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2.1 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.

ASTME 10 Brinell Hardness of Metallic Materials
ASTM E 1444 Magnetic Particle Testing
2.2 ANSI Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-
4900, www.ansi.org.

ANSI B46.1 Surface Texture

3. TECHNICAL REQUIREMENTS

3.1 Specimen Preparation

3.1.1  Heat Qualificafion

Sampling shall be in agcordance with 4.3.1. Samples shall be converted into test specimens in accprdance with 3.1.3.

3.1.2 Product Qualification
Product from a heat ng

be converted into test §

t qualified based on sampling as in 4.3.1_shall be sampled in accordance wit
pecimens in accordance with 3.1.3.

h 4.3.2. Samples shall

3.1.3 Working and Hough Machining

3.1.3.1  Solid Produg
A quarter section shg
approximately on the g
a 3 to 6 inch (76 to 1
direction of rolling. As
and an oversize quart
nominally 5 inches (12

t 12 Inches (305 mm) and Over in Nominal Diameter or Distance Between P

Il be cut from the sample sufficiently oversize that the center of the ¢
urface of the specimen after generating to test size. The quartered section
b2 mm) round or{sguare, maintaining the axis of the forging approximately,
an alternate method, the full section may be rolled or forged to a 6-inch (15
er obtained{as'in 3.1.3.3. Specimens shall be rough machined to a “one
7 mm) long.” Minimum stock removal shall be consistent with the machini

arallel Sides

riginal sample will be
shall then be forged to
parallel to the original
P-mm) round or square
-step” straight cylinder
ng allowance specified

in3.1.4.1.

3.1.3.2 or Distance Between

Solid Produg¢ttOver 6 to 12 Inches (152 to 305 mm), Exclusive, in Nominal Diamete
Parallel SideSTEXcept Slabs and Prates

A quarter section shall be cut from each sample sufficiently oversize that the center of the original sample will be
approximately on the surface of the specimen after generating to test size. The quarter section shall be converted into a
test specimen by machining, or forging and machining, to a 3 to 6 inch (76 to 152 mm) round or square. Specimens shall
be rough machined to a “one-step” straight cylinder nominally 5 inches (127 mm) long. Minimum stock removal shall be
consistent with the machining allowance specified in 3.1.4.1.

3.1.3.3  Solid Product 6 Inches (152 mm) and Under in Nominal Diameter or Distance or Distance Between Parallel
Sides 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 of the specimen 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 3.1.4.1.
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3.1.3.3.1  As an alternate method, a stepdown specimen may be generated from the full cross-section in equal length

circumferential steps as shown in Table 1.

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 tq 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 djameter or distance between parallel sides minus machining stock removed.
TABLE 1B - STEPDOWN SPECIMENS — CYLINDRICAL (St UNITS)
Nomina
Diameter or Distance Step
Between Parallg¢l Sides Length Step 1 Step 2 Step 3 Step 4 Step 5
Millimettefs Millimeters  Diameter  Diameter Diameter Diameter Diameter
6.35t0 12.70, incl 127.0 D - -- -- --
Over 12.70 to 19.05, incl 63.50 D 2/3D -- -- --
Over 19.05 to 2§.40, incl 42.29 D 3/4D 1/2D -- --
Over 25.40 to 3§8.10, 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 diamieter or distance between parallel sides minus machining stock removed.
3.1.3.4 FlatBars
Specimens nominally p inches (127.m) long shall be rough machined to equal-length steps gcross the width of the
specimen, in accordance with Table 2, allowing 20% of the thickness or 0.100 inch (2.54 mm),| whichever is less, for
minimum stock removgl. Allowance of 0.010 inch (0.25 mm) shall be made for finish machining.
TABLKE 2A - STEPDOWN SPECIMENS - FLAT BARS (INCH/POUND UNITS

Ste
Nominal Thickness LengF:h Step 1 Step 2 Step 3 Step 4 Step 5
Inches Inches Thickness  Thickness  Thickness  Thickness  Thickness
Up 10 0.250, incl 5.000 T -- -- -- --
Over 0.250 to 0.500, 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 nominal thickness minus machining stock removed.
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TABLE 2B - STEPDOWN SPECIMENS - FLAT BARS (SI UNITS)
Step
Nominal Thickness Length Step 1 Step 2 Step 3 Step 4 Step 5
Millimeters Millimeters Thickness  Thickness Thickness Thickness Thickness
Up to 6.35,incl 127.00 T -- -- -- --
Over 6.35 to 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.

