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1. Scope*

1.1 This test method covers the determination of thg:Brinell

Brinell hardness tests.

1.2 This standard includes additional requi
annexes: i
Verification of Brinell Hardness Testing Machines
Brinell Hardness Standardizing Machines
Standardization of Brinell Hardness Indenters
Standardization of Brinell Hardness Test Blocks

1.3 This standard includes nonmandairit‘); g

Table of Brinell Hardness Numbers
Examples of Procedures for Determyi
Brinell Hardness Uncertainty

respt;nsibilily of the user of this standard 1o estabii
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

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

Current edition approved May 1, 2014. Published August 2014. Originally
approved in 1924. Last previous edition approved in 2012 as E10 - 12. DOk
10.1520/E0010-14.

2. Referenced Documents

2.1 ASTM Standards:*

E29 Practice for Using Signilicant Digits in Test Dala (o
Determine Conformance with Specifications

E74 Practice of Calibration ol Force-Measuring Instcuments
for Verifying the Force Indication of Testing Machines

E 40 Hardness Conversion Tables for Metals Relationship

Among Brinell Hardness, Vickers Hardness, Rockwell
sHfidtncss, Superticial Hardness, Knoop Hardness, Sclero-
ardness, and Leeb Hardness

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 assure confor-
mance with the specification.

® For refetenced ASTM standards, visit the ASTM website, www.astm.otg, or
contact ASTM Customer Service at service@astm.org. For Aunual Book of ASTM
Standards volume information, refer to the standard's Document Summary page on
the ASTM website.

* Available from American Bearing Manufacturers Association (ABMA), 2025
M Street, NW, Suite 800, Washington, DC 20036, http</www.americanbeatings.org.

¢ Available from American National Standards Institute (ANSI), 25 W, 43rd St,
4th Floor, New York, NY 10036, http/www.ansi.otg.

#A Summary of Changes scetion appears at the end of this standard

Copyright & ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 18428-2050. United States
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3.1.3 standardization—to bring in conformance with a
known standard through verification or calibration.

3.1.4 Brinell hardness test—an indentation hardness test
using a verified machine to force an indenter (tungsten carbide
ball with diameter D). under specified conditions. into the
surface of the material under test. The diameter of the resulting
indentation d is measured after removal of the force.

3.1.5 Brinell hardness number—a number, which is propor-
tional to the quotient obtained by dividing the test force by the
curved surface area of the indentation which is assumed to be
spherical and of the diameter of the ball.

3.1.6 Brinell hardness scale—a designation that identifies
the specific combination of ball diameter and applied force
used to perform the Brinell hardness test.

3.1.7 Brinell hardness testing machine—a Brinell hardness
machine used for general testing purposes.

3.1.8 Brinell hardness standardizing machine:

regular Brinell hardness testing machine b
tolerances on certain parameters.

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

ndenter ball,

TABLE 1 Symbols and Deslgiihtios

Symbol
D Diameter of the ball
F Test force, N
Fiar Test force, kg
where g, is the accelé:
9= 980665 kgfiN
d Mean diameter of the indentation, mi
_ Attt
- n
where d + d; + ...+ d, are the measured indr
diameters in mm, and n is the number of diameté mea-
surements.
A Depth of the indentation, mm
D-VF-F
2
Force-
Diameter
ratio
HBW Brinell hardness

_ Test Force
~ Surface area of indentation

2F

(- =)

i as the ratio

3.2 Eguations.
3.2.1 The Brinell hardness number is calculated as:

HBW = Fig 1
=(p- D —a&)
where:
Frer test force in kgf,
D = diameter of the indenter ball in mm, and

d = measured mean diameter of the indentation in mm
(see Table 1).

3.2.2 The repeatability R in the performance of a Brinell
hardness machine at each hardness level, under the particular
verification conditions, is estimated by the range of diameter
measurements of » indentations made on a standardized test
block as part of a performance verification, defined as:

R=dpe = i (2)
where:
d,... = mean diameter of the largest measured indentation,
and
d, = mean diameter of the smallest measured indentation.

3.2.2:The averageH of a set of n Brinell hardness measurement
s H, is calculated as:

Hy+H,+ . +H,
”

ach hardness level is determined as:

E=H-Hg, @)

ayerage of n hardnesiitests H,, H,. ..., H, made on
Standardized tef t¥¥éckas part of a performance
giification, and

ess value of the standard-

3.2.5 The mean diameter of an indéntationd is calculated as:
d,+d, ... +d,
= %)
n
Where:
d, d, .
n

measured indentation diameters in mm, and
= the number of diameter measurements.

