/8x2-5/8"    Shock;    75MM T12 AP. 
PP - S3.    Passed. 

Brlnell Hardness - Croas-Section 

Outside- 212 Midwall- 220 Center- 223 

Jomlny Hardenabllity 

Hardness Penetration     Critical Cooling Rate     Equivalent Plate Thickness 

Air Hardening Steel 

Two Bead WelcLaMlity 

Single Bead ?PN - 530, Re - 50.5 Deutle Bead VPN - U17, Re - 39,5 

Micro structure and Remarks 

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

1 
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Lebanon Steel Foundry 

Heat - H3g935       Plate - A3        Thickness - 1"        Acid Mestric 

Cheni stry 

_£_     _Kn        Si S P Ni        Cr       Mo        Cu 
.19    .95    75«    .020    .035   T^T   7^   755    1.03 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise   Hrs. Soak    Coolant T.S. - lU2,000 
T.P. -105.000 

1900 - 5 Air to 1700 jj ja^g. , g#0 

1700 - - Water ^ R.A.      -32.1 

1575     -       ^       Water 

1075     -       5       Water 

Izod   - 12.0 
Brinell - 302 

Ballistic Properties 

B.I»,  Oal.  .50 AP Ml - 2223(4.23)    37MM M5UP - l-ll/^xl-^/ie«« 
37MW K51iP(«50> - PP.  SC en LB,    Passed. 

Brinell Hardness - Cross-Section 

Outside- 281 Midwall- 285 Center- 285 

Jominy Hardenability 

Hardness      ) Critical Cooling Rate - lU0F/Sec     Equivalent) 
Penetration) I3/16" Plate )    2-l/U» 

Thickness ) 

Two Bead Veldability 

Single Bead VPN - 1+68, Re - Vk Double Bead VPN - 373, Re - 37 

Micro structure and Remarks 

Acicular sorbite with no ferrite present, indicating excellent 
hcrdenabillty for this section size.    The Murakami etch shows very fine 
carbides vith a tendency to outline grain bcundnries.    A very homogeneous 
structure is revealed with a nital etch at a magnification of X25. 
A.S.T.M. Ort in Size No. 7. 
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DATA SHS2T i 
Pacific Car & Foundry Co. 

Heat - U23105 Plate - 2     Thickness - 2-l/l6" 

Chemistry 

C         Mn 
.20      .89 

Si          S           P        Ni      Cr       Mo 
.70     .017      .019     —     —     .^3 

Cr       Mo Cu 
-    ^3 l.U     • 

Pbysical Properties 

T.S. 102.350 
Y.P. 88,520 
/o Hong, - 2U.0 
5b H.A.      - 56.0 
Izod 
Brinell   - 217 

Heat Treatment 

Temp. Hrs. Rise Hrs. Soak Coolant 

1850            -                  7 Air 

1625 - 2 Water 

1250 - 2^ Furnace 

Ballistic Properties 

3.L. - 37MM M51 AP - 1795(+51)    FTP - 2-5/8,,xa-l/8"    Shock;    75NM T12 AP. 
PP.    Passed. 

Brinell Hardness - Croaa-Section 

Outside- 202 Kidwall- 207 Center- 207 

Jominy Hardenability 

Hardness      ) Critical Cooling Rate - U30P/Sec      Equivalent) 
Penetration) 6/l6" Plate )    l-l/U" 

Thickness ) 

Two Bead ^eldaUility 

Single Bead VPN - 38U, Re - 3U.5 Double Bead VPN - 302, Re - 25 

Micro structure and Remarks 

Spheroidized sortite with approximately 50/» ferrite, indicating very 
low hardenabillty for this section size.    The Murakami etch shows a ten- 
dency for carbides to outline the grain houndaries.    The steel is relatively 
clean and has a pronounced dendritic segregation revealed with a nital 
etch at a magnification of X25.      A.S.T.M. Grain Size finer than No. 8. 
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J1A2A SxtSIx 

Pacific Car & Foundry Co. 

Heat - U2B126       Plate - 9        Tbicknees - 2.lkn 

Kn Si 
.20      1.02      .?2 .021. 

