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1. SCOPE:
1.1 Form:

This spe¢ification covers a titanium alloy in the form of ‘seamless tubing.
1.2 Applicatjon:

This tubjng has been used typically for parts, such as hydraulic|lines,

requiring strength and oxidation resistance up t0)600 °F (316 °C) and

weldabiljty, but usage is not limited to such applications.
2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent

specified|herein. The latest issue of SAE publications shall apply. The

applicable issue of other publications shall be the issue in effect on the

date of the purchase order.
2.1 SAE Publjcations:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096:-0001.

AMS 2244|Tolerances, Jitanium and Titanium Alloy Tubing

MAM 2244|Tolerances; Metric, Titanium and Titanium Alloy Tubing

AMS 2249|Chemical/ Check Analysis Limits, Titanium and Titanium Al loy

AMS 2634|Ultrasonic Inspection, Thin Wall Metal Tubing

AMS 2809( Identification, Titanium and Titanium Alloy Wrought Products

AS4076 |Contractile Strain Ratio Testing of Titanium Hydraulic JJubing
2.2 ASTM PubHeations:

Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM E 8

Tension Testing of Metallic Materials

ASTM E 8M Tension Testing of Metallic Materials (Metric)
ASTM E 120 Chemical Analysis of Titanium and Titanium Alloys

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement

arising therefrom, is

the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1992 Society of Automotive Engineers, Inc.
All rights reserved.
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2.3 U.S. Government Publications:

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-163 Steel Mill Products, Preparation for Shipment and Storage
MS33611 Tube Bend Radii

2.4 ANSI Publications:

Available from American National Standards Institute, Inc., 1430 Broadway,
New York, NY 10018.

ANSI/ASME B46.1 Surface Texture
3. TECHNICAL| REQUIREMENTS:

%.l Compositjion:
R)
Shall copform to the percentages by weight shown in(Table 1, detprmined by
wet chemlical methods in accordance with ASTM E 120, by spectrochemical
methods,| or by other analytical methods acceptable to purchaser.

TABLE 1 - Composition

Elgment min max

Alyminum 2.50 3.50

Vanadium 2.00 3.00

Irgn - 0.30

Oxygen -- 0.12

Carbon - 0.05

Nitrogen -- 0.020 (200 ppm)
Hydrogen - 0.015 (150 ppm)
Ytt{rium (3.1:1) -- 0.005 ( 50 ppm)
Residual Elements, each (3.1.1) - 0.10
Regidual~Elements, total (3.1.1) -- 0.40

Titanium remainder

3.1.1 Determination not required for routine acceptance.

3.1.2 Check Analysis: Composition variations shall meet the requirements of
AMS 2249,
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3.2 Melting Practice:

Alloy shall be multiple melted; the final melting cycle shall be under
vacuum. The first melt shall be made by consumable electrode, nonconsumable
electrode, electron beam, or plasma arc melting practice. The subsequent
melt or melts shall be made using consumable electrode practice with no alloy
additions permitted in the last consumable electrode melt.

3.2.1 The atmosphere for nonconsumable electrode melting shall be vacuum or shall
(R) be argon and/or helium at an absolute pressure not higher than 1000 mm of

mercury.

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

3.3 Conditign:

(R)
Cold worked and stress relieved by heating to a temperature not|lower than
700 °F (371 °C) and holding at heat for not less than 30 minutes.

3.4 Properties:
Tubing ghall conform to the following requirements:

3.4.1 Tensile Properties: Shall be as shown(in Table 2, determined|in accordance
‘ with ASTM E 8 or ASTM E 8M with the.rate of strain maintained|at 0.003 to
0.007 [inch/inch/minute (0.003 to 02007 mm/mm/minute) through the yield
strendgth and then increased so as'to produce failure in approximately one
additional minute. When a dispute occurs between purchaser and vendor over
the yield strength values, a'referee test shall be performed ¢n a machine
having a strain rate pacer, using a rate of 0.005 inch/inch/mjnute
(0.005 mm/mm/minute) through the yield strength and a minimum|cross head
speed [of 0.10 inch (2.5 mm) per minute above the yield strength.