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

7 dl+d2+...+dN
N

(6)

where:

dl, d2, ... dN = mean indentation diameters in mm, and
N = number of indentations (see Annex A4).

4. Significance and Use

4.1 The Brinell hardness test is an indentation hardness test
that can provide useful information about metallic materials.
This information may correlate to tensile strength, wear
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resistance. ductility, or other physical characteristics of metal-
lic materials. and may be useful in quality control and selection
of materials.

4.2 Brinell hardness tests are considered satistactory for
CC ce testing of ¢« i i 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 surffige, and
the test force F is applied. The test force is held for 4:
dwell time and then removed.

5.1.2 Step 2—The diameter of the indentati
in at least two directions perpendicular to e
Brinell hardness value is derived from the me:
measurements.

5.2 Brinell Testing Machine—Equipment
ness testing usually consists of a testing
supports the test specimen and applies an indenting

Brinell hardness test principle;::
machine shall be such that no
the indenter or specimen
applied. The design of the g
force to the indenter is ay
forces. Precautions shall
test force caused by the inerii&
overshoot. etc.

5.2.1 See the Equipment Manulauurer s I
for a description of the machine’s character;
and respective operating procedures.

5.2.2 Anvils—An anvil. or specimen suppot
that is suitable for the specimen to be tested. T
supporting surfaces of all anvils should be cleas
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
and 10 mm). Indenters shall meet the requirements defined in
Annex A3,

5.2.4 Oil. dirt. or other foreign materials shall not be

allowed to accumulate on the indenter, as this will affect the
test results.
5 Device—The device used
mr 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 tixed measuring lines.

5.2.5.1 Type A Device—The acceptable minimum resolution
for a Type A device shall be as given in Tuble 2.

5.2.5.2 Type B Device—The acceptable maximum spacing
between the graduated lines 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 1 mm ball indenters.

Brinell testing and i
f devices shall be verified periodically in accor-

all be used to verify the testing machine in
th Annex Al

dr Scales—The cc of indent-
test forces define the Brinell hardness scales. The
Brme]l hardness scales and test forces are given in
i f cter ratios (see Tuble |} of

&

Other scal 1§ non-standard test forces
. special agréépigiit. Examples of other scales
and the citrespoitditiz. force-digdsiidier ratio (in parentheses) are
HBW 10/750 (7.5), HBW 1072000 (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 ¢ 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

FIG. 1 Principle of Test

TABLE 2 and Spacing of
Measuring Devices
Type A Type B
: Minimum Maximum
| Bal Diameter Indicator Resolution Graduation Spacing
B mm mm

| 10 0.0100 0.100

5 00050 0050
d 25 00025 -

1 00010 -
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TABLE 3 Test Conditions and Recommended Hardness Range

Brinell D‘:’:!(er Force- Nominal Value of Re?r:dmended
Hardness Diameter ___ Test Force, F iardness
Scale b Ratiot Ny gt Age
mm N kgt HBW

HBW 10/3000 10 30 29420 3000 95.5 to 650
HBW 10/1500 10 15 14710 1500 47.7 to 327
HBW 10/1000 10 10 9807 1000 31.8 10 218
HBW 10/500 10 5 4903 500 15.9 to 109
HBW 10/250 10 25 2452 250 7.96 to 54.5
HBW 10/125 10 125 1226 125 3.98 to 27.2
HBW 10/100 10 1 980.7 100 3.18 10 21.8
HBW 5/75¢ 5 30 7355 750 95.5 to 650
HBW 5/25¢ 5 10 2452 250 31.8 10 218
HBW 5/125 5 5 1226 125 15.9 to 109
HBW 5/62.5 5 25 612.9 62.5 7.96 to 54.5
HBW 5/31.25 5 125 306.5 31.25 3.98 to 27.2
HBW 5/25 5 1 2452 25 3.18 to 21.8
HBW 2.5/ 25 30 1839 187.5 95.5 to 650
187.5
HBW 2.5/62.5 25 10 612.9 62.5 31.8 19.218
HBW 2.5/ 25 5 306.5 31.25 15. 09
31.25
HBW 2.5/ 25 25 153.2
15.625
HBW 2.5/ 25 125 76.61
7.8125
HBW 2.5/6.25 25 1 61.29
HBW 1/30 1 30 294.2
HBW 1/10 1 10 98.07
HBW 1/5 1 5 49.03
HBW 1/2.5 1 25 24.52
HBW 1/1.25 1 125 12.26
HBW 1/1 1 1 9.807

# See Table 1.

and, i

5.6.1.3 The applied force dwei{itimg:
15s. i
5.6.2 The only exception to the above requ
HBW 10/3000 scale when a 10 s to 15 s dwelbiine
Only in the case of this one Brinell hardné
designation be reported simply as HBW.