Heat Treatment 

Temp.    Hrs,  Rise Krs.   Soa1: Cooltuit 

1S50            - 6             Air 
1000              - 2               Air 

1625              - 2 Water 

925              - 2               Air 

Chemistry 

P 
.018 

Ni Mo Cu 
~      -      1.75 

Physical Properties 

T.S. - 118,750 
Y.P. - 105.850 
So Elong. - 20.0 
^ H.A.      - 36.3 
Izod 
Brir.ell   - 252 

Ballistic Properties 

3.L. - 37MM ¥öl AP - lg89(+90)      PC - 2-3/8x3"      Shock;    75*^ T12 AP. 
PP -  S3.     Passed. 

Brinell Hardnees - Crcss-Sectior. 

Outside- 2Ul kldwall- 235 Center- 22$ 

Jominy Kardcrtability 

Hardness      ) Critical Cooling Rate - 106oF/sec.      Squivaler.t) 
Penetration)  3/16" Plate        ) 3/U" 

Ihickneea  ) 

Two Bead Weldabilltr 

Single Bead VPN - 285, He - 19.5 Double Bond VPII - 233. Re - lU,5 

l-.icrostructure and P-enrrka 

Small patches of sorMte and approximately 6&i> ferrite rejected upon 
the quench,  indicating very poor hardennhlllty for this section size. 
A slight amount of dendritic segregation la revealed with a nltal etch at 
a magnification of X25.    A very pronounced segregation cf nonmetallic in- 
clusions occurs in the interdendritic fillings.    A.S.T.M.  Grain Size No.  8-9. 
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IkT.1 SH3ST 

Pacific Snr & Toundry Co. 

Heat - U23127        Plate - 10        Thickness - 2.20" 

Cheni atry 

C Mn Si       S P        Ni      Cr      Mo     _Cu 
.a      1.09      .82     .011      .019      —      —      —     ITSl 

Heat Treatment Physical Properties 

leap.    Hrs. Rise    nrs.   Soolc    Coolant T.S. - 13U,£60 
1850 - 6 Air                     ^ 21ong> _ l6>0 

1000 - 2 Air                         ^ R.Ä.      - 36.9 

l625 - 2 Water 

1125 - 2 Air 

Izod 
Srinell    - 290 

Ballistic Properties 

3.L. - 37m M51 AP - 197o(+138)    PTP - 2-5/8x2-5/8"    Sl.ock;  75MH T12 AP. 
FP - SB.    Passed. 

Brinell HrrdnesR - Cross-Sect ion 

Outside- 29U Kidwall- 269 Center- 269 

Jominy Hardenability 

Hardness      ) Critical Cooling Kate - U30F/Sec      äquivalent) 
Penetration) 6/lb» Plate )    1-l/U" 

Thiclmess ) 

Two Bead Vieldability 

Single Bead VPN - U05, Re - 38 Double Bead VPN - 306, Re 29 

Microatructure and Romarks 

Acicular sorbite wita approximately U0/o ferrite rejected on the 
quench,  indicating low hardenability for tnis section size.    The Uurakami 
etch shows some tendency for the carbides to outline the grain boundaries. 
There is a pronounced segregation of inclusions in the interdendritic 
fillings of a slightly Beeregated dendritic structure.    A. S.T.M. Grain 
Size finer  than No. 8. 

-12- 





■MMMBV 
1 

DATA SHSET 

Pacific OPT & Foundry Co. 

Heat - U23125 Plate - 11 Thickness - 1.87'' 

CEBilSTRY 

Mix Si Hi Cr Mo        Cu       7 
^5 —      1.62     — 

Physical Properties 

T.S. - ios.750 
Y.P. -   57.550 
^ Slor.g. - 22.0 
1» P.. A. - 50.5 
Izod - 
Brir-ell - 252 

.20    1.05    .79 .017    .013 

Heat Treatment 

Tenp.    Hrs. Rise    HTB.  Soak Coolant 

1S50            -                  6 Air 

1000 - 2 Air 

1625 - 2 Water 

1125 - 2 Air 

Ballistic Properties 

B.L. - 37MM M51 iS - l60S(-fl2)    PTP - 2^x&.3/U     Shock; 75MM T12 AP. 
PP - MB.    Passed. 

Brinell Hnjrdness - Croaa-'Section 

Outside- 20U Mldwall- 197 Center- 201 

JoTainy Hardenability 

Hardness     ) Critical Cooling Rate - U30F/Sec     Equivalent) 
Penetration) 6/l6" Plate )   1-l/U" 

Thickness ) 

Two Bead Weldnbility 

Single Bead VPN - 376, Re - 33 Douhle Bead VPH - 279• He - 25.5 

Micro structure and Remarks 

Sphoroidized sorhlte with approximately 50^ ferrite rejected upon 
quenohing! indicating too low hardennMllty for this section size.   A 
aonewhat diffused dendritic segregation is revealed with a nital etch at 
a na^nlfication of X25.    Fairly clean steel.   A.S.T.K. Grnin Size finer 
than No, 8. 
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Pacific Crj & Foundry Co. 

