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3. TECHNICAL REQ
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Table 1 - Composition

3.1.1
Composition variations
3.2 Melting Practice
Steel shall be multiple

3.3 Condition

The product shall be siipplied in the following condition; hardnhess shall be determined in accordang

3.3.1 Bars

Normalized and annea
not be cut from plate (3

3.3.2 Forgings
Normalized and annea

3.3.3 Forging Stock

Check Analysis$

Element Min Max
Carbon 0.28 0.32
Manganese -- 0.1
Silicon - 0.1
Phosphorus -- 0.008
Sulfur -- 0.006
Chromium 0.7 1.3
Nickel 9.5 10.5
Cobalt 6.6 7.4
Molybdenum 1.8 2.2
Tungsten 1.1 1.5
Titanium -- 0.045
Aluminum - 0.01
Vanadium 0.04 0.16
Oxygen -- 0.0020 (20 ppm)
Nitrogen -- 0.0015 (15 ppm)

p

shall meet the applicable requirements of AMS2259.

melted using vacuum induction melting followed by vacuum arc remelting.

ed, having hardness not-higher than 429 HB or equivalent (see 8.2), and gro

Iso see 4.4.2).

ed, having-hardness not higher than 429 HB or equivalent (see 8.2), and de

As ordered by the forg

g-manufacturer.

e with ASTM A370:

Lind or turned. Bar shall

scaled.

3.4 Heat Treatment

Shall conform to the following:

3.4.1 Bars and Forgi

ngs

Shall be normalized by heating to 1965 °F + 25 °F (1074 °C + 14 °C) for a time commensurate with section thickness,
60 minutes minimum, and cooling in air to room temperature, and annealed by heating to between 1155 °F and 1255 °F
(624 °C and 679 °C), holding at heat for 8 hours minimum, and air cooled. Pyrometry shall be in accordance with AMS2750.

3.4.2 Forging Stock

As ordered by the forgi

ng manufacturer.
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3.5 Properties

The product shall conform to the following requirements.:

3.5.1

Macrostructure

Visual examination of transverse full cross-sections from bars, billets, and forging stock, etched in hot hydrochloric acid in
accordance with ASTM A604, shall show no pipe or cracks. Porosity, segregation, inclusions, and other imperfections shall
be no worse than the macrostructure limits of ASTM A604 shown in Table 2.

3.5.2 Micro-Inclusiorn

No specimen shall exc|

Table 2 - Macrostructure limits

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

Rating of Each Heat
bed the limits shown in Table 3 determined in accordance with ASTM E45, M

Table 3 - Micro-inclusion rating dimits

ethod D.

A A B B C C D D
Type Thin  Heavy cfhin Heavy Thin  Heavy [Thin Heavy
Worst Field Seyerity 1.5 1.0>°1.5 1.0 1.5 1.0 1.5 1.0
Worst Field Frgquency, maximum (a) 1 (a) 1 (a) 1 3 1
Total Rateable |Fields, Frequency, maximum  (b) 1 (b) 1 (b) 1 8 1

(a) Combined
(b) Combined

3.5.3 Response to H

3.5.3.1 Barsand Fo
Test specimens in the
under in cross-sectiona
solution treated by hea
in oil (or equivalent), c
room temperature; and
cooling in air (or equiva

A+B+C; not more than three fields,
A+B+C; not more than eight fields:

eat Treatment
rgings

normalized and annhealed condition as specified in 3.4.1, cut from product

| area, shall.meet the properties specified in 3.5.3.1.1, 3.5.3.1.2, 3.5.3.1.3, a
ing to 1940.°F £ 25 °F (1060 °C £ 14 °C), holding at heat for 60 minutes + 30
boling to<100 °F (-73 °C) or lower, holding at temperature for minimum 1 h
tempered by heating to 960 °F + 12 °F (516 °C + 7 °F), holding at heat for 1
lent):

