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1. Scope*

1.1 This test method covers the determination of thy
hardness of metallic materials by the Brinell j
hardness principle. This standard provides the requ;
a Brinell testing machine and the procedures fg
Brinell hardness tests.

1 Thiﬁ test melhod includes requirementﬁ

tion requirements and can only
cation requirements are covered

1.3 This standard includes
following annexes:

Venﬁcanon of Brinell Hardnsss T

Standardization of Brinell Hardness Irid

Standardization of Brinelf Hardness Test BIg

1.4 This standard includes nonmandatory infi
following appendixes that relates to the Brinel

Table of Brinell Hardness Numbers

Examples of Procedures for Determining

Brinell Hardness Uncertainty

1.5 At the time the Brinell hardness test was devel
force levels were specified in units of kilograms-forcégkef).
Althongh this standard specifies the unit of force in the
International System of Units (SI) as the Newton (N), because
of the historical precedent and continued common usage of kgf
units, force values in kgf units are provided for information and
much of the discussion in this standard refers to forces in kgf
units.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

UThis test method is under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and is the direct responsibility of Subcommittee E28.06 on
Indentation Hardness Testing.

Curent edition approved July 1. 2018. Published August 2018, Originally
approved in 1924. Last previous edition approved in 2017 as E10-17. DOL
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responsibility of the user of this standard to establish appro-

pnate safety, health, and environmental practices and deter-

ine the applicability of regulatory limitations prior to use.
1.7 This international standard was developed in accor-
nce with internationally recognized principles on standard-
zation established in the Decision on Principles for the
f International Standards, Guides and Recom-
by the World Trade Organization Technical
(IBT) Committee.

thod for Indentation Hardness of Metallic
by Comparison Hardness Testers
Method for Leeb Hardness Testing of Steel

iitness of Aluminum
Gage

igits in Test Data to
fications

efification for Force-

E74 Practices for Calibration aiig
Measuring Instruments

E110 Test Method for Rockwell and Brinell Hardness of
Metallic Materials by Portable Hardness Testers

E140 Hardness Conversion Tables for Metals Relationship
Among Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, Sclero-
scope Hardness, and Leeb Hardness

E384 Test Method for Microindentation Hardness of Mate-
rials

2.2 American Bearings Mamifacturer Association Sian-
dard:
ABMA 10-1989 Metal Balls®

I E it the ASTM websile, www.astm.org, or
contact ASTM Customer .org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM websile.

* Available from American Bearing Manufacturers Association (ABMA), 2025
M Street. NW, Suite 800, Washington, DC 20036, htp://www.americanbearings.org.
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2.3 ISO Standards:

ISOVIEC 17011 Conformity Assessment—=General Require-
ments for Accreditation Bodies Accrediting Conformity
Assessment Bodies®

ISOMIEC 17025 General Requirements for the Competence
of Calibration and Testing®

3. Terminology and Equations

3.1 Definitions:
3.1.1 calibration—determination of the values of the sig-
nificant parameters by comparison with values indicated by a
reference instrument or by a set of reference standards.

3.1.2 verification—checking or testing to as
mance with the specification.

ur

3.1.3 standardization—to bring in conform
known standard through verification or calibrag

3.1.4 Brinell hardnress test—an indentati
using a verified machine to force an indente:
ball with diameter [)), under specified c
surface of the material under test. The diamet
indentation 4 is measured after removal of

Sten carbide:
s, into the

3.1.5 Brinell hardness number—a namb
tional to the quotient obtained by dividi
curved surface area of the inde
spherical and of the diameter

3.1.6 Brinell hardness s
the specific combination
used to perform the Brigg

3.1.7 Brinell hardn
machine used for general ™

3.1.8 Brinell hardness st §
hardness machine used for thé standard
hardness test blocks. The standardizing mac
regutar Brinell hardness testing machine
tolerances on certain parameters.

3.19 force-diameter ratio—a number calcut
of the test force in kgf to the square of the
diameter in mm (see Table 1).

3.1.10 portable Brinell hardness testing machine—a Brinell
hardness testing machine that is designed to be transported,
carried, set up, and operated by the users, and that measures
Brinell hardness by the Brinell hardness test principle.

3.1.11 movable Brinell hardness testing machine—a Brinell
hardness testing machine that is designed to be moved to
different locations on a moveable frame, table or similar
support that is integral to the testing machine (for example,
securely fixed to a rolling table), or a Brinell hardness testing
machine that is designed to move into the testing position prior
to a test, (for example, securely fixed to a moving support army),
and has been previously verified to ensure that such moves will
not affect the hardness result.

3.2 Equations:

* Available from American National Standards Institate (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, hitp://www.ansi.org.
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TABLE 1 Symbols and Designations

Symbol Designation
D Diameter of the ball, mm
F Test force, N
Frgr Test force, kgf
Fo= A xF
g,
where g, is the acceleration due to gravity.
g, = 9.80665 Nrkgf
d Diameter value of the indentation, mm
d{1)+d(2)+..+d(N)
d= i i
where d(1), d{2) ... diN} are the measured indentation
diameters in mm, and A is the number of diameter mea-
surements (typically 2).
h Depth of the indentation, mm

D—DP-F
h=——g—

Brinell hardnass

_ Test Force
~ Burface area of indentation

nD(D - \/7122 - :ll> w

where:
Fryr = test force in kgf,
= diameter of the indenter ball in mm, and
d = measured mean diameter of the indentation in mm

(see Table 1).

3.2.2 The average mean diameter 4 of a set of n indentations
is calculated as:

dytdy+.. +d

d= n )
where:
dy, dy ... d, = diameter values of the indentations in mm,
and
n = number of indentations (see Annex A4).

3.2.3 The repeatability R in the performance of a Brinell
hardness machine at each hardness level, under the particular
verification conditions, is estimated by the percent range of
diameter values of » indentations made on a standardized test
block as part of a performance verification, relative to the
average of the n measured diameter values d (Eq 2), defined as:
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R = 100X~ (3
where:
dyo = diameter value of the largest measured indentation
Imin = diameter value of the smallest measured indentation,

and

d(Eq = average of the diameter values of the n indentations.
5
2)

3.2.4 The average H of a set of n Brinell hardness measurement
values Hy, H,, ..., H, is calculated as:

H=

H+Hy+.. +H,

)

3.2.5 The error E in the performance
machine at each hardness level, under thi
tion conditions, is estimated by the perg
of n indentation measurements ma
block as part of a performance v
certified average hardness value of tl
defined as:

ardness

where:
H(Bgd

4. Significance and Use

4.1 The Brinell hardness test is a
that can provide useful information 3
This information may correlate to t&
resistance, ductility, or other physical characs
lic materials, and may be usetul in quality control and selection
of materials.

4.2 Brinell hardness tests are considered satisfactory for
acceptance testing of commercial shipments, and have been
used extensively in industry for this purpose.

4.3 Brinell hardness testing at a specific location on a part
may not represent the physical characteristics of the whole part
or end product.

5. Principles of Test and Apparatus

5.1 Brinell Hardness Test Principle—The general principle
of the Brinell indentation hardness test consists of two steps
(see Fig. 1).

5.1.1 Step I—The indenter is brought into contact with the
test specimen in a direction perpendicular to the surface, and
the test force F is applied. The test force is held for a specified
dwell time and then removed.
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FIG. 1 Principle of Test

5.1.2 Step 2—The diameter of the indentation is measured
in at least two directions perpendicular to each other. The
Brinell hardness value is derived from the mean of the diameter
measurements.

2 Brinell Testing Machine—Equipment for Brinell hard-
esting usually consists of a testing machine, which
the test specimen and applies an indenting force to a
act with the specimen, and a system for measuring
diameter of the indentation in accordance with the
hardness test principle. The design of the testing
shall be such that no rocking or lateral movement of
indenter or specimen occurs while the force is being
ied. The design of the testing machine shall ensure that the
orce to the indenter is applied smoothly and without impact
forces. Precautions shall be taken to prevent a momentary high
f the system, hydraulic system

nufacturer’s Instruction Mannal
ne’s characteristics, limitations,
edures.

fiecimen support, should be used
that is suitable for the specimen to be tested. The seating and
supporting surfaces of all anvils should be clean and free of
foreign material. Typically, anvils need only be replaced if they
fail to support the test surface perpendicular to the indenter, or
they are deemed unsafe.

5.2.3 Indenters—Indenters for the Brinell hardness test shall
be tungsten carbide balls of four allowed diameters (1, 2.5, 5
and 10 mm). Indenters shall meet the requirements defined in
Annex A3,

5.24 Oil, dirt, or other foreign materials shall not be
allowed to accumulate on the indenter, as this will affect the
test results.

5.2.5 Measurement Device—The measurement device used
for the measurement of the diameter of Brinell indentations
may be an integral part of the hardness machine or a separate
stand-alone instrument. The allowable measurement devices
are classified into two types. The Type A device includes
microscopes having movable measuring lines with some type
of indicator or computerized measuring system, or an image
analysis system. The Type B device is a hand-held microscope
(usually 20x or 40x) with fixed measuring lines.

5.2.5.1 Type A Device—The acceptable minimum resolution
for a Type A device shall be as given in Table 2
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TABLE 2 Resol  and Graduation Spacing of Ind
Measuring Devices
Type A Type B
Ball Diameter Winimum Maximum
mm Indicator Resolution Graduation Spacing
mm mm
10 0.0100 0.100
5 0.0050 0.050
25 0.0028 -
1 0.0010 -

5.2.5.2 Tvpe B Device—The acceptable maximum spacing
between the graduated tines of Type B devices shall be as given
in Table 2. Type B devices shall not be used for measuring
indentations made with 2.5 mm and | mm ball indenters.

5.3 Verification—Brinell testing machines
measurement devices shall be verified peri
dance with Annex Al.

5.4 Test Blocks—Test blocks meetin,
Annex A4 shall be used to verify {
accordance with Annex Al.

5.5 Brinell Hardness Scales—The
ers and test forces define the Brin
standard Brinell hardness scales and:e
Table 3, corresponding to force-diamefter
1, 1.25, 2.5, 5, 10 and 30. Brinell har
determined and reported
standard scales. Other s
may be used by speci

indentation
in accor-

15 Toroes
il ot other scales

Brinelt "
Hardness Dig H;r:{\e:s
Scale K

HBW 10/3000
HBW 10/1500
HBW 10/1000

HBW 10/500

HBW 10/250

HBW 10/125

HBW 10/100

HBW 5/750

HBW 8/250 5

HBW 5/125 5 5 15.9 to 109
HBW 5/62.5 5 25 7.96 to 54.5
HBW 5/31.25 5 1.25 3.98 10 27.2
HBW 5/25 5 1 3.181021.8
HBW 2.5/ 25 30 95.5 to 650
187.5

HBW 2.5/62.5 25 10 6129 62.5 31810218
HBW 2.5/ 25 5 306.5 31256 159to 109
31.26

HBW 2.5/ 25 285 153.2 16625 7.96 to 54.5
15.625

HBW 2.5/ 2.5 1.25 76.61 7.8125 398t027.2
7.8125

HBW 2.5/6.25 2.5 1 61.29 6.256 31810 21.8
HBW 1/30 1 30 2042 30 95.5 to 650
HBW 1/10 1 10 98.07 10 31.8t0 218
HBW 1/5 1 5 49.03 & 15.9 to 109
HBW 125 1 2.5 24.52 25 7.96 to 54.5
HBW 1/1.25 1 1.26 i2.26 1.25 3.98 to 27.2
HBW 1/1 1 1 9.807 1 3.18t0 21.8

A See Table 1.

and the corresponding force-diameter ratio (in parentheses) are
HBW 10/750 (7.5), HBW 10/2000 (20), HBW 10/2500 (25),
HBW 5/187.5 (7.5), and HBW 5/500 (20).

5.6 Calculation of the Brinell Hardness Number—The
Brinell hardness number shall be calculated from the mean
diameter d of the indentation using Eq ! or from the values
given in Appendix X1.

5.6.1 Brinell hardness values shall not be designated by a
number alone because it is necessary to indicate which indenter
and which force has been employed in making the test (see
Table 3). Brinell hardness numbers shall be followed by the
symbol HBW, and be supplemented by an index indicating the
test conditions in the following order:

5.6.1.1 Diameter of the ball, mm,

5.6.1.2 Avalue representing the test force, kgf, (see Tabie 3)
and,

5.6.1.3 The applied force dwell time, s, if other than 10 s to
15 5.

5.6.2 The only exception to the above requirement is for the
HBW 10/3000 scale when a 10 s to 15 5 dwell time is used.
Only in the case of this one Brinell hardness scale may the
gnation be reported simply as HBW.

Examples:

rinell hardness of 220 determined with a ball of 10 mm diameter
t force of 20.42 kN (3000 kgf) applied for 10sto 18 s

/750 = Brinell hardness of 350 determined with a ball of 5 mm
and with a test force of 7.355 kN {750 kgf} applied for 10sto 15s

W 1/30/20 = Brinell hardness of 600 determined with a ball of 1 mm
eter and with a test force of 204.2 N (30 kgf) applied for 20 s
7 Use of Portable Brinell Hardness Testing Machines:
5.7.1 A fixed-location Brinell hardness testing machine may
3 amples because of the sample
cessibility of the test point or
ircumstances, the use of a
ing machine is an acceptable
his method allows the use of a

meet the requirements of this method, including the test
principle, apparatus, indenters, applied forces, test procedures
and the direct and indirect verifications of the testing machine
(except as indicated in Table Al1.1). Test Method E110 covers
portable Brinell hardness testing machines that cannot be
directly verified or cannot pass direct verification, but meet the
other requirements of this method.

5.7.1.2 Aportable Brinell hardness testing machine shall be
used only when testing circumstances make it impractical to
use a fixed-location Brinell hardness testing machine. In such
cases, it is recommended that an agreement or understanding
be made between all parties involved (for example, testing
service and customer) that a portable Brinell hardness testing
machine will be used instead of a fixed-location Brinell
hardness testing machine (see 5.7.1).

5.7.1.3 The portable Brinell hardness testing machine shall
measure hardness by the Brinell hardness test principle (see
5.1). Portable hardness testing machines or instruments that
measure hardness by other means or procedures different than
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the Brinell hardness test principle, such as those defined in Test
Methods AB833, A956, A1038 or B647, produce converted
Brinell hardness values and do not comply with this method.

5.7.2 Daily Verification of portable hardness testing
machines—Portable hardness testing machines are susceptible
to damage when they are transported or carried from one test
site to another. Therefore, in addition to complying with the
daily verification requirements specified in 7.1 and Annex Al,
a daily verification shall be performed at each test worksite
where the hardness tests are to be made just prior to making the
hardness tests. The verification shall be performed with the
portable hardness testing machine oriented as closely as
practical to the position that it will be used. It is reco nded
that the daily verification be repeated occasional
testing and after testing is completed.

5.7.3 Additional reporting requirements, wh
table Brinell hardness testing machine, are giv

5.7.4 Portable hardness testing machines,
their application may induce errors that could;
results. To understand the differences i
between portable and fixed-location Brine
machines, the user should compare the resuli
and bias studies given in Section 10 and in &

6. Test Piece

6.1 There is no standard sha
specimen. The test piece on
should conform to the foltoyw

6.1.1 Thickness—The t]
be such that no bulge o
the test force appears
indentation. The thickne
at least ten times the depth H
Table 4 can also be used as a guidéhine for the mi
of a layer of a material, such as a coating.

