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2.2 ASTM Publicatio

ns

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 E10 Brinell

Hardness of Metallic Materials

ASTM E1444  Magnetic Particle Testing

2.3 ASME Publications

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 (Mexico), 973-882-1170 (outside North America), www.asme.org.

ASME B46.1  Surfac
2.4 Definitions
Terms used in AMS ar
241 PRODUCT
The term “product” is u
as blooms, billets, bar|
and rings.

242 STRAND CAS
See Figure 1.

A “strand cast heat” i
not involved.

A “strand” is the resulti
with each heat.

A “bloom,” as used in
as-cast material that is

The “front” of a strand

The “back” of a strand

e Texture

b defined in AS7766 and as follows:

5ed to represent all types of wrought forms of uniform.€ross section (except tu
5, round-cornered squares, tube rounds, pressed-forged stock, extrusions,

TING

5 that which casts the product ofia single furnace load in a continuous ¢

ng as-cast configuration formed during strand casting; there may be one or m

the context of strand casting, is a section of the strand after it has been ¢
no longer part.of the whole strand.

s that whieh is formed first.

s that-which is formed last.

bing) commonly known
and stock for forgings

bst fashion; ingots are

ore strands associated

It from the strand; it is

The “middle” of the strand is that which is formed at the approximate mid-length of the strand.

An “inside strand” is a strand of a multiple strand heat that flows from an inside location of the molten reservoir.

An “outside strand” is a strand of a multiple strand heat that flows from an outside location of the molten reservoir.
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243 BOTTOM POURED INGOTS

See Figure 2.

A “plate” is that which is initially impinged upon by the teemed liquid metal and which then directs the liquid metal through
feeder troughs to the bottom of the ingot molds; a bottom poured heat may consist of one or more plates. Each plate may

feed one or more ingots.

An “ingot” is that which is solidified in the ingot mold. The unique features of an ingot associated with a bottom poured heat
are: (1) it is filled from the bottom rather than from the top, and (2) it is filled simultaneously with the other ingots being fed

from the same plate.

3. TECHNICAL REQUIREMENTS

3.1 Specimen Prep

3.1.1  Heat Qualific
Sampling shall be in ag

3.1.2 Product Qualif

Product (see 2.4) fronp a heat not qualified based on sampling as in 4.3 A \shall be sampled in

Samples shall be conv
3.1.3 Working and R
3.1.3.1  Solid Produg

A quarter-section shall

specimen will be approximately on the surface of the*specimen after generating to test size. T

converted into test sizg
with the machining allo
may be rolled or forged
for specimen surface r
3.1.3.2  Solid Produgd
Slabs, and H

A quarter-section shal
surface of the sample
and machining, to the

Tation
afion

cordance with 4.3.1. Samples shall be converted into test speciniens in accq

cation

prted into test specimens in accordance with 3.1.3:

ough Machining

t Over 36 Square Inches (232 mm?) Cross-Sectional Area Except Flat Bars,
be cut from the sample sufficiently oversize that the center and the outside ed
by machining, or forging and machining, to a diameter not larger than 6 inch

lvance specified in 3.1.4.1./As:an alternate method when acceptable to the pu
to a 6-inches (152-mm) round or square and an oversize quarter obtained as

t 16 to 36 Squareinches (103 to 232 mm?), Inclusive, in Cross-Sectional
lates

be cut sufficiently oversize that the center of the original specimen will bé
bfter generating to test size. The specimen shall be converted to test size b

rdance with 3.1.3.

hccordance with 4.3.2.

Slabs, and Plates

ge or OD of the original
he specimen shall be
bs (152 mm) consistent
rchaser, the full section
in 3.1.3.2. The identity

ppresenting center of.original stock shall be maintained throughout machining and testing.

Area Except Flat Bars,

approximately on the
y machining, or forging

argest’possible round consistent with the machining allowance specified in

specimen surface repr

B.1.4.1. The identity for

esenting center of original stock shall be maintained throughout machining and testing.