189 in? (1219 cm?) and
nd 3.5.3.1.4 after being
-0 minutes, quenching
bur, and air warming to
0 hours * 2 hours, and

3.5.3.1.1

Tensile Properties

In accordance with ASTM A370. Unless otherwise specified, the strain rate shall be set at 0.005 in/in/min
(0.005 mm/mm/min) and maintained within a tolerance of £0.002 in/in/min (0.002 mm/mm/min) through 0.2% offset yield
strain. After the yield strain, the speed of the testing machine shall be set between 0.05 in/in and 0.5 in/in (0.05 mm/mm
and 0.5 mm/mm) of the length of the reduced section (or distance between the grips for specimens not having a reduced
section) per minute. Alternatively, an extensometer and strain rate indicator may be used to set the strain rate between

0.05 in/in/min and 0.5 i

n/in/min (0.05 mm/mm/min and 0.5 mm/mm/min).
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3.5.3.1.11

Longitudinal

Shall be as shown in Table 4; testing in the longitudinal direction need not be performed on product tested in the transverse

direction.
Table 4 - Minimum longitudinal tensile properties
Property Value

Tensile Strength 285 ksi (1965 MPa)
Yield Strength at 0.2% Offset 240 ksi (1655 MPa)
Elongation in 4D 10%
Reduction of Area 55%

3.5.3.1.1.2 Transverse

Shall be as shown in T
properties apply only tq

3.5.3.1.2 Hardness

Shall be not lower than

3.5.3.1.3 Fracture T
Shall be not lower thar]
longitudinal LS or LR ¢
precludes use of speci
be acceptable.

3.5.3.1.3.1  Invalid t
accepte
exceeds

a. B<2.5(Kqg/Oty)2

J

Able 5, determined on specimens selected and prepared in accordance with
product from which tensile specimens not less than 2.50 inches (63%-mm)

Table 5 - Minimum transverse tensile properties

Value
285 ksi (1965 MPa)
240 ksij (1655 MPa)
10%
45%

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D
Reduction of Area

53 HRC or equivalent (see 8.2) in accordance with ASTM A370.

bughness

100 ksi Vinch (110 MPa {/m) Kic, determined in accordance with ASTM E3
rientation from product 3:00 inches (76.2 mm) and over in nominal section th

st results in-accordance with ASTM E399 shall be considered meaningful a
to Kic requirements if the thickest possible specimen was used and the d
the required Kic and invalidity is due to one or both of the following condition

AMS2310. Transverse
n length can be taken.

D9 on specimens in the
ickness. If product size

Mmens that will providé:wvalid Kic results, a Kq value not lower than 100 ksi vinch (110 MPa v'm) will

nd the material shall be
alculated Ka equals or
S:

b. Pmax/Pg>1.10

3.5.3.1.4 Average G

rain Size

Shall be ASTM No. 4 or finer for product 189 in? (1219 cm?) and under in cross-sectional area, determined in accordance

with ASTM E112.

3.5.3.1.5

between purchaser and producer.

Mechanical property requirements for product outside of the range covered by 1.1 shall be agreed upon
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3.5.3.2 Forging Stock

A sample of stock shall be forged to a test coupon and heat treated as in 3.5.3.1, specimens taken from the heat treated
coupon shall conform to the requirements of 3.5.3.1.1, 3.5.3.1.2, 3.5.3.1.3, and 3.5.3.1.4. Alternatively, specimens taken
from stock after heat treatment as in 3.5.3.1 that conform to the requirements of 3.5.3.1.1, 3.5.3.1.2, 3.5.3.1.3, and 3.5.3.1.4,
shall be accepted as equivalent to tests of a forged coupon.

3.6 Quality

The product, as received by purchaser, shall be uniform in quality and condition, sound, and free from foreign materials and
from imperfections detrimental to usage of the product.