Note 1—Brinell hardness testing can use high tes
conditions of testing a relatively thin material or coa
high hardness, there is a potential for the test mate
under load resulting in serious personal injury or damaé;
Users are strongly cautioned to exercise extreme care W&
material that could potentially fail under load. It there is
doubt, do not test the material.

6.1.2 Width—The minimum width shall conform to the
requirements for indentation spacing.

6.1.3 Finish—When necessary, the surface on which the
indentation is to be made should be filed, ground, machined or
polished flat with abrasive material so that the edge of the
indentation can be clearly defined to permit the measurement
of the diameter to the specified accuracy. Preparation shall be
carried out in such a way that any alteration of the surface
hardness of the test surface (for example, due to overheating or
cold-working) is minimized.

7. Test Procedure

7.1 The diameter of the indentation should be between 24
and 60 % of the ball diameter. Approximate Brinell hardness
numbers are given in Table 3 for the above range of indentation
diameters.

Note 2—A lower limit in indentation diameter is recommended

TABLE 4 Minimum Specimen Thickness Based on Ten-Times the
Indentation Depth

Diameter of Minimuim Specimen Thickness
Indentation, 10 mm 5 mm 2.5 mm 1mm
Bali Bail Ball Ball
mm mm in. mm in. mm in. mm in
02 0.1 0.004
03 02 0.009
04 04 0016
05 07 0.028
08 04 0.014 1.0 0.089
07 05  0.020
08 07 0.026
0.9 08 0.083
1.0 1.0 0.041
11 1.8 0.080
12 0.7 0.029 15 0.060
1.3 09 0034 18 0072
14 1.0 0039 21 0.084
15 12 0045 25 0.098
1.8 13 0.082
1.5 0058
17 0066
19 0.074
2.1 0.082
26 0100
31 o121
38 0144
43  0.188
50 0197

because of the risk in damaging the ball and the difficulty in measuring the
indentation. The upper limit is recommended because of a reduction in
sensitivity as the diameter of the indentation approaches the ball diameter.
The thickness and spacing requirements may determine the maximum
permissible diameter of indentation for a specific test.

Note 3—1It is not mandatory that Brinell tests conform to the hardness
scales of Table 3. It should be realized that different Brinell hardness
numbers may be obtained for a given material by using different forces on
the same size of ball. For the purpose of obtaining a continuous scale of
values, it may be desirable to use a single force ta cover the complete
range of hardness for a given class of materials.

7.2 The Brinell hardness test is not recommended for
materials above 650 HBW 10/3000.

7.3 Direct comparisons of Brinell hardness numbers for
tests using different scales can be made only if the force-
diameter ratio is maintained (see Table 3). Brinell hardness
tests made on the same test material, but using different force-
diameter ratios, will produce different Brinell hardness num-
bers.

7.3.1 Example—An HBW 10/500 test will usually approxi-
mate an HBW 5/125 test since the force-diameter ratio is 5 for
both scales. However, a value of 160 HBW 10/500 will be
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approximately equal to 180 HBW 10/3000 on the same test
material because of different force-diameter ratios (5 and 30,
respectively).

74 Daily Verification—A daily verification of the testing
machine shall be performed in accordance with Annex Al prior
to making hardness tests. Hardness measurements shall be
made only on the calibrated surface of the test block. It is also
recommended that the operation of the machine be checked in
accordance with the daily verification method specified in
Annex Al after each change of the test force, anvil or the
indenter.

7.5 Indentation Procedure—The Brinell t
be carried out as follows:

7.5.1 Bring the indenter into contact w
a direction perpendicular to the surface
tion or overshoot. The angle between
and the surface of the specimen shou

7.5.2 Apply the test force F with
application times are permitted if it
results are not affected.

7.5.3 Maintain the fully applied tes
with the following exception.

7.5.3.1 In the case of
flow after application of
may be necessary since,
into the material. Test
of a longer applied
should be specifi
extended applied
be recorded and rep

7.5.4 Atthe end of
test force without shock Oivibration.

test shall

7.6 Measurement of Indentation:
7.6.1 Measure the diameter of e

o
directions, perpendicutar (90°) to eac al mea-
surements of the indentation diameter ade. The
arithmetic mean of the measurements s ed for the

calculation of the Brinell hardness number.

7.6.2 For routine testing, the diameter of the indentation
shall be measured to the resolution of the measuring device
when using a Type A device, or one-half the graduation spacing
when using a Type B device.

7.6.3 For tests on flat surfaces, the difference between the
largest and smallest measured diameters for the same indenta-
tion shall not exceed 1% of the indenter ball diameter unless it
is specified in the product specification, such as for an
anisotropic grain structure.

7.6.3.1 Example—For indentations made using ball indent-
ers having 10 mm, 5 mm, 2.5 mm and 1 mm diameters, the
maximum differences between the largest and smallest mea-
sured diameters are 0.1 mm, 0.05 mm, 0.025 mm and 0.01 mm,
respectively.

7.6.4 When indentations are made on a curved surface, the
minimum radius of curvature of the surface shall be two and a
half times the diameter of the ball. Indentations made on
curved surfaces may be slightly elliptical rather than circular in
shape. The measurements of the indentation shall be taken as
the mean of the major and minor axes.

7.7 Indentation Spacing—The distance between the centers
of two adjacent indentations shall be at least three times the
diameter of the mean indentation.

7.7.1 The distance from the center of any indentation to an
edge of the test piece shall be at least two and a half times the
meter of the mean indentation.

2. Brinell hardness tests should be carried out at an
emperature within the limits of 10 to 35°C (50 to
of the Brinell test are cautioned that the tempera-
“test material and the temperature of the hardness
affect the test results. Consequently, users should
dt the test temperature does not adversely atfect the
measurement.

onversion to Other Hardness Scales or Tensile
Strength Values

e is no general of accurately converting the
ne scale to Brinell hardness
to other types of hardness
alues. Such conversions are, at
e should be avoided except
for special cases where &iefiable basis for the approximate
conversion has been obtained by comparison tests.

Note 4—The Standard Hardness Conversion Tables for Metals, E140,
give approximate conversion values for specific materials such as steel,
austenitic stainless steel, nickel and high-nickel alloys, cartridge brass,
copper alloys, and alloyed white cast irons.

9. Report

9.1 Ata minimum, the test report shall include the following
information:

9.1.1 The Brinell hardness value H of the test results
rounded to three significant digits, including all zero digits, in
accordance with Practice E29, for example, 225 HBW, 100
HBW 10/500, 95.9 HBW or 9.10 HBW 5/62.5.

TABLE 5 Summary of Statistical Information

Test Block X SX Sr 3R rpg Rpg
100 HBW 5/500 101.71 2.31 0.91 242 256 6.78
170 HBW 10/1500 175.42 2.08 0.89 221 2.49 6.18
225 HBW 101500 221.83 4.00 2.20 4.38 6.16 12.28
300 HBW 10/1500 284.63 5.48 2.64 5.89 7.39 16.48
500 HBW 10/3000 502.21 178 474 12.40 13.28 34.71
300 HBW 10/3000 201.25 672 2.08 6.03 5.83 19.42
200 HBW 10/3000 197.71 5.64 4.47 6.72 12.51 18.80
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9.1.2 The test conditions, when other than a 3000 kgf (29.42
kN) applied force, a 10 mm ball diameter, and a 10sto 15 s
application of test force are used (see 5.6.1).

9.1.3 A statement that the indentation measuring device was
Type A, when such a device is used. When a Type B
indentation measuring device is used, no statement is required.

9.14 The ambient temperature of the test, if outside the
limits of 10 to 35 °C (50 to 95 °F), unless it has been shown to
not affect the measurement result.

9.2 When using a portable Brinell hardness testing machine,
the measured hardness number shall be reported in accordance
with 9.1, and appended with a /P to indicate that it was
determined by a portable Brinell hardness testifig machine. For
example:

220 HBW/P 10/3000 = Brinell hardne:
with a tungsten carbide ball of 10 mm d
force of 3000 kgf (29.42 kN) dpp]lbd
350 HBW/P 5/750 = Brinell hardne:
a ball of 5 mm diameter and with a t
kN) applied for 10 s to 15 s.

600 HBW/P 2.5/62.5/20 = Brinell h:

stermined

(612.9 N) applied for 20 s.

10. Precision and Bias

10.1 The precision
interlaboratory stud.
This replaces a prev;
Each of eight I
metallic materia]

Al. VER!

ALl Scope

Al.1.1 Annex Al specifies three types of procedures for
verifying Brinell hardness testing machines: direct verification,
indirect verification, and daily verification.

A1.1.2 Direct verification is a process for verifying that
critical components of the hardness testing machine are within
allowable tolerances by directly measuring the test forces,
indentation measuring system, and testing cycle.

Al.1.3 Indirect verification is a process for periodically
verifying the performance of the testing machine by means of
standardized test blocks and indenters.

Al.1.4 The daily verification is a process for monitoring the
performance of the testing machine between indirect verifica-
tions by means of standardized test blocks.

Al1.2 General Requirements

A1.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified in Table Al.1,

andatory Information)
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seven different materials of varying levels of hardness. Three
replicates of each analysis were performed. The results from
this study are filed in an ASTM Research Report.®

10.2 Repeatability—Two test results obtained within one
laboratory shall be judged not equivalent if they differ by more
than the rpp value for that material; rpg is the interval
representing the critical difference between two test results for
the same material, obtained by the same operator using the
same equipment on the same day in the same laboratory.

10.3 Reproducibility—Two test results should be judged not
equivalent if they differ by more than the Rpp value for that
material; Rpp is the interval representing the difference be-
tween two test results for the same material, obtained by
different operators using different equipment in different labo-
ratories.

10.4 Any judgment in accordance with statements [0.2 or
10.3 would have an approximate 95 % probability of being
correct.

Results from the interlaboratory study are summarized
ble §

jas—At the time of the study, there was no accepted
material suitable for determining the bias for this test
therefore no statement on bias can be made.

Keywords

.1 Brinell; hardness; mechanical test; metals

S Supporting data have been filed al ASTM International Headquarters and may
e eport RRGE28-1023.

F BRINELL HARDNESS TESTING MACHINES

TABLE At1.1 Verification Schedule for a Brinell Testing Machine

Verification Schedule
Procedure
Direct * When a testing machine is new, or when adjustments,
verification modifications or repairs are made that could affect the
application of the test forces or the measuring system.
« When a testing machine fails an indirect verification.
Indirect » Recommended every 12 months, or more often if
verification needed.
« Shall be no longer than every 18 months.
« When a test machine is installed or moved, only the
procedure for verifying the as-found condition is required,
(see A1.4.4). Indirect verification is not required after
moving a portable or moveable Brinell hardness testing
machine (see 3.1.10, 3.1.11, and 5.7},
« Following a direct verification.
Daily » Required each day that hardness tests are made.
verification + Recommended whenever the indenter or test force is

changed.
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and when circumstances occur that may affect the performance
of the testing machine.

Al1.2.2 The temperature at the verification site shall be
measured with an instrument having an accuracy of at least
+2.0°Cor £3.6 °F. It is recommended that the temperature be
monitored throughout the verification period, and significant
temperature variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a
daily verification.

A1.2.3 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to mational
standards when a system of traceability exists, exce
otherwise.

Al.2.4 Indirect verification of the testing m
performed at the location where it will be usef

Al.2.5 Direct verification of newly manuf
testing machines may be performed
manufacture, rebuild, repair or the location
Note Al.1-—It is recommended that the calibrati

AL3 Direct Verification

Al1.3.1 A direct verificatg
performed at specific ins
The test forces, indentati
shall be verified as foll

Note Al.2—Direct verific
sources of error in a Brinell hardn
that testing machines undergo dire
certain that errors in one component of the machine
errors in another component.

Al.3.2 Verffication of the Test Force.
scale that will be used, the corresponding fi
measured. The test forces shall be measured
Class A elastic force measuring instrument having
of at least 0.25 %, as described in Practice E74.

A13.2.1 Make three measurements of each force. The
forces shall be measured as they are applied during testing;
however, longer dwell times are allowed when necessary to
enable the measuring device to obtain accurate measurements.

A1.3.2.2 Each test force F shall be accurate to within =1 %
of the nominal test force as defined in Table 3.

A1.3.3 Verification of the Indentation Measuring System—
The measuring device used to determine the diameter of the
indentation shall be verified at five intervals over the working
range by comparison with an accurate scale such as a stage
micrometer. The accuracy of the stage micrometer used to
verify both Type A and Type B devices shall be at least 0.005
mm for 5 mm and 10 mm ball tests and at least 0.001 mm for
2.5 mm and | mm ball tests.

A1.3.3.1 For Type A devices, the error between the stage
micrometer and the measuring device over each interval shall
not exceed the Type A minimum indicator resolution shown in
Table 2 for the size of ball to be used.

A1.3.3.2 For Type B devices, it is not possible to determine
a quantitative error value. Position the measuring device such
that the lines of the measuring device line-up with the lines of
the stage micrometer as closely as possible. If any lines of the
measuring device do not, at least partially, overlap the corre-
sponding lines of the stage micrometer, then the measuring
device shall be adjusted.

A1.3.4 Verification of the Testing Cycle—The testing ma-
chine shall be verified to be capable of meeting the testing
cycle tolerances specified in 7.5. Direct verification of the
testing cycle is to be verified by the testing machine manufac-
turer at the time of manufacture, or when the testing machine
is returned to the manufacturer for repair, or when a problem
with the testing cycle is suspected. Verification of the testing
cycle is recommended but not required as part of the direct
verification at other times.

AL.3.5 Direct Verification Failure—If any of the direct
1 ns fail the specified requirements, the testing ma-

an stated in Table Al.1 and should be based on the usage of
the testing i

next indir
scales that*have e
Table Al.1 do not meet this stifidard.

sts made using Brinell
in the schedule given in

Al.4.3 Standardized test blocks used for the indirect veri-
fication shall meet the requirements of Annex A¢4. Hardness
measurements shall be made only on the calibrated surface of
the test block.

Note Al.3—1t is recognized that appropriate standardized test blocks
are not available for all geometric shapes, materials, or hardness ranges.

Al.44 As-found Condition—It is recommended that the
as-found condition of the testing machine be assessed as part of
an indirect verification. This is important for documenting the
historical performance of the machine. This procedure should
be conducted by the verification agency prior to any cleaning,
maintenance, adjustments, or repairs.

Al.4.4.1 When the as-found condition of the testing ma-
chine is assessed, the assessment shall be made using the user’s
indenter ball that is normally used with the testing machine.

Al1.4.4.2 One or more standardized test blocks in the range
of normal testing should be tested for each Brinell scale that
will undergo indirect verification.

Al1.4.4.3 On each standardized test block, make at least two
Brinell hardness tests distributed uniformly over the test
surface. Determine the repeatability R and the error £ (Eg 3
and Eq 5) in the performance of the testing machine for each
standardized test block that is measured.
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Al.4.4.4 The repeatability R and the error £ should be
within the tolerances of Table A1.2. If the calculated values of
the repeatability R or the error £ fall outside the specified
tolerances, this is an indication that the hardness tests made
since the last indirect verification may be suspect.

Al45 Cleaning and Maintenance—Perform cleaning and
routine maintenance of the testing machine (when required) in
accordance with the manufacturer’s specifications and instruc-
tions.

Al1.4.6 Indirect Verification Procedure—The indirect verifi-
cation procedure is designed to verify that for all g
hardness scales to be used, each test force is b
applied, each indenter-ball size is correct, an
device is calibrated correctly for the range of
that these scales produce. This is accomny
Brinell hardness tests on test blocks thats
for appropriate Brinell hardness scales t
corresponding test forces and indenter

Al.4.6.1 The calibrated values and
of the test blocks shall be chosen su
criteria are met:

(1) For each test force that w
shall be tested.