Heat - U2B129       Plate - 12       Thickness - 1.89" 

Cheiaistry 

C Mn Si        S P       Ni      Cr     1^2.        Gu        V_ 
TR     1.08      Tiü      .023      .008     —      —      —      1.76      — 

Heat Troatr.ent Physical Properties 

Teap.    Hrs. Rise   Hrs.  Soak    Coolant T.S. - 109,700 
Y^ ^    9U.GOO 

1750 - U Air % Slong. - 20.5 
^   P.A. -   U2.1 

925 - li Air Izod -     - 
Brinell    - 252 

Ballistic Properties 

3.L. - 37Mi M51 AP - 1667(4-56)    PTP - 2-1/8x2-3/U"     Shock;    75WM T12 ^P. 
PP - KB,    Passed. 

Brinell H^röness - Cross Section 

Outside 159 Midwall- 207 Center- 210 

Jon in;' Hardenahility 

Hardness      ) Critical Cooling Eat0 - 5U0P/8ec.      Equivalent) 
Penetration) 5/16" Plate )    l-l/U" 

Thickness ) 

Two Seed V.'eldability 

Single Bead TPIT - 387, Re - 35.5 Double 3ead VP>' - 2^3, 2c - 23.5 

Micro structare and Reoarks 

Patches of fine pearlite and approximately 6C$> ferrite,  indicating 
very poor hardenability for this section size particulerly upon air 
cooling.    The Kurakoai etch duplicates the nltal and pioral etch.    A 
very honogeneous structure is revealed with a nital etch at a magnificat ion 
of X25.     A.S.T.K.   Grain Size No. C, 
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DATA SHEET 

Pratt & Letchworth Co.,  Inc. 

Heat - U13       Plate - 1        Thickness - LSS" 

Ghealstry 

Hi      Cr 

Basic O.H. 

C       Mn          Si 
.28   1.30   755 

S 
"ÖIü 

P 
.020 

aoÄt Treatment 

Temp.    Hrs. Rise   Hrs.  Soak Cbolant 

1725              -                   U Air 

1610            -                U Water 

1025            -                5 Air 

Mo     Cu Y 
.29     - - 

Physical Properties 

T.  S.        - 122,500 
Y.P. - 107,550 
i Hong. - 18.0 
$ H.A.      - U3.5 
Izod - 55.6 
3rinell   - 2Ug 

> 

Ballistic Properties 

?.L. - 37MM M51AP - 1750(+1^6)      PIT - 2|x2-3/U"     Sliock;  75 MH T12 AP 
PP, KB,    Passed. 
75 VM MK1  slug. 
CP, broke in two 
pieces. 

Brinell Hardness -» Cross-Section 

outside- 2U8 Mldwall- 2^1 Center- 23g 

Joniny Hardena'bility 

Hardnesa      ) Critical Cooling Kate - 35CF/Sec Equivalent) 
Penstration) 7/16« Plate ) li" 

Tliickness ) 

Two Bead Weldahility 

Single Bead VPH - U6U, Re - U3.5 Eouhle Bead VPN - 30U, Re - 2g.5 

Klqr < 9 true tor e and Remarks 

Soniraidized sarhite with considerable ferrite rejected upon quenching, 
indicating insufficient hardenahility frr this section size.    This plate 
shows practieally no dendritic  segregation revealed with a nltal etch at a 
jta^nlfication cf X25.      A.S.T.U. toraln Size No. 7. 
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Data Sheet 

Pratt & LetciiKerth Co.,  Inc 

Heat - Ul3        Plato - 2       Thickness - 

Chemistry 

C       Mr.        Si     S P      HI    Cr 
.28    1.30    75S   .01b    .020    —    — 

Heat Treatment 

Tciro.    Hro.  Rise    Hrs.  Soak    Coolant T.S. - 121,150  k.                                       y<p> _ lo6f050 

172- - U Air $ Elong. - 20.0 

iM ;ll Basic O.H. 