3.1.3.3

Solid Product Under 16 Square Inches (103 mm?) in Cross-Sectional Area Except Flat Bars, Slabs, and Plates

A quarter-section shall be cut from each sample sufficiently oversize that the center of the original sample will be
approximately on the surface after generating to test size. The quarter-section shall be converted into a test specimen by
machining to a “one-step” straight cylinder nominally 5 inches (127 mm) long. Minimum stock removal shall be consistent
with the machining allowance specified in 3.1.4.

3.1.3.3.1 As an alternate method, a step-down specimen may be generated from the full cross section in equal length
circumferential steps as shown in Table 1, consistent with the machining allowance specified in 3.1.4.
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Table 1A - Stepdown specimens. cylindrical, inch/pound units

Nominal
Diameter or Distance Step
Between Parallel Sides Length Step 1 Step 2 Step 3 Step 4 Step 5
Inches Inches Diameter  Diameter  Diameter  Diameter  Diameter
0.250 to 0.500, incl 5.000 D -- -- -- --
Over 0.500 to 0.750, incl 2.500 D 2/3D -- -- --
Over 0.750 to 1.000, incl 1.665 D 3/4D 1/2D -- --
Over 1.000 to 1.500, incl 1.250 D 4/5D 3/5D 2/5D --
Over 1.500 1.000 D 4/5D 3/5D 2/5D 1/5D

D = Original diameter or distance between parallel sides minus machining stock removed.

Table 1B - Stepdown specimens, cylindrical, SI units

Norhinal
Diameter ¢r Distance Step
Between PrIraIIeI Sides Length Step 1 Step 2 Step 3 Step 4 Step 5
Millimpeters Millimeters Diameter Diameter Diameter~.~“Diameter  Diameter
6.35to 12.70, incl 127.00 D -- -- -- --
Over 12.70[to 19.05, incl 63.50 D 2/3D - -- --
Over 19.05(to 25.40, incl 42.29 D 3/4D 1/2D -- --
Over 25.40(to 38.10, incl 31.75 D 4/5D 3/5D 2/5D --
Over 38.10 25.40 D 4/5D 3/5D 2/5D 1/5D

D = Original diameter or distance between parallel sides minus machining-stock removed.

3.1.3.4 Flat Bars

The type of test and thg location in the section shall be as agreed upon by the purchaser and vendor.|A step-down specimen
may be generated from the full cross section in equal length-steps as shown in Table 2.

Table 2A - Stepdown specimens, flat bar, inch/pound units

Nominal Step
Thickneps Length Step 1 Step 2 Step 3 Step 4 Step 5
Inches Inches Thickness Thickness Thickness Thickmess Thickness
Up to 0.250, incl 5.000 T - - 4 -
Over 0.250 to P.500, incl 2.500 T 2/3T - -+ -
Over 0.500 to 1.000, incl 1.250 T 3/4T 12T 1/4T -
Over 1.000 1.000 T 4/5T 3/5T 2/5T 1/5T

T = Original nomina| thickiiess minus machining stock removed.

Table 2B - Stepdown specimens, flat bar, SI units

Nominal Step
Thickness Length Step 1 Step 2 Step 3 Step 4 Step 5
Millimeters Millimeters Thickness  Thickness Thickness Thickness  Thickness
Upto 6.35,incl 127.00 T -- -- -- --
Over 6.3510 12.70, incl 63.50 T 2/3T -- -- --
Over 12.70 to 25.40, incl 31.75 T 3/4T 1/2T 1/4T --
Over 25.40 25.40 T 4/5T 3/5T 2/5T 1/5T

T = Original nominal thickness minus machining stock removed.
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3.1.3.5 Slabs or Plates

A straight cylindrical or rectangular specimen shall be machined, or forged and machined, from each slab or plate tested.
The specimen shall be taken essentially parallel to the direction of rolling, midway between edge and center of the slab or
plate width, shall be nominally 5 inches (127 mm) in length, and not more than 4 inches (102 mm) in final diameter
or thickness.