TABLE 2 - Minimum Tensile Properties.

Property Value
Tensile Strength 125ksi (862 MPa)
Yield Strength at 0.2% Offset 105 ksi (724 MPa)

Elongation in 2 Inches (50.8 mm)
Nominal Wall Thickness
Up to 0.016 inch (0.41 mm), incl 8%
Over 0.016 inch (0.41 mm) 10%
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3.4.2 Flarability: Specimens as in 4.3.3 shall withstand flaring at room
temperature, without formation of cracks or other visible defects, by being
forced axially, with steady pressure, over a hardened and polished tapered
steel pin having a 74-degree included angle to produce a flare having a
permanent expanded OD not less than 1.20 times the original nominal 0D.

3.4.3 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 of 105 ksi (724 MPa) in the tubing
wall, except that a diametric permanent set of 0.002 inch/inch
(g.??ztmm/mm) of diameter is accep}able. The hydrostatic pressure (P)
shall be determined from Equation 1:

. o2 - ¢
0+ 42 | (Eq. 1)

Test pressure in ksi (MPa)
105 ksi (724 MPa)

Nominal 0D

Nominal ID

P

where,

P
S
D
d

3.4.4 Bending: Tubing shall not develop cracks, tears, breaks, or other flaws
when bent 180 degrees around a suitable bend die having a centérline radius
equal to three times the nominal OD of the tubing. A solid roq or
ball-type retractable mandrel inserted<to the tangent of the bgnd shall be
used tg support the inside of the tube during bending to restrict
flattening to a value that does not<exceed 3% of the nominal O of the
tube. |Flatness shall be measured in accordance with MS33611.

3.4.5 Flattening: The inside and.gutside surfaces of tubing shall show no
cracks,| tears, breaks, opefed die marks, or opened polishing marks when a
full section of the tube-is flattened between parallel plates ynder a load
applied gradually and perpendicularly to the longitudinal axis |until the
distange between the(plates is not greater than shown in Table|3. After
examination of the outside surfaces, the samples shall be split
longitydinally and the inside surfaces examined. Examination qf tube
surfaces shall-be at 5 to 10X magnification.

TABLE 3 - Flattening Test

Outside Diameter To

Wall Thickness Ratio Distance Between Plates
oD/t (t = Wall Thickness)
Up to 12, incl Not Required
Over 12 to 16, incl 12t
Over 16 to 30, incl 15t
Over 30 to 50, incl 17t
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3.4.5.1 As an alternate flattening test, a half-tube sample shall be pressed to
groduce a flat surface approx1mate1y 3/8 inch (9.5 mm) wide on the tubing
D

3.4.6 Microstructure: Shall be predominantly an elongated wrought structure but
some areas of partially transformed beta structure shall be acceptable.
Standards shall be as agreed upon by purchaser and vendor. Tubing shall be
free of any oxygen-rich layer, such as alpha case (See 8.2), or other
surface contamination, determined by microscopic examination at not lower
thag 100X magn1f1cat1on or by other method agreed upon by purchaser and
vendor.

3.4.7 Contracti i i when tested
(R) in accprdance with AS4076, shall be not less than 1.3 for tubing sizes with

wall thicknesses up to and including those indicated in Table 4. The CSR
for tuping sizes up to and including those indicated in Table |5, shall be
not less than 1.5.
TABLE 4 - Tubing Sizes for 1.3 Minimum Contractile Strain Ratio
Maximum Maximum
Nominal PD Nominal OD Wall Thickness Wall Thickness
Inch Millimeters Inch Milllimeters
3/16 4.8 0.020 0.51
1/4 6.4 0.022 0.56
3/8 9.5 0.032 0.81
172 12.7 0.043 1{.09
5/8 15.9 0.054 1.37
3/4 19.0 0.065 1.65
7/8 22.2 0.077 1{.96
1 25.4 0.088 2.24