Mo Cu V 
.29 — — 

Physical Properties 

IblO - k Water 
% H.A.      - 52.0 
Izod - 5U.5 

1C25 - 5 Air Brinell    - 252 

Ballistic Properties 

?.L. - 37M1.1 M?l *P - lU9l(+203)      PTP - 2-l/U"x2-l/U"      a-.ock!  75MM T12 AT 
CP.  U" crack on 
LB.   75MK ME1 
slug.  CP. Broke 
in 2 pieces. 

Brlnell Hardness - Crooa-Sectlor. 

'hitside- 25? Midwall- 255 Center- 2^8 

Jominy Hardenability 

ILiriness      ) Critical  Cooling Rate - 300r/Sec Equivalent) 
Teaactration)   S/l6n Plate )  li" 

Thickness  ) 

Two Bead Weldability 

Single Bead VPN - U55, Re - kz Double Bead VPN - 312, Re - 29 

Klcrostructure and Remarks 

Spheroidized sarbite with mucn less ferrlte rejected on the quench then 
in the caae of Pratt and Letcliworth Plate I'o. 1.    Plate No.  2 possesses  fairly 
satisfactory hardenability for its section size.    Plates No, 1 and No.  2 
illustrate tne effect of nasa on the hardening ability of this conroosition; 
the tainner plate posaesoing the more satisfactory microstructure although 
both platoo of this steel have the pame hardenability.    A.S.T.M.  Grain  Size 
He 7. 
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LäTA SHSST 

Sc-ollin Ste 

Heat - 5092A       Plate - X2        Thickness - 2.13"        ^slc O.K. 

Ghenistry 

C Kn Si      _S_     _P_ Ni      Cr       Mo      Cu 
T3S     1.U6     ^     .01?      .03C --     —     '.7C     — 

Heat Trcataent Physical Properties 

Terry.    Hrs. Rise    Hrs.  Soak    Oolant T.S. - 136,500 
Y.P. -120,000 

1750 - 5 Air % Slon^. - 15.0 

1580 - 3 Water Brinell    - 269 

1CC0 - 7 Air 

Ballistic Properties 

3.L. - 37MM. M51 AP - 1538(+150)    PTP - 2-3/^x2-7/3"    Shock;  75MM T12 AP. 
PP - S3. 
Passed. 

Brinell Hardness - Croas-Section 

Outside- 281 Kidwall- 266 Center- 2^5 

Joainy Hardena"bility 

Hrxdness      !* Critical Cooling Rate - 26rF/3ec      Equivalent) 
Penetration) 9/l6" Plat? )    1-3/U" 

Thickness ) 

Two Bead Veldability 

Single Bead VPN - 572, Re - 51.5 Double Bead VPN - 322, Re -3U 

M.1 GJiL^J^jyi6- oad Renarke 

Acicular sortlte with approximately 20/i pro-eutectold ferrite,  indi- 
cating low hardenability for this section size.    The outer thirds of the 
cross-section showed no  segregation with a nital etch at a magnification 
rf X2t;, while the middle of the cress-section contained sone fairly well 
diffused dendritic segregation.    A.S.T.M.  Trrain Size finer than No» 8, 
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C  to   Si 
.33 1.51 758 

S    P 
.01U  Toib 

Heat Treatnent 

ISEE« lira. Hioe Krn. Scak Coolant 

1750 7 Air 

1580 3^ Water 

1220 7 Air 

EATA GH32T 

Syollin Steel Q- . 

Heat - 3-U21      Plate - X6      Thickness - 2.08"      Basic O.H. 

Che:..i3try 

m      Cr       !i.       Cu 
-      -      -39      — 

Posier1! Pr perti^c 

T.S. - 1.09,000 
Y.P. -    87,000 
p ZLor.g.  - 22.0 
;* R.A.      - UU.O 
I zed - U3-U5 
3rinell   - 235-2^0 

Ballistic Prcpartias 

3.L. - 3Ti-Ä w5l AP - 177l+(+18)     PIP - 2|x2^M      Shock;    75KM T12 AP. 
PP -  S3.    Pacsei. 

Brinell Kardnoss - Cr^an-Sectim 

Outsiic- 232 Midwall- 229 Ce-nter- 217 

Joainy Hardenapility 

H-iriiioga Per.otratijn      Critical Cooling Rate      Equivalent PlPte Thicknesr. 