5.6.3 Examples:

220 HBW = Brinell hardness of 220 determined with a ball of 10 mri diameter
and with a test force of 29.42 kN (3000 kgf) applied for 10 s 10 15

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

600 HBW 1/30/20 = Brinell hardness of 600 determined with a ball of 1 mm
diameter and with a test force of 204.2 N (30 kgf) applied for 20 s

6. Test Piece

6.1 There is no standard shape or size for a Brinell test
specimen. The test piece on which the indentation is made
should conform to the following:

6.1.1 Thickness—The thickness of the specimen tested shall
be such that no bulge or other marking showing the effect of
the test force appears on the side of the piece opposite the

indentation. The thickness of the material under test should be
at least ten times the depth of the indentation & (see Table 4).
Table 4 can also be used as a guideline for the minimum depth
of a layer of a material. such as a coating.

Note 1—Brinell hardness testing can use high test forces. Under certain
conditions of testing a relatively thin material or coating on a material with
high hardness, there is a potential for the test material to break or shatter
under load resulting in serious personal injury or damage to equipment.
Users are strongly cautioned to exercise extreme care when testing a
material that could potentially fail under load. If there is a concern or
doubt, do not test the material.

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 tiled, 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

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

Minimum Specimen Thickness

5mm 25 mm 1 mm
Ball Ball Ball
mm_in.  mm_ in.  mm i

01 0004
02 0009
04 0016
07 0026

0014 10 0039

0.020

0.026

0.033

0.041

0.050

0.060

0.072

0.084

0.008
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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.

Nore 2—A lower limit in indentation diameter is recommended
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.

ote 3—It 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 continuousseale of
values, it may be desirable to use a single force to cover flg
range of hardness for a given class of materials.

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

7.3 Direct comparisons of Brinell hardni
tests using different scales can be made onf:
diameter ratio is maintained (see Table 3). Bt
tests made on the same test material, but usmgdmerenl foreg
diameter ratios, will produce different Brinell
bers.

male an HBW 5/]"5 test since
both scales. However, a valug:
approximately equal to 180,
material because of differe;
respectively).
7.4 Daily Verification—
machine shall be performed in‘
to making hardness tests. Hal
made only on the calibrated surface of the teg]
recommended that the operation of the machg

Anmnex Al after each change of the test fori
indenter.
5 Indentation Procedure—The Brinell hardnes:

be carried out as follows:

7.5.1 Bring the indenter into contact with the test surface in
a direction perpendicular to the surface without shock, vibra-
tion or overshoot. The angle between the indenter force-line
and the surface of the specimen should be perpendicular.

7.5.2 Apply the test force F within 1 to 8 s. Faster force
application times are permitted it it is demonstrated that test
results are not affected.

7.5.3 Maintain the fully applied test force for 10 s to 15 s,
with the following exception.
.5.3.1 In the case of materials exhibiting excessive plastic
flow after application of the test force, special considerations
may be necessary since the indenter will continue to penetrate
into the material. Testing of these materials may require the use
of a longer applied force dwell time than stated above. which
should be specitied in the product specification. When an

extended applied force dwell time is used, the dwell time shall
be recorded and reported with the test results (see 5.6.1).

7.54 Atthe end of the dwell time, immediately remove the
test force without shock or vibration.

7.6 Measurement of Indentation:

7.6.1 Measure the diameter of each indentation in two
directions, perpendicular (90°) to each other. Additional mea-
surements of the indentation diameter may also be made. The
arithmetic mean of the measurements shall be used 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 0.1 mm unless it is specified in the
product specification, such as tor an anisotropic grain structure
where the difference can be 0.2 mm.

7.64 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
curyedidurfaces may be slightly elliptical rather than circular in
measurements of the indentation shall be taken as
major and minor axes.

n Spacing—The distance between the centers

ediéiithe test piece shall be at least two and a half times the
iter of the mean indentation.

be carried out at an

dness tests
ithi is of 10 to 35°C (50 to

hardness measurement.

