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RATIONALE

AMS6947 is a new specification for annealed, heat treatable UNS R54250 bar products.
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AMS2808 Identification, Forgings

AMS2809 Identification, Titanium and Titanium Alloy Wrought Products

AMS7498 Rings, Flash Welded, Titanium and Titanium Alloys

ARP 982 Minimizing Stress-Corrosion Cracking in Wrought Titanium Alloy Products

2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

ASTM E 8/ E 8M TerLsion Testing of Metallic Materials

ASTM E 1409 Defermination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
Teg¢hnique

ASTM E 1447 Defermination of Hydrogen in Titanium and Titanium Alloys:by the Inerf Gas Fusion Thermal
Conductivity/Infrared Detection Method

ASTM E 1941 Defermination of Carbon in Refractory and Reactive Metals and Their Alloys

ASTM E 2371 Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma Spectrometry

3. TECHNICAL REQUIREMENTS
3.1 Composition
Shall conform to the |percentages by weight shown~in Table 1; carbon shall be determingd in accordance with
ASTM E 1941, hydrogen in accordance with ASTM E 1447, oxygen and nitrogen in accordance With ASTM E 1409, and

other elements in accorgance with ASTM E 2371. Other analytical methods may be used if acceptable to the purchaser.

TABLE 1 - COMPOSITION

Element min max

Aluminam 3.5 4.5

Vahadium 2.0 3.0

{ron 1.2 1.8

Oxygen 0.20 0.30

Carbon - 0.08 (800 ppm)
Nitrogen -- 0.03 (300 ppm)
Hydrogen (3.1.2) -- 0.015 (150 ppm)
Other Elements, each (3.1.1) -- 0.1

Other Elements, total (3.1.1) -- 0.3

Titanium remainder

3.1.1  Determination not required for routine acceptance.
3.1.2 Check Analysis

Composition variations shall meet the applicable requirements of AMS2249.


https://saenorm.com/api/?name=8b6b851d2de99f69bf0eaeb2d95db267

SAE

AMS6947

Page 3 of 8

3.2 Melting Practice

3.2.1

Alloy shall be multiple melted. The first melt shall be made by consumable electrode, nonconsumable electrode,

electron beam cold hearth, or plasma arc cold hearth melting practice. The subsequent melt or melts shall be
made under vacuum using vacuum arc remelting (VAR) practice. Alloy additions are not permitted in the final melt

cycle.

3.2.1.1

absolute pressure not higher than 1000 mm of mercury.

3.21.2

3.3 Condition

The electrode tip for nonconsumable electrode melting shall be water-cooled copper.

The atmosphere for nonconsumable electrode melting shall be vacuum or shall be argon and/or helium at an

The product shall be su
3.3.1 Bars and Draw

Hot finished with or wi
may be solution heat tr

pbplied in the following condition:

T Shapes
h

out subsequent cold reduction, annealed, and descaled~Unless prohib
pated below the beta transus prior to annealing. Bar shall not be cut from

ted by purchaser, bars
plate. The product shall

be processed to the final thickness/diameter by metallurgical working operations prior to any dimemnsional sizing or surface

finishing operations.
3.3.2 Wire

Hot finished with or with
3.3.3 Forgings and F
Annealed and rough m4

3.3.3.1 Flash welded

supplied, ring
3.3.4 Stock for Forgin
As ordered by the forgin

3.4 Annealing

out subsequent cold reduction, annealed,\and descaled.
ash Welded Rings
chined or descaled.

rings shall not be supplied unless specified or permitted on purchase
s shall be manufactured.in accordance with AMS7498.

g, Flash Welded\Rings, or Heading

g, flash welded ring, or heading manufacturer.

gsZ/and drawn _shapes shall be annealed by heating to a temperature w

Bars, wire, forgings, rir

['s part drawing. When

ithin the range 1250 to

1400 °F (677 to 760 °C), holding at the selected temperature within +25 °F (14 °C) for not less than 1 hour, and cooling
at a rate that will produce product meeting the requirements of 3.5. Pyrometry shall be in accordance with AMS2750.