Air Hardening Stocl 

Two Bead ^Weldability 

Single Bead VPH - 585. Re - 53-5 üoutle Bead VP1T - 373. Re - 36.5 

Ki or-'structure and Remarks 

V^ry uniforn,  cpherridized aorbite with no free ferritö,  indicating 
«oollant hardenapility for this sectien size,    A fairly pronounced den- 
iritic cesregatian is revealed with a nital etch at a magnification of 
X25.    The steel is relatively clean.    A.S.T.M.  Grain Size finer than ITo,  8. 
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Il&T* SeiZST 

- ► 

Sivyer Steel Castings Co. » 

Heat - X7         Plate - XJ        Thickness - 2.05"      Acid Zlectrlc 

Chenistry 

C        Mn         Si        S            P       Ni     Cr       Mo      Cu       V 
.27      1.2U      .33      .036      .022     —     —      .U9      —      — 

Heat Treataent                                           Physical Propertiec 

Tesip. Hrs. Rise   Hrs.  Soak    Coolant                   T.S.          ^ 110.000 

is»    e      s     Mr        V^e.: llf0 

1300 2 3 Air ji R.A.    -   55.5 

1575 * * Water Brine11   "    2U8 

120C U U Furnace 

Ballistic Properties 

B.L.  - 37MI4 M51 AP - 1735(+0)      PIP - 2^x2^"      Shockt    75MM T12 AP. 
PP - M3.    Ppssed. 
yym MKi siug. 
CP.    SC on L3. 

Brinell Hardness - Cross-Section 

Outside- 229 Midwall- 229 Center- 223 

Joniny Hardenability 

Hardness      ) Critical Cooling Rate - iG'T/Sec      Equivalent) 
Penetration) 12/l6" Plate )    2-l/U« 

Thickness ) 

Two Bead Weldability 

Single Bead VPN - 5I12, Re - U7.5 Double Bead VPN - 366, Re - 35.5 

Micro a true ture and Reoarks 

The micro structure consists of a coarse, partially spheroidlzed 
acieular sorbite with very little pro-eutectoid ferrite present,  indi- 
cating satisfactory hardeuability for this section size.    There is a 
pronounced tendency fcr the carbides to outline the grain boundaries. 
The inclusions are distributed in the inter dendritic fillings of a 
pronounced dendritic segregation.     A.S.T.M. Grain Size No.  6. 
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MIA SHEET 

Sivyer Steel GastingB Co. 

Heat - Z7  Plate - X7X   Thickness - 2.00" 

Chemistry 

Acid Electric 

C       MB       Si        S     _P_   Ni    Or 
.27   1725   .33   TÖ35    .022   —   — 

Heat Treatment 

Teng).    Hrs. Eise   Hrs. Soak   Coolant 

1700 6 k Air 

1300 2 3 Air 

1575 k U Water 

1200 k U Furnace 

Mo    Cu   V 

Physical Properties 

T.S.        - log.710 
Y.P. -   g8,U20 
i Hong. - 20.5    • 
$ R.A.      - 52.4 
Izod 
Brinell   - 2Ug 

i 

Ballistic Properties 

B.L. - 37KM M5UP - 1778(+78>      PTP - 2-l/^x2-5/gB      Shock;  75MM T12AP.   , 
PP - MB, Passed. 
75MM MK1 Slug. 
PP - SC on LB. 
Bow - 1-1/16«. 

Brinell Hardness - Cross-Section 

Outside- 232 Mldwall- 223 Center- 226 

Jominy HardenaMlity 

Hardnaes      ) Critical Cooling Bate - l60?/Bec.      equivalent) 
Penetration) 12/l6" Plate ) 2-l/U« 

Thickness ) 

Two Bead Weldability 

Single Bead VPN - 503, Re - U7,5 Double Bead VPH - 390, Re - 36 

Micro structure and Remarks 

Pairly coarse ipheroidiied sorbite with no pro-eutectoid ferrite, in- 
dicating excellent hardenability for this section size.   A well diffused 
dendritic segregation is revealed with a nital etch at a magnification cf 
X25.      A.S.I.M. Grain Site Ho.  5. 
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DäTA SHEET 

Sivyer Steel Caatlnga Co. 
* 

Heat - 5577       Plate - 90       Thickt 

Chemistry 

_C_   Jta   _Si        S P       Ni 
.23   .95   .23   T03S   .018   T51* 

Heat Treatment 

Temp.    Hra. Rise   Hre. Soak   Coolant 

1900 6 8 Air 

1300 2 3 ü.ir 

1550 U U Water 

1175 6 8 Air 

ess - 2.14" Acid Electric 

Cr Mo      Cu V 
.71 .51  1.01 — 

Physical Properties 

T.S. 125.050 
Y.P. 108,150 
1» Blong. - 19.5 
$ H.A.      - 55.5 
Charpy 28.8 
Brinell    - 262-269 

Ballistic Properties 

B.L. - 37MM M5LAP - 2023(^179)      PTP - 2,,x2"      Shock;    75I-M T12ÄP. 
PP - S3. Passed. 