8. Conversion to Other Hardness Scales or Tensile
Strength Values

8.1 There is no general method of accurately converting the
Brinell hardness numbers on one scale to Brinell hardness
numbers on another scale, or to other types of hardness
numbers, or to tensile strength values. Such conversions are, at
best. approximations and. therefore should be avoided except
for special cases where a reliable basis for the approximate
conversion has been obtained by comparison tests.

Note 4—The Standard Hardness Conversion Tables for Metals, E 140,
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 Ataminimum, 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



Ay E10-14

g1l

accordance with Practice E29, for example. 225 HBW, 100 TABLE 5 Summary of Statistical Information
; /5062 - -
HBW 10/500, 95.9 HBW or 9.10 HBW 5/62.5. S % & s e A
9.1.2 The test conditions, when other than a 3000 kgf (29.42 100 HBW  101.71 231 091 242 2.56 6.78
kN) applied force, a 10 mm ball diameter, and a [0 s to 15 s 5/500
oo : N < 170HBW 17542 208 089 221 249 6.18
application of test force are used (see 5.6.1). 1071500
9.1.3 A statement that the indentation measuring device was %Z?;)W 221.83 400 220 4.38 6.18 12.28
Type A, when such a device is used. When a Type B 300 HBW 284.63 548 264 5.89 739 1648
indentation measuring device is used, no statement is required. 10/1500
. N o . S00HBW 50221  11.78 474 1240 1328 3471
9.14 The ambient temperature of the test. if outside the 10/3000
limits of 10 to 35°C (50 to 95°F), unless it has been shown to 300 HBW 29125 872 208 6.93 583 19.42
. 10/3000
not affect the measurement result. 200 HBW  197.71 564 P 672 12.51 1880
10/3000

10. Precision and Bias

10.1 The precision of this test method is based on an
interlaboratory study of Test Method E10 conducted j
This replaces a previous study which used steel balk
Each of eight laboratories tested the Brinell
metallic materials. Three analyses were performei
seven different materials of varying levels of Jiisziess.
replicates of each analysis were performed.
this study are filed in an ASTM Research Re

the same material, obtained by
same equipment on the same di

10.3 Reproducibility—Tw
equivalent if they ditfer by
material; Rpp is the inté
tween two test results fc
different operators using differé;
ratories.

10.4 Any judgment in accordance with s
10.3 would have an approximate 95 % prof
correct.

10.5 Results from the interlaboratory study are’skiiiarized
in Table 5.
10.6 Bias—AL the time of the study. there was no accepted
reference material suitable for determining the bias for this test
method, therefore no statement on bias can be made.

11. Keywords

11.1 Brinell; hardness; mechanical test: metals

3 Supporting data have been filed at ASTM Intemational Headquarters and may
be obtained by requesting Research Report RR:E28-1023.
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ANNEXES

(Mandatory Information)

Al. VERIFICATION OF BRINELL HARDNI

Al.l Scope

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

Al.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. :

vcm)m\7 the performance of the testing machin
standardized test blocks and indenters.
Al.1.4 The daily verification is a process f;
performance of the testing machine between
tions by means of standardized test blocks.

Al.2 General Requirements

and when circumstances occur th;
of the testing machine.
Al1.2.2 The temperature
measured with an instrumgjj
+2.0°C or +3.6°F. It is ree
monitored throughout tl

ture at the verification site doe
daily verification.

TABLE A1.1 Verification Schedule for a BrinelF:

Verification

Procedure Schedule
When a testing machine is new, or when adjustffients,
verffcation 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 needex
Shall be no longer than every 18 months.
When a test machine is installed, [only the procedure for
verifying the as-found condition is required, (see A1.4.4).
When a test machine is moved, [only the procedure for
verifying the as-found condition is required, (see A1.4.4).
This does not apply to machines that are designed to be
moved or that move prior to each test, when it has been
previously demonstrated that such a move will not affect
the hardness result.
Following a direct verification.

Required each day that hardness tests are made.
Recommended whenever the indenter o test force is
changed.

Daily
verification

S TESTING MACHINE;

A123 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards when a system of traceability exists, except as noted
otherwise.

A1.2.4 Indirect verification of the testing machine shall be
pertormed at the location where it will be used.

A1.2.5 Direct verification of newly manufactured or rebuilt
testing machines may be performed at the place of
manutacture, rebuild, repair or the location of use.