{2) For each indenter-|
blocks shall be tested, on
from a high hardness le
and high hardness
available test bloc
Brinell hardness scat
size, then the Brinell
verified on a low hardnesé
indentation size, and the Bfihell sca]e’
force shall be verified on a high ha
produce the smallest indentation size.
indentation size will verify the capabi
device. The blocks need not be from
force/diameter ratio.

(3) Each test block’s calibrated Brinell sc;
scales to be verified.

(4) In cases where a Brinell scale should be verified using
a low level and high level test block, but test blocks are
commercially available for only one hardness level, perform
the indirect verification using the one block, and directly verify
the measuring device according to A1.3.3.

(5) In cases where no test blocks are commercially
available for a specific Brinell scale that requires verification,
directly verity the force level employed by the scale according
to Al.3.2 and the measuring device according to A1.3.3.

TABLE A1.2 Repeatability and Error of the Testing Machine

Maximum Permissible

Refersnce Block Maximumn Permissible

Hardness Repeatability, A Error, E
HBW % of d % of H
(See Eq 3) {See Eq &)
HBW =< 125 3 3
125 < HBW = 225 25 3
HBW > 225 2 3

Example I—A testing machine is to be verified for the
HBW 10/3000 and HBW 5/750 scales. At a minimum, two
blocks for each of the two ball sizes are required for the
verification, for a total of four test blocks: one block from a low
hardness level of the HBW 10/3000 scale, one block from a
high hardness level of the HBW 10/3000 scale, one block from
a low hardness level of the HBW 5/750 scale, and one block
from a high hardness level of the HBW 5/750 scale. Note that
both test forces are also tested.

Example 2—A testing machine is to be verified for the
HBW 10/3000, HBW 10/1500 and HBW 10/1000 scales. At a
minimum, one block for each of the force levels are required
for the verification, for a total of three test blocks: one block
from a low hardness level of the HBW 10/3000 scale, one
block from a high hardness level of the HBW 10/1000 scale,
and one block from any hardness level of the HBW 10/1500
scale. In this case, although there is only one ball size, there are

rgg; test forces that must be verified. The highest test force
, 3000 kgf) scale is tested on a low hardness level
ck, and the lowest test force (9807 N, 1000 kgf)
on a high hardness level test block. The middle
O N, 1500 kgf) scale may be tested on either a
hardness level test block.
3—A testing machine is to be verified for only the
/3000 scale. At a minimum, two test blocks are
d for the verification: one block from a low hardness
el of the HBW 10/3000 scale, and one block from a high
hardness 3 3000 scale. In this case,
cale to be verified, two test
5" are required for the verifi-

ndirect verification hardness
be indirectly verified by
Feference indentations (see
A4 5 .6) chosen from the 1eference blocks to be used for the
indirect verification. Locate the reference indentation on each
reference block. The two reference indentations to be measured
shall be the indentation having the smallest diameter and the
indentation having the largest diameter. For Type A devices, the
measured dimensions shall agree with the certified diameter
values within 0.5 %. For Type B devices, the measured
dimensions shall be estimated to agree with the certified
diameter values within £0.02 mm for 10 mm ball indentations
and +£0.01 mm for 5 mm ball indentations. If any of the
differences is larger, the measuring device shall be directly
verified in accordance with A1.3.3. As an alternative to
measuring reference indentations, the measuring device may
be directly verified in accordance with A1.3.3.

Al1.4.63 The testing machine shall be verified with the
user’s indenter ball(s) that will normally be used for testing.

A1.4.6.4 On each standardized test block, make three tests
when using a 5 mm or 10 mm ball, or make five tests when
using a 2.5 mm or | mm ball distributed uniformly over the test
surface. Determine the repeatability R and the error E (Eq 3
and Eq 3) in the performance of the testing machine for each
hardness level of each Brinell scale to be verified. The
repeatability R and the error £ shall be within the tolerances of
Table A1.2.



Al1.4.6.5 If the measurements of error E or repeatability R
using the user’s indenter fall outside of the specified tolerances,
the indirect verification tests may be repeated using a different
ball.

A1.4.6.6 The indirect verification shall be approved only
when the testing machine measurements of repeatability and
error meet the specified tolerances with the user’s indenter ball.

Al.4.7 In cases where it is necessary to replace the indenter
ball during the period between indirect verifications, the new
indenter ball shall be verified for use with the specific testing
machine. The user may perform the verification by following
the verification procedures for the as-found condition given
above in Al.4.4.

A1.5 Daily Verification

A1.5.1 The daily verification is inte:
user to monitor the performance

fication shall be performed in accor
given in Tabie Al.] for each Brinell s

Al521 At leait one stan
requirements of Annex A
to be used prior to its u
available, the hardne:
at approximately lhe
measured.

Al15.22 The
tion shall be the

A1.5.2.3 Make al
daily verification test blcé
ments given in 7.7.

Note Al.4—Proper indentation spacin
techniques, such as using devices that corredi
test blocks having appropriately spaced gri
test surface, using systems that move the test blog
or by measuring the distance between the in “and adjacent
indentations or the block edge after making the indenfation. The user is
cautioned that depending on the spacing between the boundaries of spaced
gridlines or circles marked on the test surface, proper indentation spacing
may not be ensured since indentations can be placed anywhere within the
marked test areas.

gdrked on the
‘ect position,

Al1.5.2.4 Determine the error E in the performance of the
testing machine (Eq 5) for each standardized test block that is
measured. If the difference between any of the hardness test
values and the certified value of the test block is outside the
maximum permissible error tolerances given in Table Al.2,
then also determine the repeatability R (Eq 3).

A1.5.2.5 If the error E and the repeatability R {if calculated)
for each test block are within the tolerances given in Table
Al.2, then the testing machine with the indenter may be
regarded as performing satisfactorily.

A1.5.2.6 If the error £ or the repeatability R (if calculated)
for any of the test blocks is outside the tolerances, the daily
verification may be repeated with a different ball or indenter. If
the error E or the repeatability R again falls outside of
tolerances for any of the test blocks, an indirect verification

shall be performed. Whenever a testing machine fails a daily
verification, the hardness tests made since the last valid daily
verification may be suspect.

A1.5.2.7 If the Brinell testing machine fails daily verifica-
tion using test blocks, the measuring device should be verified
by measuring a reference indentation (see A4.5.6) on the
standardized test block. The measured dimension should agree
with the certified diameter value within the tolerances given in
A1.4.6.2. If the difference is larger, the measuring device
should be directly verified in accordance with A1.3.3.

Note AL.5—It is highly recommended that the results ebtained from
the daily verification testing be recorded using accepted Statistical Process
Control techniques, such as, but not limited to, X-bar (measurement
averages) and R-charts (measurement ranges), and histograms.

Al.6 Verification Report

Al.6.1 A verification report is required for direct and
indirect verifications. A verification report is not required for a
daily verification.

162 The verification report shall be produced by the
performing the verification and include the following
tion when available as a result of the verification

¥ Direct Verification:

l Reference to this ASTM test method.
2 Identification of the hardness testing machine,
iudmg lhe serial number, and model number.
A1.6.3.3 Identification of the indentation measuring
device(s), mdudmU the serial number, model number, and

il devices (elastic proving
erification, including serial
andards to which traceability is

he time of verification re-
porled to a resolution of at least 1°C. The temperature at the
ation site does not need to be recorded for a daily
verification unless the temperature is outside recommended
limits or can be shown to affect the test results.

A1.6.3.6 The individual measurement values and calculated
results used to determine whether the testing machine meets
the requirements of the verification performed. It is recom-
mended that the uncertainty in the calculated results used to
determine whether the testing machine meets the requirements
of the verification performed also be reported.

A1.6.3.7 Description of adjustments or maintenance done to
the testing machine, when applicable.

A1.6.3.8 Date of verification and reference to the verifying
agency or department.

A1.6.3.9 Identification of the person performing the verifi-
cation.

Al.6.4 Indirect Verification:

Al.6.4.1 Reference to this ASTM test method.

A1.6.4.2 Identification of the hardness testing machine,
including the serial number and model number.

A1.6.4.3 Identification of all devices (test blocks, indenters,
etc.) used for the verification, including serial numbers, and
identification of standards to which traceability is made.




et

A1.6.4.4 Test temperature at the time of verification re-
ported to a resolution of 1°C.

A1.6.4.5 The Brinell hardness scale(s) verified.

A1.6.4.6 The individual test values and calculated results
used to determine whether the testing machine meets the
requirements of the verification performed. Measurements
made to determine the as-found condition of the testing
machine shall be included whenever they are made. It is
recommended that the uncertainty in the calculated results used
to determine whether the testing machine meets the require-
ments of the verification performed also be reported.

A1.6.4.7 Description of maintenance done to the testing
machine, when applicable.

A2.1 Scope
A2.1.1 Amnex A2 specifies the requ

machine by having tighter tol
attributes such as force appl
suring device. A Brinell sta
standardization of Brinell
Ad.

ed for the
in Annex

A2.2 Accreditation

A2.2.1 The agency con
cations of Brinell hardness st
accredited to the requirements of
by an accrediting body recognized by the I
ratory Accreditation Cooperation (ILAC) al
requirements of ISO/IEC 17011. An age
perform verifications of Brinell hardness st
chines may perform the verifications of its own ¢
machines. The standardizing laboratory shall have a Certificate/
scope of accreditation stating the types of verifications (direct
and/or indirect) and the Brinell hardness scales that are covered
by the accreditation.

Note A2.l—Accreditation is a new requirement starting with this
edition of the standard.

A2.3 Apparatus

A2.3.1 The standardizing machine shall satisfy the require-
ments of Section 5 for a Brinell hardness testing machine with
the following additional requirements.

A2.3.2 The standardizing machine shall be designed such
that each test force can be selected by an operator without their
ability to adjust away from the value set at the time of
verification.

A2.3.3 Measurement Device—The measuring device shall
be a Type A device as described in 3.2.5. The divisions of the
micrometer scale of the microscope or other measuring devices
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A1.6.4.8 Date of verification and reference to the verifying
agency or department.

A1.6.4.9 Identification of the person performing the verifi-
cation.

AL1.6.5 Daily Verification:

Al1.6.5.1 No verification report is required; however, it is
recommended that records be kept of the daily verification
results, including the verification date, measurement results,
certified value of the test block, test block identification, and
the name of the person that performed the verification, etc. (see
also Note A1.5). These records can be used to evaluate the
performance of the hardness machine over time.

ANDARDIZING MACHINES

shall be located in a
olled room with toler-
able A2.3. The accuracy of
ity measuring instruments

A2.4.2 The temperature and relative-humidity of the stan-
dardizing laboratory shall be monitored prior to standardization
and throughout the standardizing procedure.

A24.3 The standardizing machine, indenter(s), and test
blocks to be standardized must be in an environment meeting
the tolerances of Table A2.3 for at least one hour prior to
standardization.

A2.4.4 During the standardization process, the standardiz-
ing machine shall be isolated from any vibration that may
affect the measurements.

A2.5 Standardizing Machine Verifications
A2.5.1 The standardizing machine shall undergo direct

verification at periodic intervals and when circumstances occur

TABLE A2.1 Resolution of Indentation Measuring Device

Ball Indenter Diameter Minimum Resolution

mm mm
10 +0.002
5 +0.002

25 +0.001
1 +0.001
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TABLE A2.2 Testing Cycle Requirements

Testing Cycle Parameter Tolerance
Indenter contact velocity =1 mn/s
Time for application of test force 2.0t080s
Dwell time for test force 10t15s

TABLE A2.3 Standardization Laboratory Environmental

Requirements
Environmental Tolerance Ac_curacy of
Parameter Measuring Instrument
Temperature 23+ 2°C £1°C
(73 + 5°F) (
Relative humidity =70 %

that may affect the performance of the st
according to the schedule given in Tab

Note A2.2—Periodic direct verification (e
requirement starting with this edition of the

A2.5.2 The standardizing machine shz
verifications each day that standargi
ing to the schedule given i

A2.5.3 All instrumen
quired by this Annex shi
standards where a sys
otherwise.

A2.5.4 The sta
location where it w

A2.6 Direct Verification

A2.6.1 Perform a direct verificatios
machine in accordance with the schedu
The test forces, indentation measuring
cycle shall be verified.

A2.6.2 Perform Cleaning and Mainte
cleaning and routine maintenance of the standafdiging machine
shall be made before conducting direct or indirect verifications
in accordance with the manufacturer’s specifications and
instructions.

A2.6.3 Verification of the Test Forces—For each Brinell
scale that will be used, the associated test force shall be
measured. The test forces shall be measured by means of a
Class AA elastic force measuring instrument having an accu-
racy of at least 0.05 %, as described in Practice E74.

TABLE A2.4 Verification Schedule for a Brinell Hardness
Standardizing Machine

Verification Schedule

Direct At a maximum, shall be within 12 months prior to

Verification standardization testing.
When a standardizing machine is new, moved, or when
adjustments, modifications or repairs are made that could
affect the application of the test forces, the indentation
measuring system, or the festing cycle.

Monitoring Each day that test blocks are to be calibrated. Either a

direct verification or performance.

A2.6.3.1 Make three measurements of each force. The
torces shall be measured as they are applied during testing. The
extension of dwell times to obtain force measurements is not
permitted. No adjustments are allowed between measurements.

A2.6.3.2 Each test force F shall be accurate to within
0.25 % of the nominal test force as defined in Table 3.

A2.6.4 Verification of the Indentation Measuring Svstem—
The measuring device used to determine the diameter of the
indentation shall be verified at five intervals over the working
range by the use of an accurate scale such as a stage
micrometer or by other suitable means to ensure that the
accuracy of the measurements is within the tolerances given in
Table A2.5 for the size of indentation to be measured. The
accuracy of the stage micrometer shall be 0.00025 mm.

A2.6.5 Verification of the Testing Cycle—The standardizing

machine shall be verified to be capable of meeting the testing
cycle tolerances specified in Table AZ.2.

6 Indenter Balls—At the time of the direct verification,
r batls that have been used shall be replaced by new
enter balls meeting the requirements of Annex A3.

rect Verification Failure—1f any of the direct
fail the specified requirements, the standardizing
hall not be used until it is adjusted or repaired. Any
er that may have been affected by an adjustment or
hall be verified again by direct verification.

is section des
ng hardnes

atory shall monitor the stan-
monitoring verifications each
are made, according to the
%hedule given oring verifications shall be
performed prior to the test block calibrations, and may be made
either by direct verification or by performance verification
using test blocks.

A2.7.3 Monitoring Direct Verification—When the monitor-
ing verification is to be made by direct verification, it shall be
in accordance with the requirements of A2.6 for the force level
and ball size of the Brinell scale to be used that day.

A2.7.4 Monitoring Performance Verifications—When the
monitoring verification is to be made by performance
verification, the following monitoring procedures shall be
performed.

A2.74.1 Depending on the Brinell scales for which test
blocks will be calibrated on that day, monitoring tests shall be
performed on at least one monitoring test block for each force
level that will be used and on at least one monitoring test block

TABLE A2.5 M Error of Ind: Measuring Device
Ball Indenter Diameter Maximum Error
mm mm
10 +0.004
5 +0.004
25 +0.002
1 +0.002
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for each ball size that will be used. The monitoring test blocks
shall meet the requirements of Annex A4. The hardness level of
each monitoring block should be chosen that is in the mid
range of the hardness scale.