3.1.3.5

A straight cylindrical of

Slabs or PIaIeS

rectangular specimen shall be machined, or forged and machined,~from ea

The specimen shall bg¢ taken essentially parallel to the direction of rolling at the center, of the §

thickness and shall be
thickness.

3.1.3.51

A straight cylindrical
in 3.1.4.1.

3.1.3.5.2 Product O

A straight cylindrical sy
in 3.1.4.1.

3.1.3.5.3 Product O

A straight cylindrical
thickness, and shall ha
3.1.3.6  Tubing

3.1.3.6.1 Nominal W

Specimens, nominally
and 1/4T, allowing 0.1

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

specimen shall represent the full thickness consistent with the machinin

er 4 to 8 Inches (102 to 203 mm), Inclusiveyin Nominal Thickness

ecimen shall represent surface to mid-thickness consistent with the machin

er 8 Inches (203 mm) in Nominal Thickness

pecimen shall be taken ‘so that the axis is approximately midway betweer]
ve a diameter equal-fo-one-third the nominal thickness of the section.

all Thickness 0.250 Inch (6.35 mm) and Over

DO”inch (2.54 mm) on the diameter for stock removal. Allowance of 0.010

Ch slab or plate tested.
lab or plate width and

nominally 5 inches (127 mm) in length, and not more than 4 inches (102 mim) in final diameter or

g allowance specified

ng allowance specified

the surface and mid-

5 inches (127 mm) long, shall be rough machined to 4 equal circumferential steps, T, 3/4T, 1/2T,

inch (0.25 mm) on the

T = KA+ ] TP B+ EYN Py biat 1)
T O T AT WA tTMORTTC S ST U S e TTac Ty Almovwarto!

N
C.

radii for finish machini

3.1.3.6.2

ball b 2|
Y omamiotTITTaac,

Nominal Wall Thickness Under 0.250 Inch (6.35 mm)

Specimens, nominally 5 inches (127 mm) long, after heat treatment as in 3.1.5, shall have 10% of the wall thickness or
0.015 inch (3.81 mm), whichever is less, removed from the outer diameter and be tested as a straight cylinder.

3.1.4  Machining

3.1.4.1

Product Other Than Flat Bars, Slabs, and Plates Over 8 Inches (203 mm) Thick, and Tubing

The converted sample shall be machined to conform to the allowance of 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 Distance
Between Parallel Sides
Inches (Millimeters)

Minimum
Stock Removal
Inch (Millimeters) per Side

0.250 t0 0.500  (6.35 to 12.70), incl 0.030 (0.76)
Over 0.500 t0 0.750  (12.70 to 19.01), incl 0.045 (1.14)
Over 0.750 to 1.000  (19.01 to 25.40), incl 0.060 (1.52)
Over 1.000 to 1.500  (25.40 to 38.10), incl 0.075 (1.91)
Over 1.500 to 2.000  (38.10 to 50.80), incl 0.090 (2.29)
Over 2.000 16 2,500 (50.80 1o 63.50), Incl 0125 (3.18)
Over 2.500 to 3.500  (63.50 to 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 to 6.000 (114.30 to 152.40), incl 0.250 (6:35)

3.1.5 Heat Treatmer
Rough machined spec
solution and precipitati
low hardenability. Har
or slightly reducing at
acceptable method.
3.1.6  Finish Machini
The heat treated sp¢
determined in accorda
contact.

3.2 Inspection
Magnetic particle testi
(See 8.3) using 800 to
acceptable to purchas
steps shall be magneti
If a longitudinal slice fr
of the slab or plate sha

t

mens shall, if necessary, be heat treated by suitably-austenitizing, quenchin
on heat treating to produce hardness of 248 to 352"HB or appropriate lowg
iness testing shall be in accordance with ASTM-E10. Specimens shall be g
mosphere. Following heat treatment, surface scale may be removed by

9

cimens shall be finish machined-to surface roughness not greater tha
nce with ANSI B46.1.

ng shall be performied in accordance with ASTM E 1444 by the circular, w

br. If a stepdown bar is used, the smallest step shall be magnetized and in
red and inspected individually in succession of increasing size until all stepg
bm slab or plate, as in 3.1.3.5, is used, only the longitudinal surfaces perpen
| bejinspected.

g, and tempering or by
r hardness for steel of
ustenitized in a neutral

grit blasting or other

32 microinches AA,

Thecends of the specimen shall be finished to provide good electrical

et, continuous method

1200 amperes-per inch (32 to 48 amperes/mm) of diameter or another magnetic particle procedure

spected first; the larger
have been evaluated.
Hicular to the two faces

3.21

Cleanliness standards presented herein govern nonmetallic inclusions only (See 8.3).