3.1.3.5.1  Product Up to 4 Inches (102 mm), Inclusive, in Nominal Thickness

A straight cylindrical specimen shall represent the full thickness consistent with the machining allowance specified in 3.1.4.3.

3.1.3.5.2 Product Over 4 to 8 Inches (102 to 203 mm), Inclusive, in Nominal Thickness

A straight cylindrical specimen shall represent surface to mid-thickness consistent with the machining allowance specified
in 3.1.4.3.

3.1.3.5.3  Product Oyer 8 Inches (203 mm) in Nominal Thickness
A straight cylindrical gpecimen shall be taken so that the axis is approximately niidway betyveen the surface and
mid-thickness, and shall have a diameter equal to one-third the nominal thickness, of the section, allowing 0.010 inch per
side for finish machining after heat treatment.
3.1.3.6  Tubing
3.1.3.6.1 Up to 10 Inches (254 mm), Inclusive, in Nominal OD

Specimens nominally § inches (127 mm) in length shall be machined to straight cylindrical sectigns in accordance with
3.1.4.21.

3.1.3.6.2 Over 10 Inches (254 mm) in Nominal OD with Nominal Wall Thickness Up to 2 Inches (61 mm), Inclusive

Specimens nominally $ inches (127 mm) in length shall be machined to straight cylindrical sectigns in accordance with
3.1.4.22.

3.1.3.6.3  Over 10 Iriches (254 mm) in Nominal OD with Nominal Wall Thickness Over 2 to 4 Ihches (51 to 102 mm),
Inclusive

Specimens nominally §inches (127 mm)in length representing the full cross section, less the machinjng allowance specified
in 3.1.4.2.2, shall be mpachined to_straight cylindrical sections.

3.1.3.6.4 Over 10 Inches {254 mm) in Nominal OD with Nominal Wall Thickness Over 4 Inches (102 mm)

Specimens nominally § inches (127 mm) in length, representing the inside surface to the mid-thickngss of the wall, less the
machining allowance specified in 3.1.4.2.2, shall be machined to straight cylindrical sections.

3.1.4  Machining
3.1.4.1  Product Other Than Tubing, Flat Bars, Slab, and Plate

The converted sample shall be machined to conform to the allowance shown in Table 3 for surface removal, allowing
0.010 inch (0.25 mm) per side for finish machining after heat treatment.
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Table 3 - Stock removal

Nominal
Diameter or Least Distance
Between Parallel Sides
Inches (Millimeters)

Minimum
Stock Removal

Inches (Millimeters) per Side

0.250 t0 0.500 ( 6.35t0 12.70), incl 0.030 (0.76)
Over 0.500 to 0.750 ( 12.70to 19.01), incl 0.045 (1.14)
Over 0.750 to 1.000 ( 19.01to 25.40), incl 0.060 (1.52)
Over 1.000 to 1.500 ( 25.40to 38.10), incl 0.075 (1.91)
Over 1.500 to 2.000 ( 38.10to 50.80), incl 0.090 (2.29)
Over 2.000 to 2.500 ( 50.80to 63.50), incl 0.125 (3.18)
Over 2.500 to 3.500 ( 63.50to 88.90), incl 0.156 (3.96)
Over 3.500 to 4.500 ( 88.90 to 114.30), incl 0.187 (4.75)
Over 4.500 0 6.000 (114.30 To 152.40), incl 0.250 (6.35)

3.1.4.2 Tubing

3.1.421 Upto10 Iy

Tubing with nominal we
whichever is less, remd

(6.35 mm) and over shpll be machined to conform to the stock removal requirement shown in Table

ches (254 mm), Inclusive, in Nominal OD

Il thickness under 0.250 inch (6.35 mm) shall have 10% of the \wall thickness g
ved from the OD after heat treatment. Samples from tubifig with nominal wall

Table 4 - Stock removal, tubing

r0.015inch (0.38 mm),
thickness of 0.250 inch

4.