Brinell Hardness - Cross-Section 

Outside- 273 Midwall- 277 Center- 277 

Joniny Hardenability 

Hardness Penetration     Critical Cooling Hate     Equivalent Plate Thickness 

Air Hardening Steal 

Two Bead Weldability 

Single Bead VPH - U93, He - U7 Double Bead VPH - UOl, He - 35.5 

Microstructure and Hemarks 

Partially spheroidised aeioular sorhite with no pro-eutectoid ferrite, 
indicating excellent hardenability.    The nonmetallie inclusions are segre- 
gated in the inter dendritic fillings of a vary veil diffused dendritic 
segregation revealed by a nital etoh at a magnification of X25.      A. S.T.M. 
Grain Sise No. 5-6. 
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Ten£. Krs. Hi se Hrs . Soak Coolant 

1650 3 k Air 

1300 2 3 Air 

1550 U U Water 

1175 6 8 Air 

DATA SHEgT 

Sivyer Steel Castings Co. 

Keat - 5577      Plate - 90X      Thickness - 2.11"      Acid Slectric 

Chemistry 

C       Mn    Si        S P       Ni    _Cr    _Mo      gu     V_ 
.23    .55 .23   TÖ3S   .018   75^   .71    .51    i.ci   — 

Heat Treatment Physical Properties 

T.S. - 121,800 
Y.P. - IO5.OOC 
i Slong. - 19.0 
% R.A. - 5U.7 
Sharpy - 30.U 
Brinell    - 262-2^9 

Ballistic Properties 

3.L. - 371*; M51AP - 1910(+1^4)      PTP - If "x2n      Shock;    75MI-: T12nP. 
PP - S3.    Passed. 

Brinell Hardness - Cross-Section 

Outside- 277 Midwall- 265 Center- 269 

Joniny Hardenabi1ity 

Hardness Penetration      Critical Cooling Hate      Squivalent Plata Thickness 

Air Hardening Steel 

Two ~»ead WeldaMlity 

Single Bead VPN - U88, Re - U6.5 Douhle Bead VPN - 351, Re - 33.5 

Micro structure and Remarks 

Somewhat nonuniform enrbite partially spheroidized and no pro-eutectoid 
ferrlte present,  indicating excellent hardenability.    The nonmetallic inclu- 
Bicns are segregated in the interdendritic fillings of a diffuse dendritic 
segregation revealed by a nital etch at a magnification of X25.    A.S.T.M, 
Grain Size No. 6. 
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DATA SHET 

Sivyer Steel Caatlnga Co. 

Heat - 5596       Plate - 99        Thickness - 2.22,l       Acid Electric 

Chenistry 

C       Mn        SI '     S P       Ni    J3r      Mo    Cu   j; 
.31   1.06   .25   .03g   .019  TW   .59   759   —  — 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise    Hrs.   Soak    Coolant T.S. - 118,350 

W00 6 6 *lr "nong. I ails'50 

1300 2 3 Air % E.A.     - 57.2 
Charpy      - 33»5 

1550 k k Water Brinell    - 248-255 
1200 6 g Air 

Ballietic Properties 

B.L. - 37MivI M51AP - 19W+(+112)      PTP - 1^x2''      Shock;    75KM T12AP. 
PP - S3.    Passed. 

Brinell Hardness - Croae-Section 

Outside- 2^1 Midwall- 2Ul        Center- 2^1 

Jominy Hardenebility 

Hardness Penetration      Critical Cooling >1pte      Equivalent Plate Thickness 

Air Hardening Steel 

Two Bead VeldaMlity 

Single Bead VPN - 508, Re - kj Double Bead VPN - 1*09, Re - 39 

Micro structure and Renarks 

Finely spheroidlzed eorblte with no ferrite present, indicating ex- 
cellent bardenability for this section size.    A very well diffused structure 
is revealed with a nital etoh at a magnification cf X25. The ncnnetallic 
Inclusions are segregated in the inter dendritic fillings. A. S.T.K. Oraln 
Size No. 7* 

1 
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1650 3 U Air 

1300 2 3 Air 

1550 U U Water 

1200 6 8 Air 

DATA SHEST 

Sivyer Steel Castings Co. 

