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STEEL SHEET, STRIP, AND PLATE
0.75Cr - 9, 0Ni - 4.5Co - 1.0Mo - 0.09V (0. 17 - 0.23C)
Premium Quality, Consumable Electrode Melted, Annealed
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E338 - Sharp-Nobch Tension Testing of High-Strength Sheet Materials
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g g 2 1.1 Form: This specification covers a premium-quality alloy steel in the form of sheg t, strip, and
ze z ' plate. ’
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£ : 2 1.2 Appligation: Primarily for heat treated parts, such as pressure vessels, réquiring] through-harden-
£ %.’5 ing to[high strength and toughness levels and where such parts may require welding|during fabrica-
L€ tion.
5o 8 o . )
gg ; 2. APPLICABLE DOCUMENTS: The following publications form a part-of this specification to the extent
S E§ specified herein. The latest issue of Aerospace Material Specifiéations (AMS) shall apply. The
.:: § 3 applicablle iSsue of other documents shall be as specified in AMS 2350.
s2 ey
5w 8 - : ! '
g-g 2 g 2.1 BSAE Publications Available from Soclety of Automotlve Engineers Inc. 400 Comnonwealth
£8%d Drive| Warrendale, PA 15096.
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su g é 2.1.1 Aerdspace Material Speciﬂcations:
™
SES
Q5§§ AMS| 2252 - Tolerances, Low-Alloy Steel Sheet Strip, and Plate
g E AMS| 2259 - Chemical Check Analysis Litits, Wrought Low-Alloy and Carbon Stedls
€8 AMS 2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle Inspeotlo_n Procedure
BE AMS 2350 - Standards and Test Methods o
§§§ AMS 2370 - Quality Assurance Sampling of Carbon and Low—Alloy Steels, Wrought| Products
£ g Except Forgings and Forgmg Stock ,
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z 2.2  ASTM| Publications: Available from American Society for Testing and Materials 1916 Race Street,
§ Philacelphla, PA 19103. B
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"“All technical reports, including standards approved and pr:

s is entirel N
mulating and approving technical reports

ASTM E399 - Plane-Strain Fracture Toughness of Metalhc Materials

g
g éé 2 2.3 Government Publications: Available from Comma.ndmg Officer, Naval Publications and Forms
G 5 Center, 5801 Tabor Avenue, Philadelphia, PA 19120.
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355t 2.3.1" Federal Standards: '
aE®s
£83% Federal Test Method Standard No. 151 - Metals; Test Methods
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S3>2| 2.3.2 Military Standards:
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33 % MIL-STD-163 - Steel Mill Products, Preparation for Shipment and Storage
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3. TECHNICAL REQUIRE MENTS:

3.1 Composition: Shall conform to the following percentages by weight, determined by wet chemical methods

in accordance with ASTM E350, by spectrographic methods in accordance with Federal Test Method
Standard No. 151, Method 112 or by other analytical methods approved by purchaser:
min max

Carbon ' 0.17 - 0. 23

Manganese 0.20 - 0,40

Silicon - 0.20

Phosphorus ' ‘ --  0.010

Sulfur - 0.010

Chromium 0.65 -0.85

Nickel 8.50 - 9.50

Cobalt 4.25-4.75

Molybdenum 0.90 ~-1.10

Vanadium 0.06 -0.12

Copper --  0.35

3.1.1 Check Analysis: Composition variations shall meet the applicable‘\requirements of ANIS 2259.

3.2 Condition: The product shall be supplied in the following condition; hardness shall be de¢termined in
accordange with ASTM A370:

3.2.1 Sheet apd Strip: Cold finished, bright or atmosphere annealed, and descaled if necesdary; or hot
rolled, [annealed, and descaled; having hardness.not higher than 36 HRC or equivalent| Q