Minimum Stock Removal
Inches (Millimeters) per Side

Machined Diameter
Inches (Millimeters)

Upto 2-1/2( 635 ), ifcl 0.044 (1.12)
Dver 2-1/2to 3-1/2 ( 63.5t0 88.9);incl 0.046 (1.17)
Dver 3-1/2 to 4-1/2 ( 88.9 to 114.3), incl 0.052 (1.32)
Dver 4-1/2 to 5-1/2 (114.3 to 189.7), incl 0.057 (1.45)
Dver 5-1/2 to 6-1/2 (139.7-t0:165.1), incl 0.064 (1.63)
Dver 6-1/2to 8 (165.1+0 203.2), incl 0.074 (1.88)
Dver8  t0 10 (208.2 to 254.0), incl 0.087 (2.21)

3.1.4.2.2

Tubing with nominal v
representing the full cr
allowing 0.010 inch (0
thickness over 4 inche
mid-thickness of the

Tubing Over 10 Inches (254.mm) in Nominal OD

all thickness-up to 4 inches (102 mm), inclusive, shall be turned to strai
bss section-of the wall, less allowance of 0.150 inch (0.38 mm) stock remova
25 mm) per side for finish machining after heat treatment. Samples from tu
s (102"mm) shall be turned to cylindrical sections representing the cross s

pht cylindrical sections

on the OD and ID and
bing with nominal wall
ection from the OD to

allless allowance of 0.150 inch (0.38 mm) stock removal on the OD, anpd allowing 0.010 inch

(0.25 mm) per side for finish machining after heat treatment.

3.1.43

Flat Bars, Slabs, and Plates

Allowance of 20% of the nominal thickness or 0.100 inch (2.54 mm), whichever is less, shall be made for minimum stock
removal, allowing 0.010 inch (0.25 mm) per side for finish machining after heat treatment.

3.1.5

Heat Treatment

Unless otherwise specified, rough machined specimens shall be hardened by suitably austenitizing, quenching, and
tempering, or by solution and precipitation heat treating, to produce hardness not lower than 200 HB. Hardness testing shall
be in accordance with ASTM E10. Following heat treatment, surface scale may be removed by grit blasting or another

suitable method.
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3.1.6  Finish Machining

The heat-treated specimens shall be finished machined to a surface texture not rougher than 32 pin AA, determined in
accordance with ANSI B46.1. Rateable surface of specimens shall be nominally 5 inches (127 mm) in length. The ends of
the specimen shall be finished to provide good electrical contact.

3.2 Inspection

Magnetic particle testing shall be performed in accordance with ASTM E1444 by the circular, wet, continuous method
(see 8.3) using 800 to 1200 A/in (32 to 48 A/mm) of diameter, or using another magnetic particle procedure acceptable to
the purchaser. If the stepdown bar (3.1.3.3, 3.1.3.4) is used, the smallest step shall be magnetized and inspected first; the

larger steps shall be magnetized and inspected individually in succession of increasing size until all steps have been
evaluated. If a longitudinal slice from slab or plate, as in 3.1.3.5 is used, only the longitudinal surfaces perpendicular to the

two faces of the slab or plate shall be inspected.

3.2.1 Cleanliness s
inspection, revj
subject to rejg
consequence

original test log
3.2.2 The results of
filed, and madjs
3.3 Evaluation of Stg
After inspection, each
severity (size) of the in

3.3.1  Frequency (F)
3.3.1.1  The number
3.3.1.2 The frequen

by the area ¢
specimen by

3.3.1.3 The frequen

3.3.1.4 The average

number of t¢g

3.3.2 Severity (S)

andards presented herein govern nonmetallic inclusions only (see (8.3
pals indications representing actual ruptures, such as cracks, seams;)laming
ction except where these defects result from sample preparation.”If su
bf sample preparation, a replacement retest sample may be obtaitied from 1
ation.

magnetic particle inspection shall be appropriately recorded. All recorded reg
e available to the purchaser upon request.

el Cleanliness

ndication 1/16 inch (1.58 mm) and over inMength shall be recorded. The fr|
Hications shall be calculated as follows:

of indications per test speciment:is totaled.