Note Al.1—It is recommended that the calibration agency that is used
to conduct the verifications of Brinell hardness testing machines be
aceredited to the roquirements of 1SO 17025 (or an equivalent) by an

iting body ized by the Laboratory
Cooperation (ILAC) as operating to the requirements of ISO/IEC 17011,

ALE Difect Verification

ct veritication of the testing machine shall be

rect verification is a useful tool for determining the
or in a Brinell hardness testing machine. It is recommended
g machines undergo direct verification periodically to make
‘that errors in one component of the machine are not being offsct by
rs in another component.

of at least'0.25 3
A13.2.1 Make three meaStrements 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 1 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 itative error value. Position the measuring device such
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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.

Al.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 manutacture, or when the testing machine
is returned to the manutacturer 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
veritication at other times.

Al1.3.5 Direct Verification Failure—If any of the direct
veritications fail the specified requirements, the testing ma-
chine shall not be used until it is adjusted or repaired. Ithe test
forces. indentation measuring system or testing cycle: b
been affected by an adjustment or repair, the afti
nents shall be verified again by a direct verificag

Al.4 Indirect Verification

Al4.1 An indirect verification of the testin;

Al Indirect verifications may be requiredimore frequen
than stated in Table Al.1 and should be based on_thes
the testing machine.

Al.4.2 The testing machine sl
force and for each ball diamete,
next indirect verification. Had
scales that have not been v:
Table Al.1 do not meet (

Al.43 Standardized
fication shall meet the reqi
measurements shall be made Grily; g Eetcalibrale
the test block.

Nore A13—It is recognized that appropriate star
are not available for all geometric shapes, materials

Al.44 As-found Condition—It is recon

historical performance of the machine. This procediite’ should
be conducted by the verification agency prior to any cleaning.
maintenance, adjustments, or repairs.

Al.44.1 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.

Al1.44.2 One or more standardized test blocks in the range
of normal testing should be tested for each Brinell scale that
will undergo indirect verification.

Al1.44.3 On each standardized test block, make at least two
Brinell hardness tests distributed uniformly over the test
surtace. Determine the repeatability R and the error E (Eq 2
and Eq| 4) in the performance of the testing machine for each
standardized test block that is measured.

Al.44.4 The repeatability R and the error E should be
within the tolerances of Tuble A1.2. If the calculated values of

imachine shall™

TABLE A1.2 Repeatability and Error of the Testing Machine
Reference Block

Maximum Permissible  Maximum Permissible

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

the repeatability R or the error E fall outside the specitied
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.

Al.46 Indirect Verification Procedure—The indirect verifi-
cation procedure is designed to verity that for all of the Brinell
hardness scales to be used, each test force is being accurately
applied, each indenter-ball size is correct, and the measuring
device is calibrated correctly for the range of indentation sizes
that these scales produce. This is accomplished by making
Brinell hardness tests on test blocks that have been calibrated
for appenpriate Brinel] hardness scales that employ each of the

cks shall be chosen such that the following

test force that will be used, at least one block

hall be tested. one from a low hardness level and one
igh hardness level. As best as practical, choose the low
i range of commercially
e more than one of the

highest test force shall be
J:block to produce the largest
f3d:the Bripgliiscale using the lowest test
force shall be veritied on a“high "hardness level block to
produce the smallest indentation size. The two extremes of
indentation size will verify the capability of the measuring
device. The blocks need not be from scales of the same
force/diameter ratio.

{3) Each test block’s calibrated Brinell scale is one of the
scales (o 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 Al.

{5} In cases where no test blocks are commercially
available for a specitic Brinell scale that requires verification,
directly verify the force level employed by the scale according
to Al.3.2 and the measuring device according to Al.

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
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hardness level of the HBW 10/3000 scale, one block from a
high hardness level of the HBW 1073000 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 1073000, HBW 10/1500 and HBW 1071000 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
three test forces that must be veritied. The highest test force
(29420 N. 3000 kgf) scale is tested on a low hardness level
hardness block, and the lowest test torce (9807 N, 1000 kgf)
scale is tested on a high hardness level test block. T! iddle
test force (14710 N, 1500 kgf) scale may be tested gigi#itlier a
low or high hardness level test block.