3.5 Properties

The product shall conform to the following requirements:

Bars, Wire, Forgings, Flash Welded Rings, and Drawn Shapes

3.5.1
3.5.1.1 As Annealed
35111 Microstructure

Shall be that structure resulting from processing within the alpha-beta field. Microstructure shall conform to 3.5.1.1.1.1 or

3.5.1.1.1.2.
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3.5.1.1.1.1  Equiaxed and/or elongated primary alpha in a transformed beta matrix with no continuous network of alpha
at prior beta grain boundaries.

3.5.1.1.1.2  Essentially complete field of equiaxed and/or elongated alpha with no continuous network of alpha at prior
beta grain boundaries.

3.5.1.1.1.3 A microstructure showing a continuous network of alpha in prior beta grain boundaries is not acceptable.

3.5.1.1.2  Surface Contamination

Except as specified in 3.5.1.1.2.1 and 3.5.1.1.2.2, the product shall be free of any oxygen-rich layer (See 8.2), such as
alpha case, or other surface contamination, determined by microscopic examination at not lower than 400X magnification

or by other method accnlr_\fnhln topu irchaser

3.5.1.1.21  An oxygs
rounds.

3.5.1.1.2.2 When psg
oxygen-ri

3.5.1.2  After Solution

Product, 4.000 inches (
following properties aftg
1+ 25 (87110899 °C £ 1
by heating within the ra
3.51.21 Tensile Pro
Shall be as shown in T4

strain set at 0.005 inch
(0.002 mm/mm/minute)

n-rich layer not greater than 0.001 inch (0.025 mm) in depth will becperm

rmitted by purchaser, forgings and flash welded rings to, béymachined
ch layer provided such layer is removable within the machining allowance.

and Precipitation Heat Treatment

101.60 mm) and under in nominal diameter or least-distance between para
r being solution heat treated by heating in a suitable atmosphere within thg
4), holding at heat for 1 to 2 hours, and quenching in agitated water and p
nge 800 to 900 °F + 15 (427 to 482 °C £ 8), holding at heat for at least 8 hd
perties

ble 2, determined in the longitudinal direction in accordance with ASTM E
inch/minute (0.005 mm/mm/minute) and maintained within a tolerance of

through the 0.2% offset yield strain.

TABLE 2A - MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

tted on bars other than

all over may have an

lel sides, shall have the

range 1600 to 1650 °F
recipitation heat treated
urs, and cooling in air.

B / E 8M with the rate of
+0.002 inch/inch/minute

Nomipal Diameter or.Least Tensile Yield Strength Elongation Redurtion
Distancq Between Pdrallel Sides Strength  at 0.2% Offset in 4D of Area
Inches ksi ksi % 9
Up to 0.500 170 150 10 20
0.500 to lessthan 1.000 160 144 10 20
1.00% toless than 1.500 155 138 10 20
1.500-todess-than-2.000 150 135 10 2
2.000 to 4.000, incl 145 130 10 20
TABLE 2B - MINIMUM TENSILE PROPERTIES, SI UNITS
Nominal Diameter or Least Distance Tensile Yield Strength Elongation Reduction
Between Parallel Sides Strength at 0.2% Offset in 4D of Area
Millimeters MPa MPa % %
Up to 12.70 1172 1034 10 20
12.70 to less than 25.40 1103 993 10 20
25.40 to less than 38.10 1069 952 10 20
38.10 to less than 50.80 1034 931 10 20
50.80 to 101.6, incl 1000 896 10 20



https://saenorm.com/api/?name=8b6b851d2de99f69bf0eaeb2d95db267

SAE AMS6947 Page 5 of 8

3.5.1.2.1.1  Yield strength and reduction of area requirements do not apply to wire under 0.125 inch (3.18 mm) in
nominal diameter.

3.5.1.21.2 Specimens from bars, wire, forgings, and drawn shapes shall have the axis of specimen in the area of the
gage length varying not more than 15 degrees from parallel to the grain flow for the longitudinal
requirements of Table 2, and specimens shall be taken in the circumferential direction from flash welded
rings.