3.6.1 Steel shall be premium aircraft-quality conforming to AMS2300.

3.6.2 Bars shall be free from seams, laps, tears, and cracks after removal of the standard stock removal allowance in
accordance with AS1182.

3.6.3 Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow thel general contour of the
forgings showipg no evidence of reentrant grain flow.

3.7 Tolerances
Bars shall conform to gll applicable requirements of AMS2251.

3.8 Production, distrlbution, and procurement of metal stock shall comply with AS6279. The requirement for compliance
with AS6279 beqomes effective (18 months from date of publication).

3.9 Exceptions
Any exceptions shall bg authorized by the purchaser and reported as in 4.4.4.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The purchaser of the product shall supply @l samples for purchaser's tests and shall be responsiblg for the performance of
all required tests. Purdhaser reserves the' right to sample and to perform any confirmatory testind deemed necessary to
ensure that the product conforms to specified requirements.

4.2 Classification of [Tests

4.2.1 Acceptance Tgsts

The following requirements are acceptance tests and shall be performed on each heat or lot as applicable:
4.2.1.1  Composition (3.1), macrostructure (3.5.1), and micro-inclusion rating (3.5.2) of each heat.
4.2.1.2 Hardness maximum (3.3.1) of as supplied normalized and annealed product of each lot of bars and forgings.

4213 Tensile properties (3.5.3.1.1), hardness (3.5.3.1.2), fracture toughness (3.5.3.1.3), and average grain size
(3.5.3.1.4) of each lot of bars and forgings after heat treatment as specified in 3.5.3.1.

4214 Tolerances (3.7) of bars.
4.2.2 Periodic Tests

The following requirements are periodic tests and shall be performed at a frequency selected by the purchaser unless
frequency of testing is specified by purchaser:
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4221
4.2.2.2 Frequency-s

4223

Ability of forging stock to develop required properties (3.5.3.2).

everity cleanliness rating (3.6.1).

Grain flow of die forgings (3.6.3).

4.3 Sampling and Testing

4.3.1 For Acceptanc
4.3.1.1

In accordance with AM

e Tests

Bars and Forging Stock

S2370.

4.3.1.2 Forgings
In accordance with AM
4.4 Reports

4.41 The purchaser

S52372.

of bars and forgings shall furnish with each shipment a report showing pr¢

where the me

results of testq for chemical composition, macrostructure, and micrezinclusion rating of ea
properties, harfiness, fracture toughness and average grain size.of each lot, and stating thg
to the other terhnical requirements. This report shall include the ‘purchase order number,

AMS6516C, p
size and melt s

4.4.2 Report the non

4.4.3 The purchaser
the metal was

tests for comp
property requi
AMS6516C, si
4.4.4 \When material
are taken to t
material is ce

listed.

4.5 Resampling and

| was melted (e.g., final melt in the case of metal pro¢essed by multiple n

oduct form and size (and/or part number, if applicable), and quantity. If for
ource of stock used to make the forgings shall also be included.

ninal metallurgically worked cross sectignal size and the cut size, if different

of forging stock shall furnish withteach shipment a report showing producer
melted (e.g., final melt in the case of metal processed by multiple melting op
osition, macrostructure, and micro-inclusion rating of each heat and the r¢g
fements imposed by 8.5.~This report shall include the purchase order
ve, and quantity.

produced to this specification is beyond the sizes allowed in the scope or tab

e technical requirements listed in Section 3 (see 5.2), the report shall cor
fied as AMS6516C(EXC) because of the following exceptions:" and the spec

Retesting

ducer identity, country
nelting operations), the
th heat, and for tensile
t the product conforms
heat and lot numbers,
hings are supplied, the

also see 3.3.1).

identity, country where
erations), the results of
sults of any additional
humber, heat number,

es, or other exceptions
tain a statement "This
ific exceptions shall be

451 Bars and Forgi
In accordance with AM
4.5.2 Forgings

In accordance with AM

ng Stock

S2370.

S2372.
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