A2.7.4.2 Make at least two hardness tests distributed uni-
formly over the surface of the test block. Determine the error
E (Eq 5) and the repeatability R (Eq 3) in the performance of
the standardizing machine for each monitoring test block that
is measured. If the error E and the repeatability R for each test
block are within the tolerances given in Table A2.6, then the
standardizing machine with the indenter may be gegarded as
performing satisfactorily.

A2.7.43 1f any of the error E or repeatabi
ments fall outside of the specified tolerance:
machine shall not be considered to have pa
verification, and shall not be used for standi
ever a standardizing machine fails a ma
the standardizations made since the I
verification may be suspect.

A2.7.5 Monitoring Methods—Control
parable methods should be used to monitor
the standardizing machine between dirget v
charts provide a method for d
There are many publicatiol
and use of control chart
Presentation of Data an
prepared by Committg

1d monitor]

leﬂdlng to l]us occurrence. As a general rule, h
izing machine is determined to be in control,
falling outside the control limits should alert t]
problem. The level of action that is required d
machine performance. It may be precautiona
monitoring frequency, or corrective such as perfi
indirect verifications.

A2.8 Verification Report

A28.1 Direct Verification:
A2.8.1.1 Reference to this ASTM test method.

n

TABLE A2.6 M

All ble Ref bility and Error of
Standardizing Machines

Maximum Maximum Permis-
Refarel:jce Block Permissible sible
a}:B’\]l(\elss Repeatability, R Error, £
% of d % of H
{See Eq 3) (See Eq 8)
HBW = 125 2 2
125 < HBW = 225 2 2
HBW > 226 15 1.5

A2.8.1.2 lIdentification of the hardness standardizing
machine, including the serial number, manufacturer and medel
number.

A2.8.1.3 Identification of all devices (elastic proving
devices, etc.) used for the verification, including serial numbers
and identification of standards to which traceability is made.

A2.38.1.4 Test temperature at the time of verification re-
ported to a resolution of at least 1°C.

A2.38.1.5 The individual measurement values and calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed. It is
recommended that the uncertainty in the calculated results used
to determine whether the standardizing machine meets the
requirements of the verification performed also are reported.

A2.8.1.6 Description of adjustments or maintenance done to
the standardizing machine, when applicable.

A2.8.1.7 Date of verification and reference to the verifying
C: or department.

8 Identification of the person performing the verifi-

creditation certification number.

irect Vertfication:

Reference to this ASTM test method.
2 Identification of the standardizing machine, in-
=" the serial number, manufacturer and model number.
8 2.3 Identification of all devices (test blocks, indenters,
tc.) used for the verification, including serial numbers and
identificatign,of standards to_wizieh traceability is made.

he standardizing machine
meets the requirements of t} ion performed. Measure-
ments made to determine the as-found condition of the
standardizing machine shall be included whenever they are
made. It is recommended that the uncertainty in the calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed also are
reported.

A2.8.2.7 Description of maintenance done to the standard-
izing machine, when applicable.

A2.8.2.8 Date of verification and reference to the verifying
agency or department.

A2.8.2.9 Identification of the person performing the verifi-
cation.

A2.8.2.10 Accreditation certification number.

A2.8.3 Monitoring Verification:

A2.8.3.1 No verification report is required; however, it is
required that records be kept of the monitoring verification
results, see A2.7.5.
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A3. STANDARDIZATION OF BRINELL HARDNESS INDENTERS

A3.1 Scope

A3.1.1 Annex A3 specifies the requirements for Brinell
hardness indenter balls. The Annex covers the Brinell tungsten-
carbide ball indenters for use with all Brinell scales.

A3.2 Accreditation

A3.2.1 The agency conducting the standa
denters shall be accredited to the requireme
(or an equivalent) by an accrediting body
International Laboratory Accreditation Cog
operating to the requirements of ISO/IE
izing laboratory shall have a certificat
the class and types of indenters tl
accreditation.

Note A3.1—Accreditation is a new re
edition of the standard.

A3.3 General Requirements

A3.3.1 The standard in
four specified diameters (;
be used for the Brinel

A33.2 All instru
quired by this Anng
standards where
otherwise.

A3.3.3 Ball ind
and a ball. The ball
assernbly’s verification pro
requirements in this section.

A3.4 Indenter Balls

A3.4.1 Indenter balls are verified
hardness, density, and chemical compos
with the schedule specified in Table A3.1.

A3.4.2 The hardness of the ball shall be not less than 1500
HV10 when measured on the spherical surface of the ball in
accordance with ASTM E92, or not less than 1500 HV 1 when

accordance

TABLE A3.1 Indenter Ball Verification Schedule
Schedule
When an indenter is new

Verification

Geometrical features, density,
chemical composition, and hardness

measured on the flat surface of a sectioned ball in accordance
with ASTM E92 or Test Method E384. When testing on the
spherical surface of the ball, the hardness result must be
corrected due to the curved surface as specified in ASTM E92.
A3.4.3 The material of the balls shall have a density of 14.8
g/em® + 0.2 glem® and the following chemical composition:

2.0 % maximum
50t07.0%
balance

Total other carbides

Cobalt {Co)

Tungsten carbide (WC)

A3.4.4 The diameter, when measured at not less than three
positions, shall not differ from the nominal diameter by more
than the tolerances given in Table A3.2.

A34.5 The mean surface roughness of the ball shall not
ed 0.00005 mm (2 pin.).

A3.2—Balls that conform to ABMA Grade 24 satisfy the
énts for size and finish as specified in ABMA Standard 10-1989.
or the purpose of verifying the density, size, finish
of the ball, it is considered sufficient to test a
selected at random from a batch. The balls verified for
shall be discarded.

7 To meet the above requirements for indenter balls,
ball-standardizing laboratory may either verify that the
ba|ls mee( the reqmremcmi or obtain a certificate of verifica-

indenter ball shall have a test
mformation:
TM test method.

A3S5. 1. 2 Identification of the lot or batch.

A3.5.1.3 Date.

A3.5.1.4 A statement declaring that the indenter meets all of
the geometrical, density and hardness requirements for a
Brinell hardness indenter.

A3.5.1.5 Accreditation certification number.

TABLE A3.2 Diameter Tolerances for Indenter Balls

Ball Diameter, mm mm
10 +0.005
5 +0.004
25 +0.003
1 +0.003
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A4, STANDARDIZATION OF BRINELL HARDNESS TEST BLOCKS

A4.1 Scope

A4.1.1 Annex A4 specifies the requirements and procedures
tor the standardization of Brinell hardness test blocks. These
standardized test blocks are to be used for the verification of
the performance of Brinell hardness testing machines by way
of daily verifications and indirect verifications as described in
Annex Al. The standardized test blocks are also to be used for
the monitoring verifications of Brinell standardizing, machines
as described in Annex AZ.

A4.2 Accreditation

A4.2.1 The agency conducting the stan
blocks shall be accredited to the requirem
an equivalent) by an accrediting body:
International Laboratory Accreditation C
operating to the requirements of ISO/IEC
izing agency shall have a certificate/sc
stating the Brinell hardness scales that
accreditation, and the standards
standardizations are traceabl

Note Ad.1—Accreditation
edition of the standard.

bi

A4.3 Manufacture

A4.3.1 The atte
drawn to the need t
which will give the
structure, and uniformity

st blocks is
ing process,

A4.3.2 The test blocks, if of steel,
the end of the manufacturing process.

A4.3.3 To assure that material is not re
surface after standardization, an identi
made on the test surface. The mark shall be sué
be removed by any method other than remov
material.

A4.3.4 The standardized test block shall meet the physical
requirements of Table Ad.1.

TABLE A4.1 Physical Requirements of Standardized Test Blocks
Test Block Parameter
Thickness

Tolerance

16.0 mm for 10 mm ball tests

12.0 mm for 5 mm ball tests

6.0 mm for smalfer ball tests

150 cm? for = & mm ball tests

<40 cm? for < 5 mm ball tests

=0.02 mm for = 5 mm ball tests
=0.005 mm for < & mm ball tests
=0.0008 mm per mm for = 5 mm ball
tests

=Q.0002 mm per mm for < & mm ball
tests

=0.0003 mm A, for 10 mm ball tests
=0.00015 mm A, for smaller ball tests

v

AN

Test surface area

Deviation from surface flainess
(test & bottom)

Deviation from surface parallelism
(test & boitom)

Mean test surface roughness

A4.4 General Requirements

A4.4.1 The standardizing laberatory environment, the stan-
dardizing machine, and the standardizing test cycle shall
satisfy the requirements of Annex A2.

A4.4.2 All instruments used to make measurements re-
quired by this Annex shall have been calibrated traceable to
national standards where a system of traceability exists, except
as noted otherwise.

A4.5 Standardization Procedure

A4.5.1 A test block is standardized by calibrating the
average hardness of the test surface. Only one surface of the
test block shall be calibrated. The Brinell standard to which the
test blocks are traceable shall be stated in the certification.

The standardization procedure involves making
on the test block surface using the forces and
r that are appropriate for the hardness scale.
ve hardness tests distributed uniformty over the

Calculate the diameter values for d,. d,, ... d, for
entation (see Table ) and the average of the diameter
d using Eq 2.

Ad4.54

Determine the percent range dp for the measure-
ments as; ;

(A4.1)

whe.

dnax diameter value of iHe ™ ligest measured indentation,
and
dnm = diameter value of the smallest measured indentation.

A4.54.1 The percent range dy provides an indication of the
non-uniformity of the test block hardness. For acceptability, the
percent range dj shall be within the tolerances of Table A4.2.

A4.5.5 The standardized value of the test block is defined as
the average of the standardization measurements H (Eq 4).

A4.5.6 Reference Indentation—In addition to calibrating the
average hardness of the test surface, one or more of the
calibration indentations shall be certified for the measurement
of the diameter and will be known as a reference indentation.
The reference indentation will be measured as part of the
indirect and daily verifications.

TABLE A4.2 M N iformity for Standardized

Test Blocks

Reference Block Hardness Maxirj\um Range, dg
% of d (see Eq Ad.1)
2
1

HBW = 225
HBW > 225




4y E10-18

A4.6 Marking

A4.6.1 Markings placed on the side of the block shall be
upright when the calibrated test surface is the upper surface.

A4.6.2 Each standardized block shall be marked with the
following:

A4.6.2.1 The standardized hardness value H of the test
block rounded to no better than three significant digits in
accordance with Practice E29, for example, 125 HBW, 99
HBW, or 99.2 HBW.

A4.6.2.2 Identification of the reference indentation(s).

A4.6.2.3 A mark identifying the test surface, which will be
obliterated if the surface is reground.

A4.6.2.4 Unique serial number.

A4.6.2.5 Year of standardization. It is sufficient ¢
of standardization be incorporated into the serial
block.

A4.7 Certificate

A4.7.1 At a minimum, each standardized
supplied with a certificate from the standa
stating the following standardization infor

Nore 1—The values given i
diameters outside the recommende:

Diameter of Indentation, d (mm)

utions of the e
italics.

A4.7.1.1 Reference to this ASTM test method.
A4.7.1.2 Serial number of the test block.
A4.7.1.3 The results of the individual standardizing tests,
including:
(1) The diameter values d,, d,,
(see Table 1).
(2) The average of the diameter values
{3) The calculated hardness values Hy, H,, ..., H,.
(4) The average hardness value H rounded to three signifi-
cant digits in accordance with Practice E29, for example, 125
HBW, 99.2 HBW.

..., d,, of the n indentations

d (see Hq 2).

A4.7.1.4 Information about the location of the reference
indentation(s), the orientation of the measured diameter(s), and
the certified value of the reference indentation(s) diameter (see
A45.6).

A4.7.1.5 The body that maintains the Brinell hardness scale
to which the test block is traceable.

A4 6 Date of standardization.

Accreditation agency certification number.

inchide values for indentation

TIBW 767
W19 bW 107100
HEW  HBW
10 mm 5 mm 2.5 mm 1 mm HBW 5/250 HBW 5/125 5/62.5 5/31.25 HBW &/25
HBW 2.5/ HBW 2.5/
bal pall bal bal HBW 25625  HBW 258125 ow 251 HBWZE ppy 5 5605
HBW 1/10 HBW s HBW 2 DA HBW 1/1
2.00 1006 05000 0.200 %45 473 315 758 788 304 315
201 1005 05025  0.201 936 468 312 158 780 390 312
202 1010 085050 0202 926 463 309 154 772 386 3009
208 1015 05075 0208 917 459 306 153 764 382 306
204 1020 05100 0204 208 454 308 751 757 378 303
205 1025 05125 0205 899 450 300 150 748 a7 300
2.06 1080 05150 0206 890 445 207 148 742 871 207
207 1085 05175 0207 882 441 204 147 785 367 294
2.08 1040 05200 0208 873 437 291 148 728 364 201
2.09 1045 05225 0200 865 43z 288 144 721 860 288
2.10 1050 05250 0210 856 428 285 143 714 @57 285
211 1055 05275 0211 848 424 283 141 707 358 283
212 1060 05300 0212 840 420 280 140 700 350 280
213 1065 0535 0213 832 416 277 139 694 347 277
2.4 1070 05350 0214 824 412 275 137 687 844 275
215 1075 05875 0215 817 408 272 136 681 340 272
2.16 1080 05400 0216 809 405 270 135 674  3a7 270
217 1085 05425 0217 802 401 267 134 668 334 267
218 1080 05450 0218 794 307 265 132 662 431 265
219 1005 05475 0219 787 393 262 131 656 328 262
220 1100 0550 0220 780 390 260 130 650  azs 260
221 1105 05525 0221 772 386 257 120 544 22 257
222 110 05550 o202 765 383 255 128 638 319 255
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TABLE X1.1  Continued

Diameter of Indentation, d (mm)

Brinell Hardness Number

HBW 10/

HBW 10/

HBW 10/3000  HBW 1071500  HEBW 101000  HBW 10500 o W IO wew 10100
HBW  HBW
tomm  5mm  25mm  imm  HBW 5750 HBW 250 HBWSM2s O HBW gy g
HBW 25/ HBW 2.5/
ball pal bal pall  HBW 251875 HBW 25625  HBW 250125 Toveas HBWRS gy o g0
HBW 1/30 HBW 1/10 HBW 15 HBW12 O HBW 114
223 TH5 05575 0223 758 ) 253 126 532 316 753
224 1120 05600 0224 752 a6 251 125 626 313 25,1
225 1125 05625 0225 248 124 621 310 248
226 1130 05650 0226 246 123 61.5 308 246
227 113 05675 0227 244 122 61.0 305 244
228 1140 05700 0228 242 121 604 202 242
229 1145 05725 0229 240 120 50.9 299 240
230 1450 05750 0280 237 118 504 207 287
231 1165 05775 0.231 235 118 58.8 204 235
232 1160 05800 0282 238 7 583 202 233
283 1165 05825 0283 231 116 57.8 289 231
234 1170 05850 0234 220 115 57.3 207 229
235 1175 05675 0235 207 114 568 284 227
236 1180 05800 0286 225 113 563 28.2 25
287 1485 05925 0237 228, 12 559 279 223
236 1190 05950 0208 111 554 277 222
239 1195 05075 0239 110 549 275 220
2.40 1200 06000 0240 109 545 272 218
241 1205 06025 0241 108 54.0 27.0 216
242 1210 107 535 26.8 214
243 1215 106 53.1 26.5 212
244 1220 105 527 26.3 211
245 1225 104 522 26.1 200
246 1230 104 518 25.9 207
247 1235 103 51.4 257 205
248 1240 102 50.9 255 204
2.49 1245 101 505 25.3 202
250 1250 100 50.1 25.1 200
251 1255 904 4 24.9 19.0
252 1260 8.6 247 197
253 1265 97.8 245 1956
254 1270 7.1 243 19.4
255 1275 6.3 24.1 193
256 1280 055 239 191
257 1285 8 237 19.0
258 1290 235 1858
259 1205 233 187
260 1.300 28.1 185
261 1305 23.0 18.4
262 1310 228 182
263 1315 y 226 181
264 1320 8.7 449 224 179
265 1325 445 223 178
266 1330 442 221 177
267 1335 87.7 438 219 175
268 1840 435 21.8 174
269 1345 432 216 1738
270 1350 85.7 42,9 214 171
271 1355 425 21.3 170
272 1360 422 211 16.9
273 1465 419 209 168
274 1370 416 208 166
275 1375 418 206 165
276 1380 410 205 16.4
277 1385 407 203 16.3
278 1390 404 202 162
279 1395 401 200 16.0
2.80 1400 39.8 19.9 159
281 1405 395 19.8 158
262 1410 30.2 19.6 157
283 1415 36.0 195 156
284 1420 6.7 19.3 155
285 1425 38.4 192 154
2.86 1430 38.1 191 152
287 1435 757 7.8 180 151
2.98 1440 376 18.8 15.0
2.89 1445 a7 186 149
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TABLE X1.1  Continued