Cy rating per specimen is determined by dividing the total number of indicati
f the test specimen in ‘square inches (by dividing 6.45 times the total numbe
the test surface area,of the specimen in square centimeters).

Ly ratings for allitest specimens from a heat are totaled.

frequency (F) equals the total frequency rating for all test specimens fron
st specimens.

. Steel which, during
tions, and laps, will be
Ch indications are the
haterial adjacent to the

ults shall be identified,

bquency (number) and

bns for each specimen
of indications for each

a heat divided by the

3.3.2.1

3.3.2.2

The length of each indication is recorded.

appropriate progression factor shown in Table 5.

Table 5 - Progression factor for severity rating

Length of Indication

Inches (Millimeters) Progression Factor

11610 1/8( 1.59to 3.18), incl 05( 3.2
Over 1/8 to 1/4( 3.18to 6.35), incl 1 ( 6.5)
Over 1/4 to 1/2( 6.35 to 12.70), incl 2 (13)
Over 1/2 to 3/4(12.70 to 19.05), incl 4 (26 )
Over 3/4 to1  (19.05 to 25.40), incl 8 (52 )
Over 1 to1-1/2(25.4 to38.1 ), incl 16 (103 )

The product for each specimen is computed by totaling the product of the number of indications times the
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3.3.2.2.1  Specimens which contain indications representing nonmetallic inclusions over 1-1/2 inches (38.1 mm) in length
shall be subject to rejection.

3.3.2.3 The severity rating per specimen is determined by dividing the product for each specimen by the area of the
specimen in square inches (square centimeters).

3.3.2.4  The severity ratings for all test specimens from a heat are totaled.

3.3.2.5 The average severity (S) equals the total severity rating for all test specimens from a heat divided by the number
of test specimens.

3.4 Disposition

Product inspected in accordance with this specification shall conform to the following maximum frequency and
severity ratings:

3.4.1 Heat Qualificafion (see 4.3.1)

3.4.1.1  Product Othér Than Slab, Sheet, Strip, and Plate
3.4.1.1.1  Individual Test Bar

As shown in Table 6.

Table 6 - Maximum frequency and severity ratings

Carbon Content Ratings Ratings
Percent Frequency  Severity
Up to 0.25, excl 0.75 0.75
0.25 and over 0.67 0.55

3.4.1.1.2 Average of All Test Bars from a Heat
As shown in Table 7.

Table 7.- Maximum frequency and severity ratings

Carbon Content Ratings Ratings
Percent Frequency  Severity
Up to 0.25, excl 0.40 0.35
0.25 and over 0.37 0.32

3.4.1.2 Slabs and Plate

As shown in Table 8.

Table 8 - Maximum frequency and severity ratings

Average of All Tests From a Heat Average of All Tests From a Heat
Frequency Severity
0.80 0.67
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3.4.2 Production Qualification (see 4.3.2)
3.4.2.1  Product Other Than Sheet, Strip, and Plate
3.4.21.1 Individual Test Bar
As shown in Table 9.
Table 9 - Maximum frequency and severity ratings
Product Nominal Diameter Carbon Content Ratings Ratings
Inches (Millimeters) Percent Frequency  Severity
Up to 2.500 (63.50), excl Up to 0.25, excl 1.10 1.05
0.25 and over 1.00 0.95
2.500 (63.50) and over Up to 0.25, excl 0.80 0.80
0.25 and over 0.80 0.97
3.4.2.1.2 Average of All Test Bars from a Heat
As shown in Table 10.
Table 10 - Maximum frequency and severity ratings
FProduct Nominal Diameter Carbon Cantent Ratings Ratings
Inches (Millimeters) Percent Frequency  PBeverity
1.00p to 2.500 (25.40 to 63.50), incl Up to 0.25, excl 0.90 0.85
0:25 and over 0.85 0.80
Qver 2.500 (63.50) Up.1e:0.25, excl 0.40 0.35
0.25 and over 0.37 0.32

