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AMS2750 Pyrometry

AMS2809 Identification, Titanium and Titanium Alloy Wrought Products
AS7766 Terms Used in Aerospace Metals Specifications
AS33611 Tube Bend Radii

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 E8/E8M Tension Testing of Metallic Materials

ASTM E384 Microill\dentation Hardness of Materials

ASTM E426 Electrgmagnetic (Eddy Current) Examination of Seamless and Welded+< Tubulgr Products, Titanium,
Austenitic Stainless Steel and Similar Alloys

ASTM E1409 Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by Inert Gag Fusion

ASTM E1447 Determination of Hydrogen in Titanium and Titanium/Alloys by Inert (5as Fusion Thermal
Conductivity/Infrared Detection Method

ASTM E1941  Determination of Carbon in Refractory and Reactivedvetals and Their Alloys

ASTM E2371  Analydis of Titanium and Titanium Alloys by Dire¢t Current Plasma and Inductively Goupled Plasma Atomic
Emissjon Spectrometry (Performance-Based Test Methodology)

2.3 ASME Publicatigns

Available from ASME| P.O. Box 2900, 22 Law \Drive, Fairfield, NJ 07007-2900, Tel: 800-843-2763 (U.S./Canada),
001-800-843-2763 (Mgxico), 973-882-1170 (outside North America), www.asme.org.

ASME B46.1  Surface Texture
2.4  Definitions
Terms used in AMS are defined\in”AS7766.

3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the percentages by weight shown in Table 1; carbon shall be determined in accordance with ASTM E1941,
hydrogen in accordance with ASTM E1447, oxygen and nitrogen in accordance with ASTM E1409, and other elements in
accordance with ASTM E2371. Other analytical methods may be used if acceptable to the purchaser.
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Table 1 - Composition

Element Min Max

Vanadium 14.0 16.0

Chromium 2.5 3.5

Aluminum 2.5 3.5

Tin 2.5 3.5

Iron -- 0.25

Carbon -- 0.05

Oxygen -- 0.13

Nitrogen -- 0.050 (500 ppm)
Hydrogen -- 0.015 (150 ppm)
Other Elements, each (3.1.1) -- 0.10

Other Elements, total (3.1.1) -- 0.40

Titanium remainder

3.1.1  Determination

3.1.2 Check Analysi$
Composition variations
3.2 Melting Practice
Alloy shall be multiple
electrode, nonconsum

melting cycle shall be o

3.2.1 The atmosphg

absolute press
3.2.2 The electrode
3.3 Condition and H
Cold worked and preci
holding at the selected

AMS2750.

3.4 Properties

Tubing shall conform tT thefollowing requirements:

not required for routine acceptance.

hble electrode, electron beam cold hearth, orplasma arc cold hearth meltin
hade under vacuum using vacuum arc remglting (VAR) practice with no alloy

re for nonconsumable electrode melting shall be vacuum or shall be argg
ure not higher than 1000 mm of mercury.

pat Treatment

bitation heat treated by heating to a temperature within the range 900 to 1250

shall meet the applicable requirements of AMS2249.

melted. Melting cycle(s) prior to the final meltingycycle shall be made usin

ip for nonconsumable electrode:melting shall be water-cooled copper.

temperature within/+25 °F (£14 °C) for not less than 2 hours. Pyrometry shal

j vacuum consumable
g practice(s). The final
additions permitted.

n and/or helium at an

°F (482 t0 677 °C) and
be in accordance with

3.41

Tensile Properties

Shall be as shown in Table 2, determined in accordance with ASTM E8/E8M with the rate of strain 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 the 0.2% offset

yield strain.

Table 2 - Minimum tensile properties

Value
135 ksi (931 MPa)
125 ksi (862 MPa)

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 2 Inches (50.8 mm)
Nominal Wall Thickness
Up to 0.020 Inch (0.51 mm), incl
Over 0.020 Inch (0.51 mm)

10%
12%
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3.4.2 Pressure Testing

Tubing shall show no bulges, leaks, pin holes, cracks, or other defects when subjected to an internal hydrostatic pressure
(P) sufficient to cause a tensile stress equal to 125 ksi (862 MPa) in the tubing wall, except that a diametric permanent set
of 0.002 in/in (0.002 mm/mm) of diameter is acceptable. The hydrostatic pressure (P) shall be determined from Equation 1,

but shall not exceed 20 ksi (138 MPa):

where:

D? — g2

P=S——
D? +d2

P = test pressure in ksi (MPa)