Heat - 5596       Plate - 99X       Thickness - 2.23"        Acid Electric 

Chemistry 

C        Mn        Si       S P Ni    _Cr      Mo    3u   JT 
.31    iToS    .25     .038    .019    75?    .59    T1^   —    — 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise    Hrs.   Soak    Coolant T.S. - 115,900 
^ " """■  Y.P. -    9ö,650 

56 Elong. - 23.0 
5b E.A. - 57.8 
Charpy - 33.5 
Brinell - 2^8-255 

Ballistic Properties 

3.L. - 37Mfo M51AP - 19g8(-4-150)      PTP-l-7/Sx2-l/U"        Shock!    75MM T12AP. 
PP - S3. Passed. 

Brinell Hardness - Cross-.Section 

Outside- 238 Midwall- 2U5 Center- 2U5 

Jominy Hardenateility 

Hardness Penetration      Critical Cooling Rate      Equivalent Plate Thickness 

Air Hardening Steel 

Two Bead Veldability 

Single Bead VPN - 51?, Re Ug,5 Double Bead VPN - 339, Re - 3I+.5 

Kioroatructure and Remarks 

Pine uniformly sphfroidized eorbite 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 nltal etch at a Dagniiication of X25.    A, S.T.M. 
Oraln Size No.  6. 
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glgA SHUT 

Synlngton-Qould Oorp. 

HMt - U552      Plat* - 2       Thickneea - I.U9*       Basic O.K. 

Chtniatry 

C      Jto     JSi        S P     Ni    Or     Mo    Ou   JT 
Ti? 1725 .3s 7515 7025 — ~ 755 — — 

H«at Trtatmeat Physical Propertie» 

Tsip«    tos. Hiss   Hrs. Soak   Ooolsnt T.S. - 137,700 
«   99.500 

1700 - 4 Mr £ Hong. - 13.0 

^ - U Watsr }^     I G'! *) - 58 
1200 - U Air Brinsll   - 237-2W; 

Ballistio Propsrtiss 

B.L. - 37MM M5UP - 1U95(+201)      PIP - 2-l/Ux2-5/8"      Shock»    75MM T12AF. 
PP - SB. 
Passed. 

Brinsll Hardnsss - Oross-Ssotion 

Outsids- 273 Mldwall- 273        Centsr- 266 

Jeminy Hsrdsnability 

Hardnsss     ) Oritieal Cooling Bats - 210f/8sc Iquiralsnt) 
Psnstration) 10/l6" Plats ) 2 

Thiöknsss ) 

Two Bsad Wsldability 

Singls Bsad VPH - 5lU. Re - Ul.5 Double Bead VPN - 351. Re - 3l*.5 

Miorostruotia's and Rwnsrks 

Ubifora, finely spheroidised sorbite with very little free ferrlte, 
indicating sxosllsnt hardsnahility for thla section siss.    A very slight 
degree of dendritic ssgregation is revealed with a nital etch at a magni- 
fication of X25.     A.8.T.N. Grain Slse No. 7-8. 

H 
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DATA SHEET 

Symington-Gould Corp. 

Heat - 4552     Plate - 5-2      Thickness - 1.S9"     Basic O.H. 

Chemi stry 

C       Mn        SI      S P        Ni    Cr     Mo    Cu   _V 
715 05  .3g  7015   ,02U  —  — Tio —  — 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise   Hrs.  Soak    Coolant T.S. - 1^9.050 
"'   ' '' "'"" y.p. - 136,-750 

1700 ~ k kit $ Elong. - 11.0 
i R.A. - 31.1 

l600 - ^ Water Izod -    — 
Brinell - 229-269 

1200              -                   5                Air 

Ballistic Properties 

B.L. - 37Mh M51 AP - IsUe^lS1*)      PIP - 2-l/4"x2-3/U"      Shock;  75M:: T12 AP. 
PP - S3. 
Passed. 