Diameter of Indentation, ¢ {mm)

Brinell Hardness Number

HBW 10/

HBW 10/

HBW 10/3000  HBW 1011500  HEW 1071000  HBW 10500 oo IO wew 10100
HBW  HBW
10mm  5mm  25mm  imm  HBW&750 HBws2s0  HBWsn2s DO HBW gy g
HBW 25/ HBW 2.5/
ball ball bal ball  HBW 251875 HBW 25625  HBW 253125 Tone sl HBWRS gy 56 0
HBW 1/30 HBW 1/10 wew s wewrz  HON HBW 111
250 1450 07250 0290 a4 25 148 744 570 185 148
201 1455 07275 0291 441 221 147 736 36.8 18.4 147
202 1460 07300 0292 438 219 146 73.0 365 18.3 146
203 1465 07325 0208 435 218 145 725 36.3 181 145
204 1470 07350 0294 432 218 144 720 36.0 18.0 144
205 1475 07375 0295 420 215 143 715 35.8 179 143
296 1480 07400 0296 426 710 355 178 142
207 1485 07425 0297 42 705 3.3 1756 141
208 1490 07450 0298 43 701 35.0 175 14.0
299 6.6 34.8 17.4 189
300 69.1 346 17.3 198
3.01 686 34.3 172 187
3.02 68.2 34.1 17,0 186
303 67.7 33.9 169 135
3.04 673 336 16.8 185
305 66.8 3.4 167 184
3.06 66.4 33.2 166 13.3
307 65.9 33.0 165 182
3.08 65.5 327 16.4 181
3.09 16.3 18.0
3.10 162 129
31 160 128
312 15.0 128
313 15.8 127
314 15.7 1256
815 15.6 125
8.16 155 124
a7 15.4 123
318 153 123
a.19 152 122
3.20 151 121
321 15.0 120
322 149 120
323 14.8 119
324 148 18
325 147 nr
326 1456 "y
327 145 116
328 144 15
329 143 114
3.30 142 1.4
3.31 141 1.8
332 140 12
333 139 12
334 13.9 111
385 13.8 1.0
3.36 137 1.0
387 1356 109
338 135 10.8
3.39 18.4 108
340 18.4 107
341 13.3 106
842 182 106
3.43 13.1 105
344 18.0 104
3.45 18.0 104
3.46 12.9 103
347 128 102
348 127 102
349 127 10.1
3.50 1256 101
351 125 10.0
352 124 .95
353 12.4 .89
354 12.3 0.83
355 ! 122 arr
356 486 248 121 072
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TABLE X1.1  Continued

Diamster of Indentation, d (mm}

Brinell Hardness Number

HBW 10/3000  HBW 101500  HBW 10/1000  HBW 105500 o 10 HBIY 10T gy 161100
HBW  HBW
10mm  Smm  25mm  imm  HBW 5750 HBW 250 HBWSM2s o HBW gy g
HBW 25/ HBW 2.5/
el bal pail pall  HBW 251875 HBW 25625 HBW25m125 Tove2d HBWRS gy 5 o
HBW 1/30 HBW 1/10 Hew s HBwv2 PO HBW 171
357 1785 08925 0357 2% 5 %66 %53 242 21 986
358 1790 08950 0358 288 144 96.1 480 240 12,0 9.61
359 1705 08975 0356 288 143 5.5 477 239 1.9 9.55
380 1800 08000 0360 285 142 95.0 475 237 1.9 9.50
361 1805 09025  0.361 283 142 94.4 472 236 1.8 944
362 1810 09050 0362 282 141 939 469 235 nr 939
363 1815 09075 0363 280 467 238 1"y 9.33
364 1820 09100 0364 278 464 2.2 16 028
365 1825 46.1 23,1 1.5 9.23
366 1830 45.9 229 15 0.18
367 1835 456 228 114 a.12
368 1840 45.4 227 1.8 9.07
369 1845 45.1 226 18 0.02
a70 1850 449 22.4 112 8.97
871 1855 446 223 1.2 8.9
312 18650 444 222 111 8.87
373 1865 44.1 22,1 1o 8.82
374 1870 439 219 1.0 8.77
a75 1875 436 218 109 872
376 1880 434 217 108 8.68
377 1885 43.1 216 108 8.63
378 1890 429 215 107 8.58
379 1895 427 218 107 858
.80 1900 424 212 10,6 8.40
381 1.905 422 211 10,6 8.44
382 1910 420 210 105 830
3.83 1915 a7 209 10.4 8.35
384 1920 415 208 10.4 8.30
385 1925 413 206 1038 8.26
3.86 1.080 411 10 821
387 1035 409 102 8.17
3.88 1940 406 10.2 8.18
3.80 1045 404 101 8.08
390 1950 402 10.0 8.04
301 1955 400 10.0 8.00
392 1960 30.8 .94 7.95
393 1,065 30.6 0.88 701
394 1970 30.4 084 787
395 1975 301 .79 7.83
396 1.980 389 073 779
307 1985 387 9.68 775
3.98 1900 385 .63 77
399 1005 38.3 .58 767
400 2000 38.1 953 763
401 2,005 a7.9 9.48 7.5
402 2010 10050 ) : ar7 0.43 755
403 2015 10075 0408 225 13 75.1 375 9.38 751
404 2020 10100 0404 224 12 747 7.3 o34 747
405 2025 10125 0405 223 11 743 7.1 0.29 743
406 2080 10150 0406 222 111 739 87.0 924 7.99
407 2085 10175 0407 221 110 735 36.8 .19 735
408 2040 10200 0408 219 110 732 366 .14 782
408 2045 10225 0408 218 109 728 36.4 .10 728
410 2050 10250 0410 217 109 724 6.2 .05 724
an 2055 10275 0411 215 108 720 36.0 9.01 720
412 2060 10300 0412 215 108 7 35.8 8.96 717
413 2065 10325 0413 214 107 73 3.7 8.91 7.18
414 2070 10350 0414 213 106 710 .5 8.87 7.10
415 2075 10375 0415 212 106 706 3.3 8.82 7.06
416 2080 10400 0416 211 105 702 85.1 878 7.0
417 2085 10425 0417 210 105 699 349 874 6.99
418 2000 10450 0418 200 104 69.5 34.8 5.68 6.95
419 2085 10475 0419 208 104 69.2 346 8.65 602
420 2100 10500 0420 207 108 68.9 344 8.61 6.58
421 2105 10525 0421 208 103 68.5 342 8.56 6.85
422 2110 10550 0422 204 102 68.2 341 852 6.2
423 215 10575 0423 203 102 67.8 330 8.48 678
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TABLE X1.1  Continued

Diamster of Indentation, d (mm}

Brinell Hardness Number

HBW 10/3000  HBW 101500  HBW 10/1000  HBW 105500 o 10 HBIY 10T gy 161100
HBW  HBW
10mm  Smm  25mm  imm  HBW 5750 HBW 250 HBWSM2s o HBW gy g
HBW 25/ HBW 2.5/
el bal pail pall  HBW 251875 HBW 25625 HBW25m125 Tove2d HBWRS gy 5 o
HBW 1/30 HBW 1/10 Hew s HBwv2 PO HBW 171
az4 2420 10800 0424 202 101 675 @7 169 544 675
425 2125 10625 0425 201 101 67.4 336 16.8 8.39 671
426 2130 10650 0426 200 100 66.8 3.4 167 8.35 6.68
427 213 10675 0427 199 100 66.5 332 166 8.31 665
428 2140 10700 0428 198 0.2 66.2 33.1 165 827 662
420 2145 10725 0429 198 8.8 65.8 329 165 8.23 6.58
430 2150 10750 0430 107 9.3 65.5 328 16.4 8.19 6.55
431 2185 10775 0431 196 65.2 326 16.8 8.15 6.52
432 2160 10800 0432 64.9 2.4 16.2 81 6.49
433 2165 10825 0433 64.6 323 16.1 8.07 646
434 2170 10850 0434 842 82,1 16.1 8.03 6.42
435 2175 10875 0435 63.9 320 16.0 7.99 6.30
436 2180 10900 0436 636 318 159 7.95 636
437 2185 10925 0487 633 317 158 702 6.33
438 2190 10950 0438 63.0 315 158 7.88 630
439 2185 10975 0439 314 15.7 784 627
440 2200 4 312 1556 7.80 624
441 2205 811 155 776 621
442 2210 309 155 773 6.18
443 2215 30.8 15.4 769 6.15
444 2220 306 153 7565 6.12
445 2208 305 15.2 762 6.00
446 2280 303 152 758 6.06
447 2295 302 151 755 6.04
448 2240 300 15.0 751 6.01
449 2245 209 149 747 5.08
450 2250 208 149 744 5.05
451 2255 206 148 7.40 5.02
452 2280 20.5 147 787 500
453 2265 203 147 7.34 587
454 2270 202 7.80 584
455 2275 20.1 727 5.1
456 2280 28.9 723 5.79
457 2285 28.8 720 576
458 22900 287 717 578
459 229 285 713 571
460 2800 284 7.10 5.68
461 2.805 8.3 707 565
4g2 23810 28.1 7.03 568
463 2315 28.0 7.00 560
ag4 2820 27.9 697 5.58
465 2925 27.8 6.94 5.55
485 2830 276 6.91 553
487 23 27.5 6.88 550
468 2340 274 6.84 548
469 2845 27.8 6.81 5.45
470 2350 271 678 543
471 2.355 27.0 675 540
472 2350 269 672 538
473 2365 26.8 660 595
474 2370 26.6 666 533
475 2375 26.5 663 530
476 2380 26.4 560 5.08
477 2385 26.3 657 526
478 239% 26.2 654 523
479 23 26.1 651 521
480 2400 25.9 648 5.19
481 2.405 25.8 646 5.16
482 2410 257 643 5.14
483 2415 25.6 6.40 5.12
484 2420 25.5 637 5.10
485 2425 25.4 6.34 507
485 2430 25.3 6.31 505
487 243 25.1 629 508
488 2440 25.0 6.26 5.01
480 2445 249 623 4.98
490 2450 248 12.4 6.20 496

20
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TABLE X1.1  Continued

Diamster of Indentation, d (mm}

Brinell Hardness Number

HBW 10/3000  HBW 101500  HBW 10/1000  HBW 105500 o 10 HBIY 10T gy 161100
HBW  HBW
10mm  Smm  25mm  imm  HBW 5750 HBW 250 HBWSM2s o HBW gy g
HBW 25/ HBW 2.5/
el bal pail pall  HBW 251875 HBW 25625 HBW25m125 Tove2d HBWRS gy 5 o
HBW 1/30 HBW 1/10 Hew s HBwv2 PO HBW 171
e 2455 12275 0491 148 744 204 247 124 618 404
492 2460 12300 0492 148 738 492 248 123 6.15 492
498 2465 12325 0493 147 735 490 245 122 6.12 490
494 2470 12850 0494 146 732 488 244 122 6.10 488
495 2475 12375 0495 146 728 486 24.3 121 607 496
496 2480 12400 0496 145 725 483 242 121 6.04 483
497 2485 12425 0497 144 722 48.1 241 120 6.02 4.81
498 2490 2450 0498 144 719 479 240 120 599 479
499 2495 12475 0499 477 239 119 507 477
500 2500 12500 0500 475 238 110 504 475
501 2505 12525 0501 473 237 18 5.01 473
502 2510 12550 0502 471 236 18 5.80 47
508 2515 12575 0503 469 235 nr 5.86 469
504 2520 12600 0504 467 22.4 17 5.84 467
505 2525 12625  0.505 465 23.3 16 5.81 465
506 2530 12650  0.506 463 232 16 5.79 463
507 2585 12675 0507 46.1 23.1 115 576 461
508 2540 12700 0508 45.9 230 115 574 450
500 2545 12725 0509 229 114 5.72 457
510 2560 1.4 5,60 455
5.1 2555 1.8 567 453
512 2560 1.3 564 451
513 2565 12 562 450
514 2570 12 560 448
515 2575 11 557 4.46
516 2580 11 555 444
517 2585 114 553 442
518 2500 10 550 4.40
519 2505 1.0 548 436
520 2600 109 5.46 437
521 2,605 109 543 435
522 2610 8 541 433
523 2615 5.39 481
524 2620 5.37 429
525 2625 5.34 428
526 2630 532 426
527 263 5.30 424
528 2640 528 422
520 2645 526 421
530 2650 524 419
531 2.655 521 417
532 2660 5.19 415
533 2665 547 414
534 2670 5.15 412
535 2675 5.18 410
536 2680 5.1 409
537 2685 5.08 407
588 2600 5.07 405
530 2695 5.05 404
540 2700 503 402
541 2,705 5.01 400
542 2710 ' 499 3.99
543 2715 998 497 397
544 2720 089 495 3.96
545 2725 085 493 304
546 2730 0.81 491 302
547 2735 977 489 301
548 2740 073 487 3.89
545 2745 969 485 3.8
550 2750 066 483 3.86
551 2755 982 481 3.85
552 2760 058 479 3.83
553 2765 954 477 s.82
554 2770 050 475 3.80
585 2775 047 473 379
556 2780 043 471 377
557 2785 039 470 378