3.2.2 Plate: [Hot rolled, annealed, and descaled,-having hardness not higher than 36 HRC or equivalent.

3.2.2.1 Whep normalized and tempered plate'is specified, hardness shall be not higher thah 40 HRC or
equivalent.

3.3 DPropertigs: The product shall conform to the following requirements; hardness and tensile testing shall
be performed in accordance with ASTM A370:

3.3.1 Macrostructure: Visudl examination of specimens as in 4. 3.1, etched in accordance with ASTM A604
in hot Tdrochloric acid (1:1) at 160° - 180°F (70° - 80°C) for sufficient time to develpp a well-defined
macrosfructure, (shall show no pipe or cracks. Porosity, segregation, inclusions, and other

imperfdctions, shall be no worse than the following macrographs of ASTM A604:

d Class Condition Severity
1 Freckles B
2 White Spots C
3 Radial Segregation C
4 Ring Pattern C

3.3.2 Grain Size: Predominantly 5 or finer with occasional grains as large as 3 permissible, determined in -
g accordance with ASTM E112,

8. 3.3 Micro-Inclusion Rating .Two~thirds of the total number of specimens, as .well as the average of all

specimens, shall not exceed the following limits, determined in accordance with ASTM E45, Method
D, except that the leng'th of any inclusion shall be not greater than 0. 015 in. (0 38 mm)
- " e - '. Inclusmn Ratmg. Worst Field B o :
: : Type A B C D _
R R NN R Ry O j:}_:v,» 1.5 - 1, 55 195 o 2, Qe e ga e Ry VR e e Tl s
"~ Heavy 1o 1.0 1.0 1.5
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3.3.4 Decarburization:

3.3.4.1. Product,Under 0. 645 In, (1.14 n;m) in Nominal Thickness: The method of iest and the allowance
' sha}l be as agreed upon by pl}rg:haser and vendor. o .

P

[
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3.3.4.2 Product 0.045 to 0. 375 In. (1.14 to 9.52 mm), Excl, in Nominal Thickness:

3.3.4.2.1 Specimens: Shall be the full thickness of the product except that specimens from plate over -
0.249 in. (6.32 mm) thick shall be slices approximately 0. 250 in.” (6. 35 mm) thick cut parallel to .
and preserving one original surface of the plate. Recommended specimen gize is 1x 4 in, A
(25 x 100 mm). e

3.3.4.2.2 -Procedure: Specimens shall be hardened by a i nching; ly, they shall not
-be fempered but, if tempered, the tempering temperature shall be not higher th:t 300°F (149°C).
+Duting heat treatment, specimens shall be protected by siitable atmosphere, 0t Thedium or by suit-
ablE plating to'prevent carburization or further decarburization. ~ Protective plating, if used, shall

’ theh be removed from specimens of product 0. 045 to 0,250 in, (1.14 to-6.35 mm), excl, in nominal
thi¢kness and a portion of the specimen shall be ground to a depth of 02050 in. (127 mm) or one- .
half thickness, whichever is less. ‘ Specithens from product 0. 250 ©6-0. 375-in. (6,35 t0 9.52 mm),
excl, in nominal thickness shall be'ground to remove 0.020 in. (0,51 mm) of methl from the
original surface of the plate and a portion of the specimen shall be further ground to a depth of at
least one-third the original thickness of the specimen, Atdeast three Rockwell hirdness readings
shall be taken on each prepared step and each group of readings averaged.

3.3.4.2.3 :A_li)wance:

3.3.4.2.3.1 Product 0.045 to0 0. 250 In. (1.14 to 6.35 mm), ‘Execl, in Nominal Thickness: The product shall
", show no layer of complete decarburization, determined microscopically at a magnification not
" ¢xceeding 100X. It shall also be free from partial decarburization to the extent that the
ifference in hardness below the original surface and the portion ground as in §. 3.4. 2. 2 shall
. Be not gréater than 2 units on the Rockwell "A" scale.