34.21.21 Product

3.4.2.2

using th
inspecte
severity

Sheet and S

Shall have maximum ir

343

under 1.000 inch (25.4 mm) in_nominal diameter or least distance between j
b straight cylindrical test bars of product under 16 square inches (103 cm?)

ratings agreed upon by purchaser and vendor.
rip

dividual and.average frequency and severity ratings agreed upon by purcha

Product insped

the specified lifnits may*be reevaluated for specific applications when permitted by the purch
one or two steJ:s of’the alternate stepdown specimen may be waived by purchaser when f{
not considered critical for the end product

ted in acCordance with this specification and having frequency, severity, or

arallel sides inspected
n cross-sectional area

d by the alternate step-down specimen (see 3.1.3.3), shall have maximum a@verage frequency and

ser and vendor.

poth ratings exceeding
aser. Evaluation of any
he area represented is

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

The vendor of the product shall supply all samples for the vendor’s tests and shall be responsible for the performance of all
required tests. The 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

All applicable requirements are acceptance tests and shall be performed as specified in 4.2.1 or 4.2.2.
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4.21

Heat Qualification

Tests in accordance with 4.3.1 to determine conformance to “heat qualification” requirements, if acceptable, need be
conducted only once per heat.

4211

4.2.2 Product Qualifi

cation

Heats which have been qualified as semi-finished product shall be considered qualified for finished product.

Tests to determine conformance to requirements on product not “heat qualified” shall be conducted on product of each size
and shape of each lot made from each heat.

4.3

Sampling and Testing

The sampling procedu
required from a heat W
described in 4.3.2.

4.31

4.3.1.1 Heats of Tof
Samples shall be take
usable ingot from heat
within these limits; and
or over 60000 pounds
4.3.1.2 Heats of Bof
Samples shall be take
shall be taken at randd
the middle of the heat,
produced, samples sha

4.3.1.21 If there ar
all ingots.
4.3.1.3 Strand-Cast

e for heat qualification shall be as described in 4.3.1. No further sampling.b
hich meets the requirements of 3.4.1. The sampling procedure for product

Heat Qualificafion

-Poured Ingots

n from semi-finished or finished product representing; the top and bottom of
s having not more than ten ingots or not over 60000. pounds (27216 kg) or
from the top and bottom of the first, middle, and lastjusable ingot of heats havi
27216 kg).

om-Poured Ingots

n from semi-finished or finished product representing the top and bottom of

y the producer shall be
ualification shall be as

the first ingot and last
from portions of heats
ng more than ten ingots

hree ingots. One ingot

m from the first usable plate poured, one ingot at random from the usable plate poured nearest to

and one ingot at random from the last usable plate poured. When less than th
Il be taken from the top and“bottom of one random ingot per plate.

b less than three ingots in the heat, samples shall be taken representing

Heats

Samples shall be taker
strand (or samples o

from semi-finished or finished product having at least a 3:1 reduction in cros
e as‘cast strand similarly reduced) representing the front, middle, and bac

ree plates per heat are

the top and bottom of

s section from the cast

of both strands when
Fe cast. When a single

f
two strands are cast,r}_l” of;an inside strand and an outside strand when more than two strands a
strand is cast, six sanjpleés having at least a 3:1 reduction from the cast strand (or samples of th
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4.3.2 Product Qualification

Samples shall be taken at random from not less than 10% of the pieces of each lot. A lot shall be all product of one size
from one heat in one shipment. Not less than three nor more than ten samples shall be selected from a lot, except that if
the quantity in the lot is three pieces or less, one sample shall be taken from each piece.

4.4 Reports

The vendor of the product shall include the AMS2303G frequency-severity rating for each heat or lot in the shipment, in
addition to other information required by the applicable material specification.
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