Example 3—A testing machine is to be veri
HBW 10/3000 scale. At a minimum. two
required for the verification: one block frony
level of the HBW 10/3000 scale, and one bf

although there is only one Brinell scale to b
blocks of different hardness levels are required fi
cation. :
Al1.4.6.2 Prior to making the i
tests, the measuring device sha
measuring the diameters of (A
A4.5.6) chosen from the ref:
indirect verification. Locatg

shall be the indentation ki
indentation having the largest'ds;
measured dimensions shall agrée:
values within 0.5 %. For Type B devic

dimensions shall be estimated to agree Wi

differences is larger, the measuring device shi
verified in accordance with A1.3.3. As an al
measuring reference indentations, the measuring device may
be directly verified in accordance with A1.3.3.

A1.4.6.3 The testing machine shall be verified with the
user’s indenter ball(s) that will normally be used for testing.

Al1.4.6.4 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 mmor 1 mm ball distributed uniformly over the test
surtace. Determine the repeatability R and the error E (Eq 2
and Eq| 4) in the performance of the testing machine for each
hardness level of each Brinell scale to be veritied. The
repeatability R and the error E shall be within the tolerances of
Table A2

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.

" measured.

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

A1.4.7 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 specitic testing
machine. The user may perform the verification by following
the verification procedures for the as-found condition given
above in Al4.4.

ALS Daily Verification

AlL.5.1 The daily verification is intended as a tool for the
user to monitor the performance of the testing machine
between indirect verifications. At a minimum, the daily veri-

fication shall be performed in accordance with the schedule
given in Table A1.1 for each Brinell scale that will be used.

A1.5.2 Daily Verification Procedure—The procedure to use
when performing a daily verification are as follows.

A1.5.2.1 At least one standardized test block that meets the
requirements of Anncx A4 shall be tested for each Brinell scale
to be used prior to its use. When test blocks are commercially
i . the hardness level of the test blocks should be chosen
mately the same hardness value as the material to be

ndenter ball to be used for the daily verifica-
indenter ball that is normally used for testing.
Viake at least two hardness tests on each of the
‘ation test blocks. The tests shall be distributed
over the surface of the test blocks.

4 Determine the error E in the performance of the
gsting machine (E¢| 4) for each standardized test block that is
If the difference betyggn, any of the hardness test
values and“#he certified valu “test block is outside the
es given in Table A1.2,
mine the repggt_am_ ity R (Eq 2).

peatability R (if calculated)
. gztolerances given in Table
. then the testing machine with the indenter may be
regarded as performing satistactorily.

A1.5.2.6 If the error E or the repeatability R (if calculated)
for any of the test blocks is outside the tolerances, the daily
verification may be repeated with a ditferent 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 veritied
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
AlA6.2. If the difference is larger, the measuring device
should be directly verified in accordance with A1.3.3.

Note Al.4—It is highly recommended that the results obtained 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.
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AL6 Verification Report

AL6.1 A verification report is required for direct and
indirect verifications. A verification report is not required for a
daily verification.

Al1.6.2 The verification report shall be produced by the
person performing the veritication and include the following
information when available as a result of the verification
performed.

A1.6.3 Direct Verification:

AL1.63.1 Reference to this ASTM test method.

A1.6.3.2 Identification of the bhardness testing machine,
including the serial number, and model number.

A1.6.3.3 Identification of the indentation measuring
device(s). including the serial number, model number, and
whether it is a Type A or B device.

A1.6.3.4 Identification of all devices (elastic
devices, etc.) used for the verification, includj
numbers, and identification of standards to which teg
made. ;

A1.63.5 Test temperature at the time of §&
ported to a resolution of at least 1°C. The &

ification site does not need to be recol

lire ments

¢e done to

agency or department.

A2.1 Scope

A2.1.1 Annex A2 specifies the requirements for the
capabilities, usage. periodic veritication, and monitoring of a
Brinell hardness standardizing machine. The Brinell hardness
standardizing machine differs from a Brinell hardness testing
machine by having tighter tolerances on certain performance
attributes such as force application and the indentation mea-
suring device. A Brinell standardizing machine is used for the
standardization of Brinell test blocks as described in Annex
Ad

A2.2 Accreditation

A2.2.1 The agency conducting direct and/or indirect verifi-
cations of Brinell hardness standardizing machines shall be

also Note #

A1.6.3.9 Signature of the person performing the verifica-
tion.

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.

Al1.6.4.3 Identification of all devices (test blocks, indenters,
etc.) used for the verification, including serial numbers, and
i ification of to which ility is made.