TABLE 5 - Tubing Sizes for 1.5 Minimum Contractile Strain Ratio

Max imum Malx imum
Nominal OB————————NumTnaT—0ﬂ————————waTT—ThTtkness————————WaTT—gﬁickness

Inch Millimeters Inch Millimeters
1-1/4 31.8 0.087 2.21
1-1/2 38.1 0.090 2.29
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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 tubin

marks or

?. Surface imperfections, suc
no

straightening marks, wil

as handling

t be considered injurious if the

imperfections are removable within the tolerances specified for wall
thickness but removal of such imperfections is not required.

3.5.1 Each tube shall be ultrasonically inspected in accordance with AMS 2634,

Class

orientption (long

3.5.2

3.5.2.1 0D S
than
wall
the

Surfac

remafin after the pickling operation.

Q i gitudinal and transverse).

p Condition:

irface: Shall show a uniformly acid-pickled surface fin
0.001 inch (0.025 mm) shall have been chemically remove
thickness as a finishing operation. Soft, belt polishi

pickling operation is permissible; traces.of the polishi
Centerless grinding or

mechgnical operations are not permitted.

.5.2.2 ID S
blas
forc

from
Surf
the

with

The

.5.2.3

.5.2.4

foreli

clea
Disc
is a
.6 Toleranc

Shall co

3.6.1 Outer Diameter:
ovality.

(R)

E

5 and

sh; not less
from the

g prior to

g marks may

other

rface: Shall show a uniform matte finish, produced by i
ing with grit not larger than 100 mesh (150 gm) followe
d-flow, acid pickling to remove not less than 0.0005 in
the wall thickness.

ce Texture:
D and 32 microinches (0.8 tm) on the 0D, determined in
ANSI/ASME B46.1.

D and OD surfaces of the tubing shall be free from grea
gn matter.
, white cloth) drawn through the length of the bore of a
loration of the cloth, without the presence of flakes o\
ceptable.

S:

ibrasive

Y
h (0.013 mm)

Shall be not- greater than 63 microinches (1.6 gm) on

ccordance

5e and other

Metallic flakes or particles shall not be collected by a

test sample.
r particles,

form to all applicable requirements of the following:

Shall be as specified in Table 6; tolerances shown include
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TABLE 6A - Tolerances, Outer Diameter, Inch/Pound Units

Tolerance Tolerance

Nominal OD Inch Inch
Inches Plus Minus
Over 0.093 to 0.187, incl 0.002 0.000
Over 0.187 to 0.499, incl 0.003 0.000
Over 0.499 to 0.749, incl 0.004 0.000
Over 0.749 to 0.999, incl 0.004 0.001
Over 0/999—to1-499,—inct——0-0064— 0002
Over 1/499 to 1.999, incl 0.005 0.002
TABLE 6B - Tolerances, Outer Diameter, SI Units
Tolerance Tolerange
Nominal OD Millimeter Millimeter
Millimeters Plus Minus
Over |2.36 to 4.75, incl 0.05 0.00
Over |4.75 to 12.67, incl 0.08 0.00
Over 12.67 to 19.02, inc) 0.10 0.00
Over 19.02 to 25.37, incl 0.10 0.025
Over 25.37 to 38.07, incl 0.10 0.05
Over 38.07 to 50.77, incl 0.13 0.05
3.6.1.1 Diameter tolerances for tubing 0.093 inch (2.36 mm) and unden or over
1.999 inches (50.77 mm) in nominal OD shall be as agreed upon by
purchaser and vendor.
3.6.2 Inner Diameter:’ Shall be as specified in Table 7. The nominal inner
(R) diameter is defined as being equal to the nominal OD minus twide the
nominal wall thickness.
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TABLE 7A - Tolerances, Inner Diameter, Inch/Pound Units .