21
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TABLE X1.1  Continued

Diamster of Indentation, d (mm}

Brinell Hardness Number

HBW 10/3000  HBW 101500  HBW 10/1000  HBW 105500 o 10 HBIY 10T gy 161100
HBW  HBW
10mm  Smm  25mm  imm  HBW 5750 HBW 250 HBWSM2s o HBW gy g
HBW 25/ HBW 2.5/
el bal pail pall  HBW 251875 HBW 25625 HBW25m125 Tove2d HBWRS gy 5 o
HBW 1/30 HBW 1/10 Hew s HBwv2 PO HBW 171
558 2790 13950 0558 1z 561 374 187 935 456 374
559 2795 18975  0.559 112 55.9 378 186 92 466 878
560 2800 14000  0.560 111 557 871 186 9.28 454 371
561 2805 14025  0.561 111 55.5 87.0 185 924 462 370
582 2810 14050 0562 110 55.2 6.8 18.4 921 460 368
563 2815 14075 0563 367 18.3 9.17 459 367
564 2820 14100 0564 365 183 9.14 457 365
565 2825 14125 0565 36.4 182 9.10 455 364
566 2830 14150  0.566 36.3 181 9.06 453 368
567 2835 14175 0567 36.1 18.1 9.08 451 351
568 2840 14200 0568 360 18.0 8.99 450 360
560 2845 14225  0.569 35.8 179 8.96 448 3.58
570 2850 14250 0570 357 178 8.92 446 357
5.71 2855 14275 0571 3.6 178 8.89 444 356
572 2860 14300 0572 5.4 177 8.85 443 354
573 2885 14325 3 1756 8.82 441 353
574 2870 14350 1756 8.79 439 351
575 2875 14375 175 8.75 438 350
576 2880 14400 174 8.72 436 349
577 2885 14425 17.4 5.68 434 347
578 2890 14450 17.3 865 433 346
579 2895 172 8.62 431 3.45
580 2900 172 8.50 429 343
5.81 2,005 171 855 428 342
582 2910 170 8.52 426 341
583 2915 170 424 .30
584 2920 1690 423 338
585 2925 16.8 421 a7
585 2930 16.8 420 3.6
587 2935 167 418 334
588 2940 167 416 338
580 2045 166 415 3.2
500 2950 165 413 31
591 2,055 165 412 329
592 2960 164 410 3.8
503 2965 16.3 409 27
504 2970 16.3 407 326
595 2975 162 405 324
506 2980 162 404 323
507 2985 16.1 402 a2
598 2990 16.0 401 821
599 2995 16.0 399 320
600 3000 15.9 g 398 318
6.01 8005 159 7.3 2.96 a1z
s02 3010 158 7.90 395 316
603 3015 157 787 3.98 315
604 8020 157 784 202 314
505 3025 156 781 2,91 a1z
506 8080 156 778 389 311
607 303 165 775 388 210
608 3040 154 772 3.86 3,09
509 3045 154 769 3.85 508
610 8050 153 767 393 307
6.1 3.055 153 764 382 3.06
612 8060 152 761 3.40 3.04
613 3065 152 758 379 508
614 3070 15.1 755 378 302
615 3075 15.1 753 376 3.01
616 3080 150 750 375 2.00
617 3088 149 747 ars 299
618 3000 149 744 372 298
619 3005 148 742 371 297
620 3100 148 7.89 360 206
6.21 3.105 14.7 736 268 204
622 3110 147 738 367 208
623 8115 ) : s 146 731 365 202
624 5420 15600 0624 87.4 437 201 146 728 364 291

22
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TABLE X1.1  Continued

Diamster of Indentation, d (mm}

Brinell Hardness Number

HBW 10/3000  HBW 101500  HBW 10/1000  HBW 105500 o 10 HBIY 10T gy 161100
HBW  HBW
10mm  Smm  25mm  imm  HBW 5750 HBW 250 HBWSM2s o HBW gy g
HBW 25/ HBW 2.5/
el bal pail pall  HBW 251875 HBW 25625 HBW25m125 Tove2d HBWRS gy 5 o
HBW 1/30 HBW 1/10 Hew s HBwv2 PO HBW 171
625 8425 15625 0625 571 a5 250 745 725 363 290
626 3130 15650 0626 6.7 434 28.9 145 723 261 289
627 818 15675 0627 288 14.4 720 260 248
628 840 15700 0628 28.7 14.4 718 359 247
629 8145 15725 0628 206 143 715 357 286
630 8150 15750 0630 285 142 712 356 285
6.31 3155 15775 0631 28.4 142 710 355 284
632 5160 283 14.1 707 a5t 283
633 8165 14.1 7.05 a5z 282
634 8170 14.0 702 351 241
635 3175 140 7.00 250 280
635 3180 129 697 3.49 279
687 3185 139 595 547 278
538 3190 138 6.92 3.46 277
639 3195 138 6.90 3.45 276
640 3200 157 687 344 275
6.41 5205 157 685 342 274
642 3210 136 682 3.41 273
643 3215 3.40 272
644 8220 389 271
645 3225 387 270
646 8230 336 269
647 8235 3.35 268
648 8240 234 267
649 3245 333 266
650 8250 3.31 265
651 3.255 380 264
652 8260 326 263
653 8265 328 262
654 8270 az7 261
655 8275 326 261
656 3280 324 260
657 3285 523 259
658 8290 322 258
659 3295 az 257
660 3300 320 256
661 3.305 319 255
662 8310 318 254
663 8315 317 253
684 3320 215 262
665 3925 314 251
666 33%0 313 251
667  33% 312 250
668 3840 an 249
669 3345 310 248
670 3350 3.00 247
671 3.355 308 246
672 3360 307 245
673 8365 3.06 245
674 3870 305 244
575 3375 304 243
676 5480 502 242
577 3485 3.01 241
678 38%0 300 240
675 340 299 239
680 3400 298 239
6.81 3.405 207 298
682 8410 296 287
683 3415 295 236
684 8420 204 235
585 8425 203 2.35
686 8430 202 234
687 8435 291 238
688 8440 200 282
680 3445 289 231
690 3450 288 2.1
6.01 34855 287 230
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TABLE X1.1 Continued

Diameter of Indentation, d (mm)

Brinell Hardness Number

HBW 1013000 HBW 101500  HBW 101000 HBW 10500 w107 HBW 10T gy 1o/100
HBW HBW
/ i P
1omm  5mm  25mm  imm  HBW 5750 HBWs2s0  HBwsizs OV SN upwses
HBW 25/ HBW 2.5/
bal bal ball ball  HBW 251875 HBW 25625 HBW 25m125 oY MBWZS gy 5 g6 s
HBW 1/30 HBW 1110 Hew s HBwi2 BN HBW 1/1
602 3460 17300 0.692 8.7 343 229 74 572 286 229
6.93 2465 17325 0698 684 242 228 4 570 285 228
6.94 3470 17350 0694 682 241 227 14 5.68 284 227
695 2475 17375 0695 680 340 227 1.3 5.66 283 227
6.96 3480 17400 0696 67.7 339 226 1.3 564 262 226
6.97 0485 17425 0697 358 225 1.3 562 281 225
6.98 3490 17450 0698 224 1.2 5.61 2860 224
6.99 3495 17475 0699 223 1.2 5.50 279 223
X2. EXAMPLES OF PR ETERM] G BRINELL HARDNESS UNCERTAINTY
X2.1 Scope the. normal use of a Brinell hardness machine. The user may

X2.1.1 The intent of this appendix:
approach to evaluating the uncertai
measurement values in order to simpl:

X2.1.2 This appendi
mining the uncertainty

of hardness:

As part of ;
indirect verificati f
ments are made 6;
measurement values
reference block to deters
hardness machine. The procedure d
provides a method for determining
measurement “error” of the hardness
value may be reported on the verificat

X2.1.2.2 The Hardness Muachine “Erié§
Measurements Made as Part of a Dire tfication (see
X2.7)—As part of a direct verification, err in separate
components of the hardness machine are determined. These are
the force application system, the indentation measuring system,
and the indenter. In addition to these, there are other potential
sources of error that should be considered. The measurement
“error” of the hardness machine can be estimated by determin-
ing how each of the errors in these components contributes to
the overall error of the hardness measurement. Although the
measurement “error” of the hardness machine estimated in this
way is not reported on the verification certificate and report,
this value and its uncertainty are needed to calculate measure-
ment uncertainties when verification of the hardness machine is
only made by the direct verification method. The procedure
described in section X2.7 provides a method for determining
the uncertainty in this measurement “error” of the hardness
machine.

X2.1.2.3 Brinell Hardness Value Measured by a User (see
X2.8)—The procedure provides a method for determining the
uncertainty in the hardness values measured by a user during

24

he uncertainty value with the measurement value.
Certified Value of a Brinell Hardness Test Block
The procedure provides a method for determining
nty in the certified value of standardized test
he standardizing agency may report the uncertainty
n the test block certificate.

TE X2.1—When calculated, uncertainty values reported by a field
ration agency (see X2.5.7 and X2.7) are not the measurement
certainties of the hardness machine in operation, but only that of the

measurements made at the time of verification to determine machine

in this appendix for the determi-
1y on measurements made as part
procedures of this test method. This
s based on familiar procedures and
wd standardizing agencies. The reader
ethods that may be employed to

determine the same uncertainties

Note X2.3—This standard states tolerances or limits on the acceptable
repeatability and error of a Brinell hardness machine and the nonunifor-
mity of standardized blocks. These limit values were originally established
based on the testing experience of many users of the Brinell hardness test,
and therefore reflect the normal performance of a properly functioning
Brinell hardness machine, including the normal errors associated with the
measurement procedure and the machine’s performance. Because the
limits are based on testing experience, it is believed that the stated limit
values take into account a level of uncertainty that is typical for valid
Brinell hardness measurements. Consequently, when determining compli-
ance with the stated tolerances, the user’s measurement uncertainty should
not be subtracted from the tolerance limit values given in the tables, as is
commonly done for other types of metrological measurements. The
calculated values for repeatability, error or block nonuniformity should be
directly compared to the tolerance limits given in the tables.

Nore X2.4—Most product specification tolerances for Brinell hardness
were established based on testing and performance experience. The
tolerance values reflect the normal performance of a properly functioning
Brinell hardness machine, including the normal acceptable errors associ-
ated with the hardness measurement process. For these products, the stated
tolerance limits take into account a level of uncertainty that is typical for
valid Brinell hardness measurements. Consequently, when acceptance
testing meost products fer Brinell hardness, the user’s measurement
uncertainty should not be subtracted from the tolerance limit values given
in the specification. The measured hardness values should be directly
compared to the tolerances. There may be exceptional circumstances
where the hardness of a product must fall within determined ranges to a
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high level of confidence. In these rare occasions, special agreement
between the parties involved should be obtained before the hardness
measurement uncertainty is subtracted from the tolerance limits. Before
such an agreement is made, it is recommended that the product design take
into consideration the anticipated influence of material and metallurgical
factors on the product variation as well as typical industry hardness
uncertainty values.

X2.1.3 This appendix does not address uncertainties at the
primary reference standardizing level.
X2.2 Equations

X2.2.1 The average (AVG), H, of a set of n hardness
measurements H,, H,, ..., H, is calculated as

AVG(H, H,, ... H,) = H= """

a

The standard deviation (STDE
hardness measurements H,, H,, H,i

STDEV(H,. H,. ... H

where:
H

X2.2.4 An increfy
from an incremental ¢
calculated as:

Brinell hardness value prior to the i
in hardness AH,

ital change

d = mean diameter of the indentation in mm prior to the
incremental change in diameter Ad, and
D = diameter of the indenter ball in mm.

X2.2.5 An incremental change in indentation diameter Ad
resulting from an incremental change in hardness AH may be
calculated as:

dX\/D?
Ad= —AHX| ——% — ) (X2.4)
ux(p+\p1 =)
where:
H = Brinell hardness value prior to the incremental change

in hardness AH,

d = mean diameter of the indentation in mm prior to the
incremental change in diameter Ad, and
D = diameter of the indenter ball in mm.

X2.2.6 An incremental change in hardness AH resulting
from an incremental change in the applied force AF may be
calculated as:
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(X2.5)
where:
H

Brinell hardness value prior to the incremental change
in hardness AH, and

applied force prior to the incremental change in applied
force AF (F and AF having the same units).

F

X2.2.7 Combining equations [Eq X2.3] and [Eq X2.5], an
incremental change in indentation diameter Ad resulting from
an incremental change in applied force AF may be calculated
as:

_ _AF .
Ad = - FX (X2.6)
where:
F = applied force prior to the incremental change in applied

force AF (F and AF having the same units),

mean diameter of the indentation in mm prior to the
cremental change in diameter Ad, and

eter of the indenter ball in mm.

Equations [Eq X2.3], [Eq X2.4], and [Eq X2.6] should
mall values of AH and Ad. These equations are suitable
e typical values of AH and Ad used by the procedures in this

ement performance of the
pect to reference standards.
important that the individual
ting within tolerances. It is
edure be applied only after
ation.

successfully passing a dir

X2.3.2 To estimate the overall uncertainty of Brinell hard-
ness measurement values, contributing components of uncer-
tainty must be determined. Because many of the uncertainties
may vary depending on the specific hardness scale and
hardness level, an individual measurement uncertainty should
be determined for each hardness scale and hardness level of
interest. In many cases, a single uncertainty value may be
applied to a range of hardness levels based on the laboratory’s
experience and knowledge of the operation of the hardness
machine.

X2.3.3 Uncertainty should be determined with respect to a
country’s national reference standards.

X2.4 General Procedure

X2.4.1 All uncertainty calculations are initially based on
indentation diameter values in mm units. These uncertainties,
in terms of indentation diameter, may also be converted to
uncertainties in terms of Brinell hardness numbers.

X2.4.2 This procedure calculates a combined standard un-
certainty u, by combining the contributing components of
uncertainty uy, U, ..., #,, such that:



1]

il (X2.7)

X2.4.3 Measurement uncertainty is usually expressed as an
expanded uncertainty & which is calculated by multiplying the
combined standard uncertainty #. by a numerical coverage
factor £, such that:

U= kXu, (X2.8)

X2.4.4 A coverage factor is chosen that depends on how
well the standard uncertainty was estimated (number of
measurements), and the level of uncertainty that is desired. For
this analysis, a coverage factor of &k = 2 should be used. This
coverage factor provides a confidence level of approximately
95 %.

X2.4.5 The measurement bias B of the hardness
the difference between the expected hardnes:
values as displayed by the hardness machine
hardness of a material. ldeally, measurement ki

ment bias, as often occurs in Brinell hardn
then contributes to the overall uncertainty
There are a number of possible methods

where:
ABS(B)

X2.4.6 Because sev
and express measureme
what the reported uncerta
included with the reported unc

absolute val

evaluate

X2.5 Sources of Uncertainty

X2.5.1 This section describes the most
of uncertainty in a Brinell hardness measure
procedures and formulas for calculating the tot:
the hardness value. In later sections, it will be showis
sources of uncertainty coniribute to the total meaSurement
uncertainty for the three measurement circumstances described
in X2.1.2.

X2.5.2 The sources of uncertainty to be discussed are (/) the
fack of repeatability of the hardness machine and measuring
system, (2) the non-uniformity in hardness of the material
under test, (3) the long-term lack of reproducibility of the
hardness machine and measuring system, (4) the resolution of
the hardness machine’s measurement system, and (5) the
uncertainty in the certified value of reference test block
standards. An estimation of the measurement bias and its
inclusion into the expanded uncertainty will also be discussed.

X253 Uncertainty Due 1o Lack of Repeatability (upepear)
and When Combined With Non-Uniformity (ug,peny)—The
lack of repeatability is an indication of how well the Brinell
hardness machine and indentation measuring system can con-
tinually produce the same hardness value each time a measure-
ment is made. Imagine there is a material, which is perfectly
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uniform in hardness over its entire surface. Also imagine that
hardness measurements are made repeatedly on this uniform
material over a short period of time without varying the testing
conditions (including the operator). Even though the actual
hardness of every test location is exactly the same, it would be
found that, due to random errors, each measurement value
would differ from all other measurement values (assuming
sufticient measurement resolution). Therefore, lack of repeat-
ability prevents the hardness machine from being able to
always measure the true hardness of the material, and hence
contributes to the uncertainty in the measurement.