Al.6.44 Test temperature at the time of veritication re-
ported to a resolution of 1°C.

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

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.

Date of verification and reference to the verifying
partment.
ature of the person performing the verifica-

Verification.

o veritication report is required; however, it is
ded that records be kept of the daily verification
cluding the verification date, measurement results,
e value of the test block. test block identitication. and
name of the person that performed the verification, etc. (see
3. These recoy e used to evaluate the
the hardness fie over time.

pertorman

STANDARDIZING MACHINES

accredited to the requirements of ISO 17025 (or an equivalent)
by an accrediting body recognized by the International Labo-
ratory Accreditation Cooperation (ILAC) as operating to the
requirements of ISO/ZIEC 17011. An agency accredited to
pertorm verifications of Brinell hardness standardizing ma-
chines may perform the verifications of its own standardizing
machines. The standardizing laboratory shall have a certificate/
scope of accreditation stating the types of veritications (direct
and/or indirect) and the Brinell hardness scales that are covered
by the accreditation.

Note A2.1—Accreditation is a new requirement starting with this
edition of the standard.
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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.

A233 Measurement Device—The measuring device shall
be a Type A device as described in 5.2.5. The divisions of the
micrometer scale of the microscope or other measuring devices
used for the measurement of the diameter of the indentations
shall be such as to permit the estimation of the diameter to
within the tolerances given in Table A2.1.

A2.3.4 Indenters—Indenters as specified in Anncex A3 shall

be used.
A2.3.5 Testing Cycle—The standardizing machjjig
capable of meelmg a deslred test cyde pammele

cycle.

A24 Laboratory Environment
A2.4.1 The standardizing machine shall

shall be as given in Table A2.3.

A2.4.2 The temperature ang
dardizing laboratory shall be
and throughout the standarg

A24.3 The standardiz
blocks to be standardized #ii
the tolerances of Table A2
standardization.

A2.4.4 During the standardization procesg:y
ing machine shall be isolated from any vibatiog: izt may
affect the measurements.

5 Standardizing Machine Verifications

A25.1 The standardizing machine shall undetdé direct
verification at periodic intervals and when circumstances occur
that may atfect the performance of the standardizing machine,
according to the schedule given in Table A2.4.

Note A2.2—Periodic direct verification (every 12 months) is a new
requirement starting with this edition of the standard. In previous editions
of this standard, direct verification was used only as an alternative to
indirect verification (which is no longer required) for machine verification.

TABLE A2.1 Resolution of Indentation Measuring Device

Ball Indenter Diameter Minimum Resolution

mm
10 10002
5 10002
25 10001
1 10,001

TABLE A2.2 Testing Cycle Requirements

Testing Cycle Parameter Tolerance
Indenter contact velogity =1 mm/s
Time for application of test force 201080s
Dwell time for test force 10101558

TABLE A2.3 Standardization Laboratory Environmental
Requirements

Environmental Tolerance
Parameter Measuring Instrument
Temperature 23 £2°C +1°C
(73 5°F) @F
Relative humidity <70% £10%

TABLE A2 4 Verification Schedule for a Brinell Hardness

Standardizing Machine

Schedule

‘At a maximum, shall be within 12 months prior to
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 voroes the indentation
measuring system, of the testing cyc
Each day that test blocks are to be Calbrated. Eithor
direct verification or performance.

Verification

Verification

Monitoring

ach day that standardizations are made. accord-
edule given in Table A2.4.

A2.6.1 Perform a direct vétification of the standardizing
machine in accordance with the schedule given in Table A2.4.
The test forces, indentation measuring system and the testing
cycle shall be verified.

A2.6.2 Perform Cleaning and Maintenance—If required,
cleaning and routine maintenance of the standardizing machine
shall be made before conducting direct or indirect verifications
in accordance with the manufacturer’s specitications 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 acc
racy of at least 0.05 %, as described in Practice E74.

A2.6.3.1 Make three measurements of each force. The
forces 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.
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A2.6.4 Verification of the Indeniation Measuring System—
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.S 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 A2

A2.6.6 Indenter Balls—At the time of the direct verification,
all indenter balls that have been used shall be replaced by new
unused indenter balls meeting the requirements of Annex A3,

A2.6.7 Direct Verification Failure—If any of the direct
verifications fail the specitied requirements, the standgidi
machine shall not be used until it is adjusted or repi
parameter that may have been affected by an agi
repair shall be verified again by direct verificatigs

the standardizing hardness machine.