(Eq. 1)

S = 125 ksi (862 MPa)

D = nominal OD

d = nominal ID
3.4.3 Bending
Tubing shall not deve

centerline radius equal
the tangent of the bend

flattening to a value that does not exceed 5% of the nominal OD of the tube. Flattening shall be def

with AS33611.
3.4.4 Flattening

The inside and outside

when a full section of the tube is flattened between.parallel plates under a load applied gradually an

longitudinal axis until th
outside surfaces, the s

op cracks, tears, breaks, or other flaws when bent/180 degrees around &
to three times the nominal OD of the tubing. A salid rod or ball-type retracta
, or an appropriate tube filler, shall be used to support the inside of the tube d

surfaces of tubing shall show ng cracks, tears, breaks, opened die marks, or g

e distance between the plates is not greater than values shown in Table 3. A
amples shall be split longitudinally and the inside surfaces examined. Exami

suitable die having a
ble mandrel inserted to
iring bending to restrict
ermined in accordance

pened polishing marks
| perpendicularly to the
fter examination of the
hation of tube surfaces

shall be at 5 to 10X mdgnification.

Table 3 - Flattening test

Distance Between
Plates

Outside Diameter to
Wall Thickness Ratio

oD/t (t = Wall Thickness)
Up to 12, incl Not Required
Over-+2-to—46;inct +2t
Over 16 to 30, incl 15t
Over 30 to 50, incl 17t

3.4.41 Alternate Flattening

When specified, sample(s) shall be sectioned longitudinally along the tube diameter and flattened between parallel plates
until the distance between the plates is equal to the wall thickness of the tube sample. The inside and outside surfaces of
tubing shall show no cracks, tears, breaks, opened die marks, or polishing marks.

3.4.5 Microstructure

Shall be predominantly a cold-worked, precipitated beta structure with dispersed, fine alpha precipitate. Tubing shall be free
of alpha case (see 8.2) or other surface contamination, determined by microscopic examination at not less than 200X

magnification, ammonium bifluoride etch inspection (see 3.4.5.1), microhardness testing, or other method acceptable to
purchaser.
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3.4.5.1  Ammonium Bifluoride Etch Inspection

A sample of tubing shall be etched with a solution of 18 grams ammonium bifluoride in a liter of distilled water. White or gray
areas indicate alpha case.

3.4.5.2 Microstructural Hardness Differential

A surface hardness more than 40 points higher than the subsurface hardness, determined in accordance with ASTM E384
on the Knoop scale using a 200 gram load, is evidence of unacceptable surface contamination.

3.5 Quality
Tubing, as received by purchaser, shall be uniform in quality and condition and shall have a finish conforming to the best

practice for high quality aircraft tubing. It shall be smooth and free from scale or oxide, burrs, seams, tears, grooves,
laminations, slivers, pits, and other imperfections detrimental to usage of the tubing.

3.5.1  Nondestructivg Testing
Each tube shall be tegted by ultrasonic inspection or electromagnetic (eddy current) imspection agceptable to purchaser
(see 8.3). Ultrasonic inppection shall be in accordance with AMS2634, Class AA, for ID;"OD, and suybsurface imperfections
of all types and orientation (longitudinal and transverse). Electromagnetic inspection shall be performed by a technique
equivalent to that in ATM E426.
3.5.2 Surface Condifion

3.5.2.1 OD Surface
Shall show a uniformly|acid-pickled surface finish; not less than 0.001 inch (0.025 mm) of metal shall have been chemically
removed from the wall|thickness as a finishing operation. Beltpolishing or buffing of the OD surfac¢ with a grit size of 400
or finer is permissible grior to the pickling operation. Centerless grinding or other mechanical operatipns are not acceptable.

3.5.2.2 ID Surface

Shall show a uniform matte finish, produced by. abfasive blasting with grit not larger than 100 mesh (150 um) followed by
forced-flow, acid pickle] to remove not less than.0.0005 inch (0.013 mm) of metal from the wall thickpess.

3.5.2.3 Surface Tex{ure

Shall be not greater than 63 microinches (1.6 um) on the ID and be not greater than 32 microinchgs (0.8 um) on the OD,
determined in accordafnce with - ASME B46.1.

3.5.2.4 Surface Cleanliness

Tubing shall be free from grease and other foreign matter. Metallic flakes or particles shall not be collected by a clean, white
cloth drawn through the length of the bore of a test sample. Discoloration of the cloth, without the presence of flakes or
particles, is acceptable.