Tolerance Tolerance
Nominal ID Inch Inch
Inches Plus Minus

Up to 0.338, incl 0.0015 0.0015
Over 0.338 to 0.449, incl 0.002 0.002

Over 0.449 to 0.673, incl 0.0025 0.0025
Over 0.673 to 0.900, incl 0.003 0.003
Over (-900—and—above 0-004— 0004

TABLE 7B - Tolerances, Inner Diameter, SI Units

Tolerances Tolerarces

Nominal ID Midlimeter Millimgter
Millimeters Plus Minys
Up to 8.59, incl 0.038 0.038
Over 8.59 to 11.40, incl 0.05 0.0"
Over 11.40 to 17.09, incl 0.064 0.044 .
Over 17.09 to 22.86, incl 0.08 0.08§
Over 22.86 and above 0.10 0.1

3.6.3 Wall Thickness: A1l tubing 1.500 inches (38.10 mm) and under|in nominal OD
(R) shall|have a wall thickness not less than 95% of nominal.

3.6.4 Length and Straightness: Shall conform to AMS 2244 or MAM 2244.
4. QUALITY ASSURANCE PROVISIONS:

?ﬁl ResponsjbiVity for Inspection:
)

The vendor of tubing shall supply all samples for vendor’s tests and shall be
responsible for performing all required tests. Purchaser reserves the right

to sample and to perform any confirmatory testing deemed necessary to ensure

that the tubing conforms to the requirements of this specification.

4.2 Classification of Tests:
4.2.1 Acceptance Tests: Tests for all technical requirements except pressure

testing (3.4.3) are acceptance tests and shall be performed on each heat or
lot as applicable.
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4.2

4.2

4.2

4.3.

.2 Periodic Tests: Tests for pressure testing (3.4.3) are periodic tests and

shall be performed at a frequency selected by the vendor unless frequency
of testing is specified by purchaser.

.3 Preproduction Tests: Tests for all technical requirements are

preproduction tests and shall be performed prior to or on the initial
shipment of tub1ng to a purchaser, when a change in material and/or
processing requires reapproval as in 4.4.2, and when purchaser deems
confirmatory testing to be required.

.3.1 For direct U.S. M111tary procurement, substant1at1ng test data and, when

requested, preprad on bing sha De DI pd to the o-nlzant
agendy as directed by the procuring activity, contracting offjicer, or
requgst for procurement.

Sampling |and Testing:
Shall be |in accordance with the following; a lot shal] ‘be all tubjing of the

same nominal size from the same ingot, same processing and finishing
operations, and stress relieved in the same furnace charge:

determinations one sample from each lot obtained after thermal |[and chemical
procesging is completed. An ingot analysis obtained from the alloy
producdr may be utilized to substantiate-heat requirements.

1 Composition: One sample from each heat, except that for hydrOjen

.2 Tensilg Properties: One sample forCeach 1000 feet (305 m) or three samples

from edch lot, whichever is greater.

.3 Flarab{lity: One sample per tube for lot sizes of four or less tubes and

four sdmples for lot sizes-of 5 to 39 tubes. For lot sizes of (40 or more
tubes, [one sample from one-end of 10% of the tubes.

4.3.3.1 Specimens for flarability (3.4.2) test shall be full tubes ov] sections
cut from a tube. (The end of the specimen to be flared shall [be cut
squavte, with thé cut end smooth and free from burrs, but not |rounded.
4.3.4 Pressune Test: )As agreed upon by purchaser and vendor.
4.3.5 Bending: Jwo samples from each lot.
4.3.6 Flatteming:—One pie—fo of tubing—or—10 samples
from each lot, whichever is 1ess Each spec1men shall be not less than
2 inches (51 mm) long, cut in half with the cuts parallel to the axis of
the tube.
4.3.7 Microstructure: One sample from each lot.
4.3.8 Contractile Strain Ratio: Three per lot.
4.3.9 Ultrasonic Inspection and Tolerances: Each tube.
' 4.3.10 Surface Condition: Each tube, except that ID surface inspection need be

made only on each sample selected for the flattening test.
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