Brinell Hardness - Cross-Section 

Outside- 277 Midwall- 262 Center- 255 

Jomlny Hardenabllity 

Hardness      ) Critical Cooling Bute - 260F/Sec Equivalent) 
Penetration) 9/l6l, Plate ) l-3/Un 

Thickness ) 

Two Bead WeldaMllty 

Single Bead VPK - 508, Bo - U8.5 Douhle Bead VPN - 35U. Re - 37 

Kicrostructure and Remarks 

Spheroldiied aortltd with approximately 20$ ferrite,  indicating In- 
sufficient hardenabilit:   for this section site.    The inclusions are dis- 
tributed In the Interdtwdrltlo fillings of a pronounced dendritic structure 
revealed with a nital etch at a magnification of X25.    A.S.T.M. Grain Site 
No. 7. 

Sbrmington-Gould Plates No. 2 and No. 5-2 indicate the effect of mass 
on the hardening ability of steel.    The thinner plate has the more satis- 
factory micro structure because of the more effective herdenln» of the 
smaller section. 
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PITA SHEET 

Wehr Stacl Co, 

Heat -    Plats - AU-33g   Thickness - l.Sk"       Acid Slectric 

Cheaistry 

_C_   Jto   _Si    _S_       P       Nl      Cr     Uo    Cu   J7 
.30    .98    .50   .032    .030   33   T^g   TF   —   — 

Heat Treatment Physical Properties 

Temp.    Hrs. Rise    Hrs.  Soak    Coolant T.S. - llU.OOO 
: Y.P. -    93.SOO 

1825 ~ 6 Air ^ nong. - 18.0 
5& k.A. - 31.6 
Izod -35-^1 

1200 - 8 Ice to 1100 Brlnell - 255 
Water 

1650 - k Water 

Ballistic Properties 

3.L. - 37Mfc M51AP - l6ll(+199)      PTP - 2^x2-15/16"     Shock;  75I-IM IISAP. 
PP - SC on MB. 
Passed.    75MM 
MK1 slug.    PP - 
SC on K3. 

Brlnell Hardness - Cross-Section 

Out-ids-    33 Midwall- 232 Center- 232 

Jominy HardenaMlity 

Hardness Penetration 0/5^1cal Cooling Rate Equivalent Plate Thickness 

kit Hardening Steel 

gw  Bead Weldability 

Single 3cad YPK -  331    Ic   • 50.5 Double Bead VPN -  360, Re - 37.5 

UXftti^t?ncture and Hemarks 

Some*h.a ■ onunilor:     R^Vyroldited soroite with no pro-eucectoid ferrlte, 
indicating e>.-ellent hardciHci lity for this section size.    The nonmetallic 
inclunlons axe segregated it %h* interdendritic fillings of a well diffused 
dendritic segregation.   A.S.i.M. Grain Size TSo. 8. 
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Hrs. Ri se Hrs .   Sc ak Ccolont 

- r 
D Air 

- U Wat er 

- u Wat er 

- 6 Air 

Ballistic Properties 

Welir Steel Co. 

Heat -        Plate - W2-332        Thickness - I.U9" SLectric 

Chemistry 

C        Mn      Si      S_     P_      Ki        Cr Ko    Cu     3eoxidi7.er 
.2?    .78    .35    .033    .035    LOO    .51 750    — 2#A1 

Heat Treatiuont Pn^-sical Properties 

Temp.    Hrs. Rise    Hrs.   Scak    Ccolont T.S. - 131,500 
^          ' Y.P. -114,000 

1S25             -                    b               Air $ I:long< _ 12>0 

1575              -                    U             Water ?b H.A. - 22.7 

1^0              -                    U             Water Izcd " 19-0 
1W0                                    4              Water Brinell - 277 
1100 

B.L.  - 37MK M5LÄP - lUUg(+l^)      PTP - 2-3/8x2-3/8      Shock:     75MK T12AP. 
PP. Possed. 

Brinell Hardness - Cross-Section 

Outsido- 269 Midwall- 252 Center- 2^5 

Jominy Hai'denability 

Hardness      ) Critical Cooling Rote - 30
O
F/SPC Equivalent) 

Penetration) S/lo" Plate )  ll" 
Thickness  ) 

Two Bead VJeldability 

Single Bead VPN - U59, Re - U1+.5 Double Bead VP1I - 325. Re - 32.5 

KicrostructUTP and Remarks 

Spheroidized sorbite with patches cf ncicular ferrite,   indicating 
rather low hardennbility for t^is section size,    .i very hemegeneous struc- 
ture is revealed with a nital etch at a mngnification of X25.    There is a 
very pronounced segregation of the inclusions in the interdendritic fillings, 
A.S.T.M. Groin Size No.  8. 
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