3.6 Tolerances

Shall conform to all applicable requirements of the following:

3.6.1 Diameter

Shall be as specified in Table 4; tolerances shown include ovality.
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Table 4A - Outer diameter, tolerances, inch/pound units

Tolerance Tolerance

Nominal OD Inches Inches
Inches Plus Minus

Over 0.093 to 0.188, incl 0.002 0.000
Over 0.188 to 0.500, incl 0.003 0.000
Over 0.500 to 1.000, incl 0.004 0.000
Over 1.000 to 1.500, incl 0.004 0.001
Over 1.500 to 2.000, incl 0.005 0.001

Table 4B - Outer diameter, tolerances, Sl units

3.6.1.1  Diameter tol

shall be as 3
3.6.2 Wall Thicknesj

All tubing 1.500 inches
(38.10 mm) in nominal

Tolerance Tolerance
Nominal OD Millimeters Millimeters
Millimeters Plus Minus
Over 2.36to 4.78, incl 0.05 0.00
Over 4.78t0 12.70, incl 0.08 0.00
Over 12.70 to 25.40, incl 0.10 0.00
Over 25.40 to 38.10, incl 0.10 0.025
Over 38.10 to 50.80, incl 0.13 0:025

OD shall not vary more than £10%.

3.6.3 Length and Stjaightness

Shall conform to AMSZ
3.7 Exceptions

Any exceptions shall b
4. QUALITY ASSUR/

4.1 Responsibility fo

244,

ANCE PROVISIONS

- Inspéection

The producer of tubin

b authorized by, the/purchaser and reported as in 4.5.1.

brances for tubing 0.093 inch (2.36 mm) and under orjeyver 2.000 inches (50
greed upon by purchaser and producer (see 8.7).

(38.10 mm) and under in nominal OD shall not vary more than +10%, -5%; tJ

shall supply all samples for producer’s tests and shall be responsible for

77 mm) in nominal OD

bing over 1.500 inches

the performance of all

required tests. Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to ensure
that the tubing conforms to specified requirements.

4.2 Classification of Tests

421 Acceptance Tests

All technical requirements, except pressure testing (3.4.2), are acceptance tests and shall be performed on each heat or lot

as applicable.

4.2.2 Periodic Tests

Pressure testing (3.4.2) is a periodic test and shall be performed at a frequency selected by the producer unless frequency

of testing is specified b

y purchaser.
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4.3 Sampling and Testing

Shall be in accordance with the following; a lot shall be all tubing of the same nominal size from the same ingot, same
processing, and finishing operations and precipitation heat treated in the same furnace charge.

4.3.1  Composition

One sample from each lot of tubing for hydrogen, oxygen, and nitrogen determinations shall be obtained after thermal and
chemical processing is completed. An ingot analysis obtained from the alloy producer may be utilized to substantiate other

requirements.

4.3.2 Tensile Properties

One sample from each

1000 feet (305 m) or three samples from each lot, whichever is greater.

4.3.3 Bending
Two samples from eac
4.3.4 Flattening

One sample from each
less than 2 inches (51
4.3.5 Microstructure

One sample from each

h lot.

135 feet (41 m) of tubing or ten samples from each lot, Whichever is less. E3
mm) long, cut in half with the cuts parallel to the axis. of.the tube.

ot.

4.3.6 Surface Condifion

Each tube, except that

4.3.7 Ultrasonic Insg
Each tube.
4.3.8 Pressure Test

As agreed upon by pun

4.4  Approval

ection or Electromagnetic/nspection and Tolerances

chaser and.producer (see 8.7).

441 Sample tubing

and process sheets showing the parameters for process control factors for pr

ch sample shall be not

ID surface inspection need only be-made on each sample selected for the flattening test.

ducing the tubing shall

be approved by purchaser before tubing for production use is supplied, unless such approval is waived by

purchaser.

442

Producer shall establish parameters for process control factors which will produce tubing meeting the technical

requirements of this specification. If necessary to make any change in parameters for the process control factors,
producer shall submit for reapproval revised process sheets and, when requested, sample tubing. Tubing
incorporating the revised operations shall not be shipped prior to receipt of reapproval.

4421

Acceptance criteria for

Control factors for producing tubing include, but are not limited to, the following:

tube hollows

Conditioning practice for tube hollows
Cold working procedures
Intermediate tube annealing, conditioning, and inspection procedures

Tube ID and OD finishi

ng operations

Final inspection procedures
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