X2.5.3.1 The contribution that the lack of repeatability of a
hardness machine and indentation measurement system makes
to the overall measurement uncertainty is determined differ-
ently depending on whether a single measurement value or an
average of multiple measurements is to be reported.
Additionally, in cases where the reported average measurement
value is intended to be an estimate of the average hardness of
the mdterlal tested, the uncertainty contributions due to the
ack of repeatability and the non-uniformity in the
test material are difficult to separate and must
together. The uncertainty contributions for each
ances may be estimated as follows.

¢le Hardness Measurement—For a future
measurement, the standard uncertainty contri-
=, due to the lack of repeatability, may be estimated
andz\rd deviation of the values from a number of
measurements made on a uniform test sample as:

= STDEV(d d,) (X2.10)

H Repear =

where:
dy, ds,

eatability is improved as the
ised. Usually. the hardness
measurements made during an indires t verification (as indentation diam-
eters) will provide an adequate estimate of i p,,..; however, the caution
given in Note X2.8 should be considered. It may be more appropriate for
the user to determine a value of u,,.. by making hardness measurements
close together (within spacing limitations) on a uniform material, such as
a test block.

Note X2.7—The uncertainty #z, .. dve to the lack of repeatability of
a hardness machine as discussed above, should not be confused with the
historically defined “repeatability” that is a requirement to be met as part
of an indirect verification (see 3.2.3). The calculations of the uncertainty
U pepecs AN Of the historically defined repeatability do not produce the same
value. The uncertainty #,,,, is the contribution to the overall uncertainty
of a hardness measurement value due to a machine’s lack of repeatability,
while the historically defined repeatability is the range of hardness values
measured during an indirect verification.

Note X2.8—All materials exhibit some degree of hardness non-
uniformity across the test surface. Therefore, the above evaluation of the
uncertainty contribution due to the lack of repeatability will also include
a contribution due to the hardness non-uniformity of the measured
material. When evaluating repeatability as discussed above, any uncer-
tainty contribution due to the hardness non-uniformity should be mini-
mized as much as possible. The laboratory should be cautioned that if the
measurements of repeatability are based on tests made across the surface
of the material, then the repeatability value will likely include a significant
uncertainty contribution due to the material’s non-uniformity. A machine’s
repeatability is better evaluated by making hardness measurements close
together (within spacing limitations).
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X2.5.3.3 Average of Multiple Measurements—When the
average of multiple hardness measurements is to be reported,
the standard uncertainty contribution u . due to the lack of
repeatability of the hardness machine, may be estimated by
dividing the standard uncertainty contribution #gepeq (previ-
ously calculated from a number of indentations made on a
uniform test sample, see X2.5.3.2) by the square-root of the
number of hardness test values being averaged, as:

(X2.11)

U pipeas =

where:

Upepear = calculation by [Eq X2.10], and
nr = number of individual test value

X2.5.3.4 Estimate of the Material H
measurements are often made at se
values averaged to estimate the av
material as a whole. For example,
making quality control measuremen
of many types of products; when
“error’ as part of an indirect verifical

veraged.

material’s non-uniformity
this estimate of the aver.
average of multiple harg;
as an estimate of th
may be desired to;
respect to the trug
combined uncert;
ability in the har
system and due to tt
be estimated from the *'s
hardness measurement values. This
dard deviation of the hardness valu
root of the number of measurement:

STD,

Hpepsiv ™= (X2.12)
where:

dpy, dpy, . dp, = the sy average diameter measurement

values.

X2.5.4 Uncertainty Due to Lack of Reproducibility
(Ugeproa)—Lack of reproducibility is the day-to-day variation in
the performance of the hardness measurement system. Varia-
tions such as different machine operators and changes in the
test environment often influence the performance of the hard-
ness machine. The level of reproducibility is best determined
by monitoring the performance of the hardness machine over
an extended period of time during which the hardness machine
is subjected to the extremes of variations in the testing
variables. It is very important that the test machine be in
control during the assessment of reproducibility. If the machine
is in need of maintenance or is operated incorrectly, the lack of
reproducibility will be overestimated.

X25.4.1 An assessment of a hardness machine’s lack of
reproducibility should be based on periodic monitoring mea-
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surements of the hardness machine, such as daily verification
measurements made on the same test block over time. The
uncertainty contribution may be estimated by the standard
deviation of the average of each set of monitoring values, as:

Wi = STDEV(d gy A 1o+ ) (X2.13)

where:
dyny, dagay o dyn = the n sets of the average of each day’s
set of multiple monitoring measurement

values.

Note X2.9—The uncertainty contribution due to the lack of
reproducibility, as calculated in [Eq X2.13], also includes a contribution
due to the machine’s lack of repeatability and the non-uniformity of the
monitoring test block: however, these contributions are based on the
average of multiple measurements and should not significantly overesti-
mate the reproducibility uncertainty.

X2.5.4.2 Uncertainty Due to the Reselution of the Indenta-
tion Measurement System (up,q,/)—The finite resolution of the
indentation diameter measurement system prevents the deter-
ination of an absolutely accurate hardness vatue. This uncer-
may be significant when some types of hand-held
g scopes are used.

The uncertainty contribution ug, . due to the
of the resolution of the indentation measurement

A (X2.14)

ndentation diameter can be
tation measurement system in

¢ in the Certified Value of the
Re}‘e;ence i#hicrThe certificate accompanying
reference test blocks ehould provide an uncertainty in the stated
certified value. This uncertainty contributes to the measure-
ment uncertainty of hardness machines calibrated or verified
with the blocks.

X2.5.5.1 Note that the uncertainty reported on reference test
block certificates is typically stated as an expanded uncer-
tainty. As indicated by [Eq X2.9], the expanded uncertainty is
calculated by multiplying the standard uncertainty by a cov-
erage factor (often 2). This analysis uses the standard uncer-
tainty and not the expanded uncertainty value. Thus, the
uncertainty in the certified average indentation diameter value
of the reference test block usually may be calculated as:

U pormigrum

U pemigmmy =
Re/Bik{mm)

(X2.15)

where:

reported expanded uncertainty of the certified

value of the reference test block in terms of

indentation diameter (mm), and

Kpepimmy = coverage factor used to calculate the uncer-
tainty in the certified value of the reference
standard (usually 2).

Urespieimmy =
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X2.5.5.2 For this analysis, the uncertainty in the stated
certified value of the reference block must be in terms of
indentation diameter (mm). In the case that the reference test
block certificate only provides uncertainty in terms of the
Brinell hardness value, then this uncertainty must be converted
using [Hq X2.4], where up g I8 substituted for AH. The
calculated value of Ad then becomes the new value of g zy,ums
in mm, as:

dX\/D*~ ¢
Hx(D+\/Di = &)

X2.5.6 Measurement Bias (B)—The verificat
this test method provides two acceptable
determining measurement bias of a Brinell ha
(1) by indirect verification through the use
and (2) by direct verification of compon
including the applied forces and the in
system. The measurement bias is the di
“true” hardness of a material and the h
values as measured by the hardness mac

X2.5.6.1 Indirect Verification—In the
machine is verified by indirect
error of the hardness mach
Brinell hardness measuremg
measurement bias B mays
mined as part of the ir
indentation diameter o

X2.5.6.2 The meg
tion diameter, may

Hregaikimm) = % resmagsmm X <

error” deter-
in terms of
s number:

where:
d = average indentation diameter as
indirect verification, and
ijm = certified average indentation diif refer-

ence test block standard used
verification.

Note X2.10—The measurement bias B,

X2.5.6.3 The measurement bias B .

hardness numbers, may be calculated as:

is in length units (mm).

in terms of Brinell

B(HBM =H~ Hpmy (X2.18)
where:
H = mean hardness value as measured by the hardness
machine during the indirect verification, and
Hyme = certified average hardness value of the reference test

block standard used for the indirect verification.
The measurement bias By, may also be calculated
from By, using [Eq X2.3], where B,,,,, is substituted

{mm)

for Ad. The calculated value of AH then becomes the
new vatue of B as:

{emm)

.
ax (p+ /D~ &)

By = By X |~
) dX\/D?— g2

Note X2.11—The measurement bias B, is in Brinell hardness units
(HBW).

(X2.19)

HRW)
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X2.5.6.4 Direct Verification—In the case that the hardness
machine is verified only by direct verification, the measure-
ment error of the hardness machine is estimated by combining
the individual errors of the components of the machine.
Although there are potentially many contributing sources of
error for a Brinell hardness machine, typically the most
significant sources of error are in the force application system
Ep.. and the indentation measuring system E Other
sources may include error in the indenter ball diameter, error in
the timing of the stated hold time, error in the rate of
indentation, etc. It is recommended that an analysis of all error
sources be done to determine the significance of these errors.
For simplicity, only the two errors E,.. and £, will be
considered.

Inderiation®

Force Indensation

X2.5.6.5 These contributing sources of error are calculated
in terms of their units of measurement, for example, E,
and E

Indentation
o AF€ determined in units of length (mm) and force (kgf
respectively. Procedures for calculating E, .m0, and
not presented here. To calculate the measurement bias
s must be determined in terms of indentation
error in the indentation measuring system
dy in the correct units; however, the error
ust be converted to an error in indentation
ing [Eq X2.6]. where £y, ., v IS substituted for
“alenlated value of Ad then becomes a new value of

in mm as:

B may be estimated by
ermined as part of the direct
correct sign (positive or

E

Forceligfor )

F

ax\/p - &

D\ D~ 2

) (X2.20)

X2.
combipi
veri
negat

TE (X2.21)

Force(mm)

X2.5.7 To determine the measurement “error” or bias in
terms of Brinell hardness units B ;,y, the bias, as calculated in
[Eq X2.21] in terms of indentation diameter, must be converted
using [Eq X2.19].

X2.6 Procedure for Calcunlating Uncertainty: Measure-
ment Error Determined by Indirect Verification

X2.6.1 As part of an indirect verification, the “error” of the
hardness machine is determined from the average value of
measurements made on a reference test block (see 3.2.5). This
value provides an indication of how well the hardness machine
can measure the “true” hardness of a material. Since there is
always uncertainty in a hardness measurement, it follows that
there must be uncertainty in the determination of the average
value of the measurements, and thus the determination of the
machine “error.” This section provides a procedure that can be
used, for example by a field calibration agency, to estimate the
uncertainty U, in the measurement “error” of the hardness
machine determined as the difference between the average of
the measurement values and the certified value of the reference
block used for the verification.

X2.6.2 All uncertainty calculations are initially based on
indentation diameter values in mm. The contributions to the



d
~aft

standard uncertainty of the measurement “erron” dy .y, are
(1) UpepanuviRef. Block), the uncertainty due to the lack of
repeatability of the hardness machine combined with the
uncertainty due to the non-uniformity in the reference test
block [Eq X2.12}, which is determined from the hardness
meastrerments made on a reference test block to determine the
“error’” of the hardness machine, (2) ug,,, the uncertainty due
to the resolution of the indentation measurement system [Eqg
X2.14], and (3) ugespp, the standard uncertainty in the certified
value of the reference test block in terms of indentation
diameter [BEq X2.15 and X2.16]. The notation (Ref. Block) is
added to the term ug,,.y, 0 signify that the uncertainty is
determined from measurements made on the reference block
used for the indirect verification.

X2.6.3 The combined standard uncertainty
expanded uncertainty U are calculated
appropriate uncertainty components descri
hardness level of each Brinell scale in
diameter in mm:

Pra—— -
Uneromy =V Ceana (Ref. Block
and

U stactipmy = Kltygecnimm,

X2.6.4 For this analysi
be used. This coverage fac
approximately 95 %.

Note X2.12—The uncert
[Eq X2.22], does not inclug
reproducibility. This is b
is made while the ha
mance level with the

as calculated in
achine's lack of
irect verificatio

units UMMHRM then the
X2.23] in terms of indentation dlame
using [Eq X2.3], where Ui |
calculated value of AH then beco
Uaeumwy 10 Brinell hardness units, as

U stacimm, = UMach(mm) < N

Note X2.13—The first minus sign in [Eq X2.3] has been deleted when
using [Eq X2.24] since uncertainty values are always positive.

Note X2.14—The expanded uncertainty U, .. will commonly be
larger than the value of the hardness machine “error” (bias).

X2.6.6 Reporting the Measurement Uncertainty—This ex-
panded uncertainty U, may be reported by a verification
agency to its customer as an indication of the uncertainty in the
hardness machine “error” reported as part of the indirect
verification of the Brinell hardness machine. The value of U,
should be supplemented with a statement defining to what
Brinell scale and hardness level the uncertainty is applicable,
with an explanatory statement such as: “The expanded uncer-
tainty of the hardness machine “error” reported as part of the
indirect verification for the stated Brinell scale(s) and hardness
level(s) was calculated in accordance with Appendix X1 of
ASTM EI10 with a coverage factor of 2 representing a
confidence level of approximately 95 %.”
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X2.6.7 The standard uncertainty value iy, can be used
as an uncertainty contribution when determining the measure-
ment uncertainty of future measurements made with the
hardness machine (see X2.8 and X2.9).

X2.6.8 Example—As part of an indirect verification of a
Brinell hardness machine, a verification agency may need to
report an estimate of the uncertainty of the hardness machine
“error.” For this example, an evaluation will enly be made for
measurements made on the mid hardness range of the HBW
10/3000 scale. The indentation measuring device is a portable
hand-held scope with a resolution of 0.05 mm. The agency
performs three verification measurements on a HBW 10/3000
hardness block with a reported certified average indentation
diameter value of 4.24 mm with an expanded uncertainty of
U pepmisimny= % 0.04 mm. The hardness block certificate also stated
a certified average Brinell hardness value of 202 HBW 10/3000
with an expanded uncertainty of U,y = =4 HBW 10/3000.
The results of the three verification measurements are:

Diameter length (average} of indentations: 4.25, 4.25 and 4.30 mm

Average indenfation diameter: 4.267 mm
tation diameter error (bias) value: 0.027 mm

lated average hardness value: 199.8 HBW 1073000
ror {bias} value: ~2.3 HBW 10/3000

[Eqg X2.12], or

okl=0.0167 mm
=0.0144 mm [Eq X2.14], and

-=0.02mm [Eq X2.15]
rtonmm = /001672 ¥ 0 0T4# 45,022 =0.0208 mm [Eq ¥2.22], and

2X0.0208)=0.0596 mm [Eq X2.23]
m “error” in the hardness ma-

Therefore, the uncertainty in the ~2.3 HBW 10/3000 “error” in the hard-
ness machine is 5.9 HBW 10/3000. Although this evaluation was made on
material having a hardness of approximately 200 HBW 10/3000, the un-
certainty may be considered to apply to the entire mid range of the HBW
10/3000 scale. This calculation must be made for the low and high ranges
of the HBW 1073000 scale, as well as for the ranges of the other Brinell
scales that are verified.

X2.7 Procedure for Calculating Uncertainty: Measure-
ment Error Determined by Direct Verification

X2.7.1 As part of a direct verification, errors in separate
components of the hardness machine are determined. The
uncertainty of the hardness machine measurement “error” is
estimated by combining the uncertainties of the individual
verification measurements of each of the machine components.