3.3.4.2.3.2 oduct 0. 250 to 0. 375 In. (6.85 t0 9.52 mm), Excl, in Nominal Thickness: Shall be free from
ecarburization to the extent that the difference in hardness between the two prepared steps
hall be not greater than 3 units on the Rockwell ""A" gcale.

3.3.4.3 Prodfict 0.375 In. (9.52 mh) and Over in Nominal Thickness: The total décarburihjation, determined

micrgscopically at a magnification not exceeding 100X on the as-supplied plate, shall be not greater
than ghown in Table'L: : . :

TABLE 1 ;

1 +

.. Nominal Thickness . . Depth of Decarburization
Inches . —Inch

.y, 0.375100.500, incl ... .0.015
Over 0. 500 to 1.000, incl . 0.025
Over 1.000 to 2.000, incl T 0.035
Over 2. 000 As agreed upon

TABLE I (8)

Nominal Thickness Depth of Decarburization
Millimetres Millimetre o

. v v i . o 4

oo 952 to 12. 70, incl . 0.38
Over 12.70 to 25.40, incl o 0.64
~,Over25.40 t050.80, incl~ - " .0.89
" Over 50.80 _ As agreed upon

PR
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3.3.5 Properties After Heat Treatment: The product shall have the following properties after being

normalized by heating to 1650°F +25 (900°C + 15), holding at heat for 1 hr per inch (25 mm) of
maximum cross-section, and cooling in air or wafer to room temperature,-hardened by heating
to 1525°F + 25 (830°C =+ 15), holding at heat for 1 hr per inch (25 mm) of maximum cross-section
but not less than 1 hr, and quenching in oil or water, and tempered (See 8. 2) by heating to 1025°F
+15 (540°C +8), holding at heat for 4 - 8 hr, ‘and suitably cooling to room temperature:

3.3.5.1 Tensile Properties: Shall be as specified in Table IL

TABLE II
Reduction
: of Area
Tensile Yield Strength - Elongation (rognd
Nomninal Thickness Strength at 0. 2% Offset in 2 in. or 4D (.specimens)
Inches psi, min psi, min %, min %, min
Upfto 0.250, excl 190,000 175,000 5 45
0.250 and over 190,000 175,000 10 : 4%
 TABLE II (ST)
Redug¢tion
of Area
Tensile Yield Strength Elongation (ropind
Ndminal Thickness Strength at 0.2% Offset in 50 mm or 4D  specipens)
Millimetres -MPa, min MPga, ‘min %, min %, min
Up|to 6.35, excl 1310 1207 b 45
6. 35 and Over 1310 1207 10 45

3.3.5.2 Hapdness: Should be not lowef than 41 HRC or ‘ec';uivalent but the product shall not be rejected on
the| basis of hardness if the tensile property requirements of 3.3.5.1 are met.

3.3.5.3 Fracture Toughness: Whe_n specified, product shall be subjected to fracture toughness testing.
Melthod of test and standards for acceptance shall be as agreed upon by purchager and '
vendor. ASTM E338°'is a suggested method of test for sheet. ASTM E399 is a suggested method of

test for plate,

3.4 Quality

3.4.1 Steel sKall'be premium quality conforming to AMS 2300. It shall be multiple meltedlusing vacuum
consumable E1eciTods Process I the remett tycte: .

3.4.2 The product, as rece1ved‘by purchaser, shall be uniform in quality>and condition, sound, and free
¢ from foreign materials and from internal and external imperfectlons detnmental to usage of the

product.

3.5 Tolerances: Unless otherwise specified, bolerances shall conform to all applicable requirements of
AMS 2252, < -

4. QUALITY ASSURANCE PROVISIONS:'

4.1 Responsibility for Inspection: The vendor of the product shall supply all samples and shall be respon- |
sible for performing all required tests. Results of such tests shall be reported to the purchaser as re-
quired by 4.4. Purchaser reserves the right to perform such conflrmabory testing as he deems
necessary to ensure that the'product conforms to the requirements of this specification.
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