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AMS2370 Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Products and Forging Stock

AMS2807 Identification, Carbon and Low-Alloy Steels, Corrosion and Heat-Resistant Steels and Alloys, Sheet, Strip,
Plate and Aircraft Tubing

ARP1917 Clarification of Terms Used in Aerospace Metals Specifications

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 A370 Mechanical Testing of Steel Products

ASTM A751 Standagrd Test Methods, Practices, and Terminology for Chemical Analysis of Stée] Products
ASTM E112 Deternjining Average Grain Size

ASTM E140 Hardngss Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers Hardness, Rockwell
Hardngss, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Le¢b Hardness

ASTM E384  Microirldentation Hardness of Materials
ASTM E1444  Magnetic Particle Examination

3. TECHNICAL REQUIREMENTS

3.1 Composition

Shall conform to the pgercentages by weight shown in Table 1, determined in accordance with ASTM A751 or by other
analytical methods acc¢ptable to purchaser.

Table 1 - Composition

Element Min Max
Carbon 0.28 0.33
Manganese 040 0.60
Silicon 0.15 0.35
Phosphorus -- 0.025
Sulfur -- 0.025
Chromium 0.80 1.10
Molybdenum 0.15 0.25
NICKeEI - U.ZO
Copper -- 0.35

3.1.1  Aluminum, vanadium, and columbium are optional grain refining elements and need not be determined or reported
unless used to satisfy the average grain size requirements of 3.4.3.2.

3.1.2 Check Analysis
Composition variations shall meet the applicable requirements of AMS2259.
3.2 Condition

Cold finished and either normalized and tempered, stress relieved, or otherwise heat treated.
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3.3 Fabrication

Tubing shall be produced by a welded and drawn process. The external finishes may be produced by any method which
will provide the required surface condition and not affect the limits of wall thickness, with the exception that centerless
grinding is not acceptable. A light polish to improve surface appearance may be employed.

3.3.1  Tubing shall be processed to completely remove the weld reinforcement and any dimensional indication of the
presence of welds.

3.4 Properties

Tubing shall conform to the following requirements; hardness and tensile testing shall be performed in accordance with
ASTM A370:

3.41 Tensile Properiies
Shall be as shown in Table 2.
Table 2A - Minimum tensile properties, inch/pound units
Elongation in Elongation in
Nominal Wall Tensile Yield Strength 2 Inches 2 Inches
Nominal OIp Thickness Strength  at 0.2% Offset % %
Inches Inches ksi ksi Full Tube Strip
Up to 0.500, excl Up to 0.188, incl 95 75 10 --
Up to 0.500, excl Over 0.188 90 70 12 -
0.500 anﬂ over Up to 0.188, incl 95 75 12 7
0.500 andl over Over 0.188 90 70 15 10
Table 2B - Minimum tensile properties, Sl units
Elongation in Elongation in
Nominal Wall Tensile Yield Strength 50.8 mm 50.8 mm
Nominal Op Thickness Strength  at 0.2% Offset % %
Millimeters Millimeters MPa MPa Full Tube Strip
Up to 12.70, exgl Up to 4.78; incl 655 517 10 --
Up to 12.70, exfl Oven4.78 621 483 12 --
12.70 and over Upto'4.78, incl 655 517 12 7
12.70 and over Qver 4.78 621 483 15 10
3.4.1.1 Unless otheryise-spécified, the strain rate shall be set at 0.005 in/in/min (0.005 mm/mm/min) and maintained
within a tolergnice‘of £0.002 in/in/min (0.002 mm/mm/min) through 0.2% offset yield straip. After the yield strain,
the speed of the testing machine shattbe setbetween 005 imand 05 (005 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 in/in/min (0.05 mm/mm/min and 0.5 mm/mm/min).
3.4.2 Crushing
Specimens as in 4.3.1.1 shall withstand, without failure of the weld, crushing axially under a gradually applied load until the
cross-sectional dimension is increased in one zone by 20% or until one complete fold is formed, or until the specimen is
reduced in length to two-thirds of the original length.
3.4.3 Average Grain Size

Average grain size shall be determined by either 3.4.3.1 or 3.4.3.2.
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3.4.3.1 Shall be ASTM No. 5 or finer, determined in accordance with ASTM E112.