3.5.2 Forging Stock

A sample of stock shall be forged to a test coupon and heat treated as in 3.5.1.2, and specimens taken from the heat
treated coupon shall conform to the requirements of 3.5.1.2.1. Alternately specimens taken from stock after heat

treatment as in 3.5.1.2

coupon.
3.5.3 Stock for Flash
A sample of stock heat

3.6 Quality

The product, as receive
and from imperfections

3.6.1 Grain flow of di

forgings showir
3.7 Tolerances
Bars and wire shall con
4. QUALITY ASSURA
4.1  Responsibility for|
The vendor of the prod
required tests. Purchas

ensure that the product

4.2 Classification of T

hat confarm to the rpqnirpmpnh of 35121 shallhe qr‘(‘pln’rpd as Pﬂllli\l

Welded Rings or Heading

reated as in 3.5.1.2 shall conform to the requirements of 3.5.1(21.

ent to tests of a forged

d by purchaser, shall be uniform in quality and condition, sound, and fre¢ from foreign materials

detrimental to usage of the product.

b forgings, except in areas that contain flagh-line end grain, shall follow thg
g no evidence of reentrant grain flow.

orm to all applicable requirements of AMS2241.

NCE PROVISIONS

Inspection

uct shall supply.all samples for vendor's tests and shall be responsible fo
er reservesc¢the right to sample and to perform any confirmatory testing

conforms\to specified requirements.

ests

e general contour of the

[ the performance of all
deemed necessary to

4.2.1

Acceptance Tests

The following requirements are acceptance tests and shall be performed on each heat or lot as applicable:

4211

4212

Composition (3.1) of each heat.

Hydrogen content (3.1) of each lot of bars, wire, forgings, flash welded rings, drawn shapes, forging stock, stock

for flash welded rings and heading, microstructure (3.5.1.1.1), and surface contamination (3.5.1.1.2) of each lot

of bars, wire,

4213

forgings, flash welded rings, and drawn shapes as annealed.

solution and precipitation heat treatment.

4214

Tolerances (3.7) of bars and wire

Tensile properties (3.5.1.2.1) of each lot of bars, wire, forgings, flash welded rings, and drawn shapes after
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4.2.2 Periodic Tests

Tests to determine ability of forging stock (3.5.2) and of stock for flash welded rings or heading (3.5.3) to develop required
properties are periodic tests and shall be performed at a frequency selected by the vendor unless frequency of testing is

specified by purchaser.

4.3 Sampling and Testing

Shall be in accordance with the following; a lot shall be all product of the same nominal size from the same heat

processed at the same
4.3.1
4.3.1.1  Composition

One sample from each
chemical processing is

4312

At least one sample fro

each lot of forgings fromp a section having maximum thickness and from a se¢tion having minimum

4.3.1.2.1 Specimens

4.3.1.3 Microstructur

prepared me|
sampled for n

4.3.1.4 Other Requir
As agreed upon by purd
4.3.2 For Periodic Te
As agreed upon by purd
4.4 Reports

441 The vendor sh{

Tensile Propgrties

time and annealed in the same heat treat batch.

For Acceptance Tests

heat, except that for hydrogen determinations one sample from each’lot ob
completed.

m bars, wire, flash welded rings, and drawn shapes from each lot. One lon

from flash welded rings shall be cut from parent metal not including the we|
e and surface contamination evaluation«shall be made on at least one {
fallographically. Machined or centerless ground bar to be used for ford
hicrostructure or surface contamination.
bments

haser and vendor.

Sts

haser and vendor.

ll_previde a copy of the original material manufacturer’s (producer's) repo
ucer name, and country where the metal was melted (e.g., final mel

including: proq

ained after thermal and

pitudinal specimen from
thickness.

d-heat-affected zone.

pecimen from each lot
ing stock need not be

t (material certification)
in the case of metal

processed by multiple melting operations). This report shall document the results of tests for composition of each
heat and for the hydrogen content and tensile properties of each lot and state that the product conforms to the
other technical requirements. This report shall include the purchase order number, heat and lot number,
AMS6947, product form and mill produced size (and/or part number, if applicable), specific heat treatment used,
and quantity. If forgings are supplied, the part number and the size and melt source of stock used to make the
forgings shall also be included.

442

Report the nominal metallurgically worked cross sectional size and the cut size, if different (See 3.3.1).
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