X2.7.2 For each of the sources of error in a Brinell hardness
machine and indentation measurement systernt, a value of error
and the uncertainty of the error must be determined. Some of
these error values and uncertainties are not determined in terms
of indentation diameter. To estimate the uncertainty U, in the
measurement “error” of the hardness machine, the effect that
each of these errors has on the hardness measurement in terms
of indentation diameter must be determined.
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X2.7.3 As done previously in X2.5.6.4, for simplicity only
the uncertainty in the error of the force application system u,,,.
and the uncertainty in the error of the indentation measuring
SYStem #,,4.00m Will be considered. Procedures for calculating
the errors E, e ad E are not presented here. The
uncertainty u,,, is usually determined in units of force (kgf or
N), rather than in terms of indentation diameter (mm). The
uncertainty in the error of the indentation measuring system
Uppgensenion 18 Alr€ady in the correct units; however, the uncertainty
in the error of the force g, gy ..y mMust be converted to an
uncertainty in terms of indentation diameter u .. .. using [Eq
X2.6] Where g, 0rn 18 substituted for AF. The calculated
value of Ad then becomes a new value of u,, ., it terms of
indentation diameter as:

Force

)

¥ Focefmmy

U porce(kaf or N
= Torelaror®) o
i3

expanded uncertainty U, are calcu
appropriate uncertainty components d
hardness level of each Brinell scale ai

[Eq X2.14], as:

Hptachimmy =

and

X275 To deter
“error” of the hag
NS U yyopipmys N
X2.27] in terms of ini
accordance with 6.

X2.7.6 Although the standard unce
mined in this way, is not usually re
agency to its customer, it can be
contribution when determining the me#
future measurements made with the h
X2.8 and X2.9).

X2.7.7 Example—In cases where a Brinell hardness ma-
chine is verified by direct verification, a verification agency is
not required to report an estimate of the uncertainty of the
hardness machine “error;” however, an estimate of this uncer-
tainty may be determined from the direct verification measure-
ments. For this example, an evaluation will only be made for
the mid hardness range of the HBW 10/3000 scale at 200 HBW
10/3000 (4.265 mm indentation diameter). The indentation
measuring device is a portable hand-held scope with a resolu-
tion of 0.05 mm. The agency performs direct verification
measurements of the 3000 kgf force application and of the
indentation measuring device. The results of the verification
measirements are:

Force error (bias) value, £ ryuge or w: — 15 kgl

Uncertainty in the force error, Ueyoggr or 2.5 kgf’

Indentation measuring system emor, £ pemationam:C MM

Uncertainty in the measuring system 8ITar, Uyaataton(mm:0-002 mm (stage
micrometer uncertainty)
Therefore, for a hardness level of 200 HBW 10/3000, to calculate the ma-
chine bias in terms of indentation diameter:
E penmion=0 M, and

~ —15_[4.265x
E o™ 5556 | “165v/i52
E poseeqmmy = 0-0101 mm
Thus

TR ) [Bg X2.201, or

mm™ E ingentgton ™ E rorsegmy = 070.0101=0.0101 mm [Eq X2.21]
To caleulate the uncertainty in the machine “error” or bias:
U pdantaon= 0.002 mm, and

25 ( 4.265X\/10°—4.2657
5000 | 10++/107— 42667
=0.0017 mm, and

uvas(mmé
0.0144 mm [Eqg X2.14]

Y eorceimm™

} [Bq X2.25], or

Upesor™ W
Thus:
Upagnmm =/ 00022+ 060172+ 5.0144%= 0.01464 mm [Eq X2.
Uyggenmm= (2% 0.01464)=0.0203 mm [Eq X2.27]

Therefore, the uncertainty in the 0.0101 mm “error” in the hardness ma-
chine at 200 HBW 10/3000 is 0.0203 mm.

In terms of Brinell hardness units:

{ 200 (10++/10°— 4.265°) \

~(o.0101)x{ (7)) [Eq X2.19], or

26], and

4.265%/10°—4.2657
0997 HBW 10/3000.and
200% (10+/1 §52) )

24], or

) [Eq X

0.0203x ( 4.265X\/10°— 4.265
89 HBW 10/3000

the uncertainty in the ~0.997 HBW 10/3000 “error” in the hard-
ne is 2.89 HBW 10/3000. Although this evaluation was made
erial having a hardness of 200 HBW 10/3000, the uncertainty may
insidered to apply to the entire mid range of the HBW 10/3000 scale.
calculation must be made for the low and high ranges of the HBW
¥3000 scale, as well as for the ranges of the other Brinsll scales that

X2.8 Procedure for Calcula.tmg Uncertainty:

n a measurement value mea-
[as an indication of how well
ith the “true™ value for the
cedure, all uncertainty calcu-
lations are in ally based 01t indentation diameter values in mm
units. The combined standard uncertainty u,,,,,, and the
expanded uncertainty Uy, are both in terms of indentation
diameter. The uncertainty Uy, can then be converted to an
expanded uncertainty Uy, 10 terms of Brinell hardness
numbers.

X2.8.2 Single Measurement Value—When measurement un-
certainty for a single hardness measurement value is to be
determined, the contributions to the standard uncertainty
Upteastmmy 1€ (1) Uggpeap the uncertainty due to the machine’s lack
of repeatability [Eq X2.10], (2) tgepoa the uncertainty contri-
bution due to the lack of reproducibility [Eq X2.13], (3) #p,eop
the uncertainty due to the resolution of the indentation mea-
surerment system [Eq X2.14], and (4) 434, the uncertainty in
determining the “error” of the hardness machine [Eq X2.22 or
Eq X2.26]. The combined standard uncertainty u,,,,, is calcu-
lated by combining the appropriate uncertainty components
described above for the applicable hardness level and Brinell
scale as:

. 2 2 2 2
Hsteasimm = \/uke;»e(ﬁ+ Ureproat Wresort Wagacnimmy  (X2.28)
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X2.8.3 Average Measurement Value—In the case that mea-
surement uncertainty is to be determined for an average value
of multiple hardness measurements, made either on the same
test piece or multiple test pieces, the contributions to the
standard uncertainty « are (1) u __, the uncertainty due

Meas{mm)
to the machine’s lack of repeatability basud on the average of
multiple measurements [Eq X2.11], (2) tggpna the uncertainty
contribution due to the lack of reproducibility [Eq X2.13], (3)
Hgesop the uncertainty due to the resolution of the indentation
measurement system [Eq X2.14], and (4) 34,05 the uncertainty
in determining the “error” of the hardness machine [Eq X2.22
or Eq : ]. The combined standard uncgrtainty u,,, is
calculated by combining the appropriate y compo-
nents described above for the applicable | el and
Brinell scale as:

2 2
4
“ et

Measmm)

X2.8.4 The measurement uncert,
the single and average measurement
uncertainties of the measurement pr
of any test material non-uniformity.

s and are independ

X2.8.5 Average Measureme
Average Muterial Hare
manufacturing facilitieg;
a test sample or pry
average hardness
ness measureme
piece, and then §

hardness of
estimating th
y, multiple harg

desired to report t
the average measurer
hardness of the material, then the co
UNCETtAINLY &y A€ (1) Uggpanull
due to the machine’s lack of repeat
uncertainty due to the material’s nai
which is determined from the hardne
the test material, (2) Ugeppoq the uncertaint ibution due to
the lack of reproducibility [Eq X2.13], (3)A sor the uncer-
tainty due to the resolution of the indentation measurement
system [Eq X2.14], and (4) Upsuenpmmy the uncertainty in
determining the “error” of the hardness machine [Eq X2.22 or
Eq X2.26). The notation (Material) is added to the term u g pe
to signity that the uncertainty is determined from measure-
ments made on the material under test. The combined standard
UNCErtainty .y 18 calculated by combining the appropriate
uncertainty components described above for the applicable
hardness level and Brinell scale as:

- 2 s, 2 2 2
B speastmmy = \/“ Rep&w(M“’ erial)+ut Reproa™ Wresar Wigacngmm)

X2.8.6 When reporting uncertainty as an indication of how
well the average measurement value represents the true aver-
age hardness of the material, it is important to assure that a
sufficient number of measurements are made at the appropriate
test locations to provide an appropriate sampling of any
variations in the hardness of the material.

an explanatory statem
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is calculated for

Meas(mm)

X2.8.7 The expanded uncertainty U
the three cases discussed above as:

u = Ktk pgeasmm +AB S(B () )

Meas(mm)

X2.8.8 To determine the uncertainty of a Brinell hardness
measurement in terms of Brinell hardness units U, .y gam, then
the uncertainty, as calculated in [Hg X2.31], in terms of
indentation diameter, must be converted using [Eq X2.3],
where Uy, 18 substituted for Ad. The calculated value of AH
then becomes the new value of U/ in Brinell hardness
units, as:

MeastHRW)*

U steastany = U steasmmy X ( s

Note X2.15—The first minus sign in [Eq X2.3] has been deleted when
using [Eq X2.32] since uncertainty values are always positive.

X2.8.9 For this analysis, a coverage factor of kX = 2 should
be used. This coverage factor provides a confidence level of
approximately 95 %.

8.10 Reporting Measurement Uncertainty:

1() 1 Single and Average Measurement Values—When
d measurement value is for a single hardness test or
woe of multiple hardness tests, then the value of U,
e supplemented with an explanatory statement such as:
xpanded measurement uncertainty of the reported hard-
value (or average hardness value) was calculated in
ordance with Appendix X1 of ASTM E10 with a coverage
actor of 2 representing a confidence level of approximately
95 %"

2 Average
ge Material
ertainty as

ment Value as an Estimate of
s—When it is desired to report
gtion of how well the average
he true average hardness of the
iees Should be supplemented with
: s: “The expanded uncertainty
of the reported average hardness of the material under test is
based on uncertainty contributions from the measurement
process and from the hardness non-uniformity of the material.
The uncertainty was calculated in accordance with Appendix
X1 of ASTM E10 with a coverage factor of 2 representing a
confidence level of approximately 95 %." If the test report does
not state the number of measurements that were averaged and
the locations that the measurements were made, then this
information should also be included as part of the brief
explanation of how the uncertainty was calculated.

X2.8.10.3 Example—For this example, a company tests its
product by making one Brinell hardness measurement on its
surface and measures the indentation with a portable hand-held
scope having a resolution of 0.05 mm. The measurement value
of the average indentation diameter is 4.20 mm or a Brinell
hardness value of 103 HBW 10/1500. The testing facility
would like to determine the measurement uncertainty in the
single hardness value. A hardness of 104 HBW 10/1500 is in
the mid range of the HBW 10/1500 scale.

For this example, assume the last verification of the mid range of the HBW 10/
1500 scale reported:
U papear 0-032 MM

Upgaciymmy: 0.054 mm
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Bias, By, —0.029 mm and
For this example, assume the hardness machine has been monitored for an
extended period of time, and from [Eqg X2.13], it was determined that:

U pgprag=0.040 mm

Other uncertainty contributions are calculated as:

U,y = kit + ABS(B) (X2.34)

Cert

X2.9.6 To determine the uncertainty of the certified average

0.05 I hardness value of the block in terms of Brinell hardness units
Ugeso™ =0.0144 mm [Eq X2.14] . . . A
v Ucomunwy then the uncertainty, as calculated in [Eq X2.
Therefore: i} i} _ . terms of indentation diameter, must be converted using [Eg

JE—
:m“’ﬁ’"’"*AOVg;;Sazﬁﬁs 0407+0.01440054  [Eq X2.30]. or X2.3], where U, 4, 1s substituted for Ad. The calculated value
and Sinde B = 0,020 mm, of AH then becomes the new value of Uy, in Brinell
Upponaom= (2 0.0758)+ ABS(-0.029) [Eq X2.31], or hardness units, as:

Yiteastmm=0-1806 mm
In terms of Brinell hardness units:

' it \ Hx(D+\/D? - &)

[ 108x (10+1/1 07) = x{ ZoAZTVE T4
Uoasgrany=0.1806% \/V ) [Eq X2.32], or U coammy = U conumy e \/m (X2.35)
UMSEMEW)—Q 3 HBW 10/15()0 for the smgle value of th

Note X2.16—The first minus sign in [Eq X2.3] has been deleted when
using [Eq X2.35] since uncertainty values are always positive.

surement made on the single product item.

X2.9 Procedure for Calculating Uncertai
Certified Value of Standardized T¢

X2.9.7 For this analysis, a coverage factor of k = 2 should
be used. This coverage factor provides a confidence level of
approximately 95 %.

X29.1 Standardizing laboratories en,
of reference test blocks must determi

X2.9.8 Reporting the Measurement Uncertainty—The value
reported certified average hardness v

is an estimate of the uncertainty in the reported certified
ardness value of a reference test block. The reported
be supplemented with a statement defining to
1l scale and hardness level the uncertainty is
with an explanatory statement such as: “The
uncertainty in the certified value of the test block was

certified value would agree with the “t
the test block.

X2.9.2 Test blocks are certifi
hardness value based on cal;
the surface of the tes
identical to the analy:
average hardness of
calibrated referenc

X2.9.3 For th
initially based on i
combined standard uncef
Certainty U,y are both it
uncertainty Ug,yyy can then be cor

uncertainty U, e 0 terms of Brine
amnty e T 10/50() is considered within the hlgh range of lhc HBW 10/500
in.QA m{? T]onmbutmns “1) the S;a " 2 ”CeﬁfmIM) scale. The results of the five calibration measurements are:
of the cer u,le ‘“ﬁlage Va‘ue. O the: ar‘f' ( ) Average diameter lengths: 2.53, 2.50, 2.50, 2.51, and 2.51 mm
Upepanul Culib. Block), the uncertainty du ndardizing Calculated average indentation diameter: 2.51 mm
machine’s lack of repeatability combined with*#§ie uncertainty Calculated hardness values 97.8, 100, 100, 99.4 and 99.4 HBW 10/500
due to the calibrated block’s non-uniformity [Fg X2.12], which $§;‘;ﬁ‘;‘_ﬁ average hardness value: 89.4 HBW 10/500
is determined from the calibration measurements made on the (c' i, Blockl STDEV(2.53, 2.50, 2.50, 2.51, 2.51) Ba X212
test block, (2} Ugepyea the uncertainty contribution due to the Ungpeso Callb. Block) = 5 (g X2.12], or
lack of reproducibility [Eq X2.13], (3) 4g,, the uncertainty Upnops A Calib. Block)=0.0056 mm
due to the resolution of the indentation measurement system For this example, assume the last direct verification of the high range of the
Bq X2.14], and (4) sz, , the uncertainty in determinin: HBW 10/500 scale reported:
[ 17 ] and (4) Uagachimmy, reainty q e 0015 i
the “error” of the standardizing machine [Eq X2.22 or Eg Bias. B, :—0.004 mm
oy . . . () N
X2.26]. The notation (Calib. Block) is added to the term H pepnty Also assume the hardness machine has been monitored for an extended period
to signify that the uncertainty is determined from calibration ~ of ime, and from [Eq X2.18], it was determined that:
meastrements made on the calibrated block. Unoprog—0.004 mum for the high range of the HBW 10/500 scale
Other uncertainty contributions are calculated as:

=0.0029 mm [Eq X2.14] Therefore:

X2.9.5 The combined standard uncertainty u,,,, and the
expanded uncertainty Uy, are calculated by combining the
appropriate uncertainty components described above for each  Ycenmm=\/0.0055% +0.0047 +0.00297+ 0.018% [Eq X2.33], or

- - : . Ugenm=0167 HBW 10/500
hardness level of each Brinell scale as: e e B = 0,004 mm,

Upeso™

: 2 Uanmm={(2%0.0167) + ABS(-0.004) [Eq X2.34]. or
bcutons = N g Cali BIoCH) + 6+ o oo Uy =0.0374
(X2.33) In terms of Brinell hardness units:

[
o
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ull

89.4%(10+1/10°-2.51%) |

u, 700374><( e ) [Bq X2.35]. or

2.51x1/107— 2512
Ugarpam= 3.0 HBW 10/500 for the certified hardness value of the single
calibrated test block.

CerHBW)
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