3.4.3.2 The product of a heat shall be considered to have an ASTM No. 5 or finer austenitic grain size if one or more of
the following are determined by heat analysis (see 8.4):

3.4.3.2.1 A total aluminum content of 0.020 to 0.050%.
3.4.3.2.2  An acid soluble aluminum content of 0.015 to 0.050%.
3.4.3.2.3 A vanadium content of 0.02 to 0.08%.

3.4.3.2.4 A columbium content of 0.02 to 0.05%.

3.4.4 Decarburization

3.4.4.1 Tubing orderg¢d ground, turned, or polished shall be free from decarburization on the'\groyind, turned, or polished
surfaces.

3.4.4.2 Tubing to whith 3.4.4.1 is not applicable shall be free from complete decarburization. Partjal decarburization shall
not exceed the limits specified in Table 3.

Table 3A - Maximum total depth of decarburization,\inch/pound units

Depth of Partial Depth of Partial Depth of Partial

Decarburization Decarburization Decarbyrization

Nomingl Wall Thickness (T) Inches Inches Inclhes
Inches ID oD ID+OD

Up to 0.040, incl 0.25T 0.25T 0.3pT

Over P.040 to 0.050, incl 0.009 0.009 0.0n12
Over P.050 to 0.070, incl 0.010 0.010 0.014
Over D.070 to 0.080, incl Q.012 0.012 0.0116
Over P.080 to 0.090, incl 0.014 0.014 0.018
Over D.090 to 0.100, incl 0.015 0.015 0.0R0
Over D.100 to 0.150, incl 0.017 0.017 0.0R2
Over P.150 to 0.200, incl 0.020 0.020 0.0R6

Table 3B:- Maximum total depth of decarburization, Sl units

Depth of Partial Depth of Partial Depth of Partial
Decarburization Decarburization Decarbufization

Nominpl Wall Thickness (T) Millimeters Millimeters Millimeters

Millimeters ID oD ID+OD

UpP 10 T.UZ, INCI U.2O1 U.ZO1 0-30T
Over 1.02 to 1.27, incl 0.23 0.23 0.30
Over 1.27 t0 1.78, incl 0.25 0.25 0.36
Over 1.78 to 2.03, incl 0.30 0.30 0.41
Over 2.03 to 2.29, incl 0.36 0.36 0.46
Over 2.29 to 2.54, incl 0.38 0.38 0.51
Over 2.54 to 3.81, incl 0.43 0.43 0.56
Over 3.81 t0 5.08, incl 0.51 0.51 0.66

3.4.4.3 Decarburization shall be evaluated by one of the two methods of 3.4.4.3.1 or 3.4.4.3.2.
3.44.3.1 Metallographic Method
A cross section taken perpendicular to the surface shall be prepared in accordance with ASTM E1077 and visually examined

metallographically at a magnification not to exceed 100X. Optical indications of decarburization (including complete
decarburization [ferrite] plus partial decarburization) shall not exceed the limits of Table 3.
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3.4.4.3.2 Hardness Traverse Method

The total depth of decarburization shall be determined by a traverse method using microindentation hardness testing in
accordance with ASTM E384 conducted on a hardened but untempered specimen protected during heat treatment to
prevent changes in surface carbon content. Depth of decarburization is defined as the perpendicular distance from the
surface to the depth under that surface where there is not further increase in hardness. Such measurements shall be far
enough away from any adjacent surface to be uninfluenced by any decarburization on the adjacent surface. Acceptance

shall be as listed in Table 3.

3.4.4.3.3

When determining the depth of decarburization, it is permissible to disregard local areas provided the

decarburization of such areas does not exceed the limits of Table 3 by more than 0.005 inch (0.13 mm) and the
width is 0.065 inches (1.65 mm) or less.

34434

In case of dispute, the total depth of decarburization determined using the microindent

ation hardness traverse

method shall govern.

3.4.5 Flarability

Tubing shall withstand
axially with steady pres|
a flare having not less t
tubing shall be smooth

3.5 Quality

Tubing, as received by
practice for high-quality
laminations, slivers, pitd
marks, straightening m
the imperfections are rq
required.