Steel that, during

inspection, reveals indications representing actual ruptures, such as cracks, seams, laminations, and laps, will be

subject to rejection except where these defects result from sample preparation.

If su

ch indications are the

consequence of sample preparation, a replacement retest sample may be obtained from material adjacent to the
original test location.

3.2.2

The results of the magnetic particle testing shall be appropriately recorded.
identified, filed,

and made available to purchaser upon request.

All recorded results shall be
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3.3 Evaluation of Steel Cleanliness

After inspection, each indication 1/64 inch (0.4 mm) and over shall be recorded on an inspection chart. All recorded

results shall be identified, filled, and, upon request, made available to purchaser. Records shall be available for at least

three years after shipment of the product. The frequency rating (F) number and the severity rating (S) length of the

indications shall be calculated as follows:

3.3.1  Frequency (F)

3.3.1.1  The number of indications per test specimen is totaled.

3.3.1.2 The frequency per specimen is determined by dividing the total number of indications for each specimen by the
test surface area of the specimen frequency in square inches(by dividing 6.45 times the total number of
indications fgreachspecimenby thetestsurfaceareaof thespecimemimsquarecentimgters)..

3.3.1.3  The frequengy ratings for all test specimens from a heat are totaled.

3.3.1.4 The averagq frequency rating (F) equals the total frequency rating for all test, specimens|from a heat divided by
the number ¢f test specimens.

3.3.2 Severity (S)
3.3.2.1  The length of each indication is recorded.

3.3.2.2 The product| for each specimen is computed by totaling the product of the number of indications times the
appropriate progression factor shown in Table 4.

TABLE 4 - PROGRESSION FAGTOR FOR SEVERITY RATING

Length of Indication

Inch (Millimeters) Progression Factor
1/64 to 1/32 (0.40 to'0.79), excl 2( 13)
1/32 to 1/16 (0,79 to 1.59), excl 4( 26)
1/16 to 1/8 )(1.59 to 3/18), excl 16 ( 103)
1/8 (3+18)and over 256 (1650)

3.3.2.3 The severity| rating per specimen is determined by dividing the product for each specinjen by the test surface
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 requirements:

3.4.1 Product inspected for heat qualification as in 4.3.1 and for product qualification as in 4.3.2 shall conform to a
maximum average frequency rating (F) of 0.25 and a maximum average severity rating (S) of 0.50.

3.4.2 Product inspected in accordance with this specification and having frequency-severity rating exceeding the
specified limits may be reevaluated for specific applications when permitted by purchaser. Evaluation of any one
or two steps of stepdown specimens may be waived by purchaser when the area represented is not considered
critical for the end product.
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4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

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

required tests.

ensure that the product conforms to specified requirements.

4.2 Classification of Tests

Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to

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

4.2.1

Heat Qualification

Tests of samples take
conducted only once p

4.21.1 Heatsthath

4.2.2 Product Qualif
Tests on product not
each heat.

4.3 Sampling and Te

The sampling procedu
by the producer shall
sampling procedures s

4.3.1

4.3.1.1 Heats of Tog
Samples shall be take
usable ingot from hea
heats within these limif
10 ingots or over 60 0(

4.3.1.2 Heats of Bot

h as in 4.3.1 to determine conformance to heat qualification requirements,
er heat.

hve been qualified as semi-finished product shall be considered qualified for
cation

"heat qualified" shall be conducted on product of each size and shape ¢

sting

e for heat qualification described in 4.3.1:shall be performed by the producs
be required from a heat that meets the requirements of 3.4.1. For prod
hall be as described in 4.3.2.

Heat Qualificafion

-Poured Ingots

h from semi-finished~or finished product representing the top and bottom of]
s having not more,than 10 ingots, or not over 60 000 pounds (27 216 kg
s; and from thetop and bottom of the first, middle, and last usable ingot of K
0 pounds (27-216 kgs).

om-Poured Ingots

if acceptable, need be

finished product.

f each lot made from

r. No further sampling
uct not heat qualified,

the first ingot and last
5) , or from portions of
eats having more than

Samples shall be takeT from semi-finished or finished product representing the top and bottom of three ingots. One ingot
shall be taken at random from the 1irst usable plate poured, one ingot at random irom the usable plate poured nearest to
the middle of the heat, and one ingot at random from the last usable plate poured. When a heat consists of two usable

plates, two of the sample ingots shall be selected from the second usable plate poured. When a heat consists of a single
usable plate, any three random ingots may be selected.

4.3.1.2.1 If there are less than three ingots in the heat, samples shall be taken representing the top and bottom of all
ingots.
4.3.1.3 Strand-Cast Heats

Samples shall be taken from semi-finished or finished product having at least a 3:1 reduction in cross-section from the
cast strand, or samples of the as-cast strand similarly reduced, representing the front, middle, and back of both strands
when two strands are cast, or of an inside strand and an outside strand when more than two strands are cast. When a
single strand is cast, six samples having at least a 3:1 reduction from the cast strand, or samples of the cast strand
similarly reduced, representing both ends of the first, middle, and last usable cuts (blooms) of the strand or product shall
be taken.
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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 AMS2304B frequency-severity rating for each lot in the shipment, in addition to
other information required by the applicable material specification.

4.5 Resampling and

4,51 Product Other
If any specimen used
based on the results
specimens shall be as
45.1.1 Heats of Tof
One of the additional s
most immediately adjq
specimen shall be tak
specimen be unaccey
consecutive discards 2
specified requirements
original nonconforming
45.1.2 Heats of Bot
One of the additional s
most immediately adja
be taken from produd
unacceptable, resampl
as necessary to obtain
resampling and retesti
ingot.

451.21 If there ard

45.1.3 Strand Cast

Retesting

TamStabsanmdPtates

in the above tests fails to meet the specified requirements, dispositién) of
of testing three additional specimens for each original noncenferming
follows:

-Poured Ingots

pecimens shall be taken from the same position from<roduct from each of t
cent in pouring sequence to where the originally nenconforming specimen

table, resampling and retesting of the nonconforming ingot may be re
S necessary to obtain acceptable results. \Shoéuld any of the adjacent inga
, resampling and retesting of these ingots ‘will be permitted using the proc
ingot.

om-Poured Ingots

pecimens shall be taken from:the same position from product from each of t
cent to that from which the.originally nonconforming specimen was taken. T
t of the original nonconforming ingot after additional discard. Should t
ng and retesting of-the nonconforming ingot may be repeated after as man
acceptable results;~Should any of the adjacent ingot tests fail to meet the §
hg of those ingots will be permitted using the procedure specified for the

less than three ingots in the heat, all test locations that fail shall be retested

Heats

he heat or lot may be
specimen; additional

he two available ingots
was taken. The third

en from product of the original nonconforming ingot after additional discard. Should the latter

peated after as many
t tests fail to meet the
bdure specified for the

he two available ingots
ne third specimen shall
ne latter specimen be
y consecutive discards
bpecified requirements,
priginal nonconforming

after discard is taken.

One of the additional samples shall be taken from the section adjacent to the original nonconforming specimen after
sufficient discard, and the two adjacent cuts (blooms) shall be sampled at both ends and tested. Should any of the
adjacent cut (bloom) test locations fail to meet the specified requirements, resampling and retesting of those locations will
be permitted using the procedure specified for the original nonconforming location.

4.5.2 Slab and Plate

45.2.1 For Heat Qualification

If the average of the specimens from a heat fails to meet the requirements of 3.4 for the average of all original specimens,
disposition of the heat may be based on the results of testing three additional specimens for each original specimen to be
retested. Two of the additional specimens shall be taken so as to be representative of the heat. The third specimen shall
be taken from the original nonconforming slab or plate after additional discard. Should the average of the results on the
original specimens not requiring retesting plus those on the additional specimens fail to meet the requirements of 3.4,
resampling and retesting may be repeated after as many discards as necessary to obtain acceptable results.
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