3.5.1 Steel shall be g

3.5.2 When specified

flaring at room temperature, without formation of cracks or other visible d
sure over a hardened and polished tapered steel pin having @ 74 degree ing
nan the permanent percentage OD increase shown in Table\4. After flaring,

and shall show no evidence of a bead that might preventthe assembly of p

Table 4 - Minimum OD increase

Nominal Wall Thickness OD Increase
% of OD %
Upto 7, incl 35
Over7 45

purchaser, shall be uniformJin quality and condition and shall have a finish
aircraft tubing. It shallde smooth and free from heavy scale or oxide, burrs,
, and other imperfections detrimental to usage of the tubing. Surface imperfe
brks, light mandrel and die marks, shallow pits, and scale pattern, will not b

ircraft-quality conforming to AMS2301.

, the tubing, either with or without machining of the surface, shall pass mag

efects, by being forced
luded angle to produce
he inside surface of the
essure tight joints.

conforming to the best
seams, tears, grooves,
ctions, such as handling
e considered injurious if

movable within.the tolerances specified for wall thickness but removal of slich imperfections is not

hetic particle inspection

QTAA - A 444

in accordance
(see 8.5).

3.6 Tolerances

abla A o
VIUT A TIVI L T395%. O

Shall conform to all applicable requirements of AMS2253.

3.7 Exceptions

Any exceptions shall be authorized by the purchaser and reported as in 4.4.2.

tandards—for-acceptance—shattbeas aylccd tpon by purchaser and producer
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

The producer of tubing shall supply all samples for producer’s tests and shall be responsible for the performance of all
required tests. Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to ensure
that the product conforms to specified requirements.

4.2 Classification of Tests

4.2.1 Acceptance Tests

Composition (3.1), tensile properties (3.4.1), crushing (3.4.2), grain size (3.4.3), decarburization (3.4.4), frequency-severity
cleanliness rating (3.5.1). magnetic particle inspection (when specified) (3.5.2), and tolerances (3.6) are acceptance tests

and shall be performeg
E112 grain size test (3.
4.2.2 Periodic Tests
If grain refining elemen|
basis and shall be perfq

specified by purchaser.
unless frequency of tes|

4.3 Sampling and Te
4.3.1
Shall be in accordance

At least one sample for
lot. Specimens shall ha
4.3.2 Specimens for
shall be cut squ

44 Reports
441 The producer g
melted (e.g., f|
composition, fi
average grain s

on each heat or lot as applicable. If grain refining elements (3.4.3.2) ate
1.2.1) shall be conducted on each lot.

ts (3.4.3.2) are present, the ASTM E112 grain size test (3.4<3.1) shall be g
rmed at a frequency selected by the producer (not to exceed 1 year) unles
Flarability (3.4.5) is a periodic test and shall be performed at a frequency s
ling is specified by purchaser.

s5ting

For Acceptance Tests

with AMS2370 and the following:

the crushing test of 3.4.2 shallbe selected from each 1000 feet (305 m) or |
Ve length equal to 1.5 times.the’nominal OD of the tube.

are, with the cut end.smooth and free from burrs, but not rounded.

hall furnishywith each shipment a report showing producer identity, countt
nal meltsin the case of metal processed by multiple melting operation
equency-severity cleanliness rating of each heat, and for tensile properi
ize-of each lot, and stating that the product conforms to the other technical re

MOLAZA L

not present, the ASTM

onducted on a periodic
5 frequency of testing is
blected by the producer

ess of tubing from each

flarability test shall beull-tubes or sections cut from a tube. The end of th¢ specimen to be flared

y where the metal was
5), results of tests for
ies, and, if measured,
quirements. This report

shall include tt
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antity. If the grain size

requirement of 3.4.3.2 is met by the aluminum, vanadium, and/or columbium content, the aluminum, vanadium,
and/or columbium content shall be reported and a statement that the chemistry satisfies the grain size requirement
shall be included.

4.4.2

When material produced to this specification is beyond the sizes allowed in the scope or tables, or other exceptions

are taken to the technical requirements listed in Section 3, the report shall contain a statement “This material is
certified as AMS6373J(EXC) because of the following exceptions:” and the specific exceptions shall be listed (also

see 5.2).
45 Resampling and

Shall be in accordance

Retesting

with AMS2370.
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