A2.7.2 The standardizing laboratory shall monitor |
dardizing machine by performing monitoring verifigdits
day that test block calibrations are madal adispigisie
schedule given in Table A2.4. Monik 3 3
performed prior to the test block;
either by direct verification ¢
using test blocks.

A2.7.3 Monitoring Diret
ing verification is to be
in accordance with the requi
and ball size of the Brinell scagg:

A2.7.4 Monitoring Performani
monitoring verification is to be made
verification. the following monitoring pro
performed.

A2.7.4.1 Depending on the Brinell scales™; ¥ test
blocks will be calibrated on that day. monitoring teig#hall 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
for each ball size that will be used. The monitoring test blocks
shall meet the requirements of Annex A+. 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

TABLE A2.5 Maximum Error of Indentation Measuring Device

E (Eq 4) and the repeatability R (Eq 2) 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 Tuble A2.6, then the
standardizing machine with the indenter may be regarded as
pertorming satisfactorily.

A2.7.4.3 If any of the error E or repeatability R measure-
ments fall outside of the specitied tolerances, the standardizing
machine shall not be considered to have passed the monitoring
verification, and shall not be used for standardizations. When-
ever a standardizing machine fails a meonitoring verification,
the standardizations made since the last valid monitoring
verification may be suspect.

A2.7.5 Monitoring Methods—Control charts or other com-
parable methods should be used to monitor the performance of
the standardizing machine between direct verifications. Control
charts provide a method for detecting lack of statistical control.
There are many publications available that discuss the design
and use of control charts. such as the ASTM “Manual on
Presentation of Data and Control Chart Analysis: 6th Edition.™
prepared by Committee EI1 on Quality and Statistics. The
standardizing laboratory should develop and use control charts
beslapply to their specific needs.

. Control chart data should be interpreted by the laboratory
#perience. The need for corrective action does not depend
ling outside the control limits, but also on the prior data
firence. As a general rule, however, once the standard-
etermined to be in control, a single occurrence of data
the control limits should alert the laboratory to a possible
& level of action that is required depends on the history of the
tformance. It may be precautionary such as increasing the
i frequency, or corrective such as performing new direct and
gativerifications.

M test method.

hardness standardizing
maching, gacludivig4he serial muber. manufacturer and model
number.

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

A2.8.14 Test temperature at the time of veritication re-
ported to a resolution of at least 1°C.

A2.8.1.5 The individual measurement values and calculated
results used to determine whether the standardizing machine
meels 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.

TABLE A2.6 Maximum Allowable Repeatability and Error of
Standardizing Machines

Ball Indenter Diameter Maximum Error

mm
10 40.004
5 40.004

2.5 40,002
1 40.002

Reference Block Maximum Permissible  Maximum Permissible

Hardness Repeatabilty, A ror,
HBW % of d {see Eq 3) % of H
HBW = 125 2 2
125 < HBW = 225 2 2
HBW > 225 1.5 15
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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
agency or department.

A2.8.1.8 Signature of the person performing the verifica-
tion.

A2.8.1.9 Accreditation certitication number.

A2.8.2 Indirect Verification:

A2.8.2.1 Reference to this ASTM test method.

A2.8.2.2 Identification of the standardizing machine, in-
cluding the serial number, manufacturer and model number.

A2.8.2.3 Identification of all devices (test blocks. indenters,
etc.) used for the verification, including serial numbers and
identification of standards to which traceability is made.

A2.8.2.4 Test temperature at the time of verification re-
ported to a resolution of at least 1°C.

A2.8.2.5 The Brinell hardness scale(s) verified.

A2.8.2.6 The individual measurement values ang;
results used to determine whether the standardi

A3.1 Scope
A3l 1 Annex A3 speuhes I

A3.2 Accreditation

A3.2.1 The agency cds
denters shall be accredites
(or an equivalent) by an accrés
International Laboratory Accred
operating to the requirements of ISO/IEC 170
izing laboratory shall have a certificate of ac
the class and types of indenters that are
accreditation.

Nome A3.1—Accreditation is a new requirement st
edition of the standard.

A3.3 General Requirements

A3.3.1 The standard indenters are tungsten carbide balls of
four specified diameters (10 mm, 5 mm, 2.5 mm, and 1 mm) to
be used for the Brinell hardness scales as given in Table 3.

A3.3.2 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards where a system of traceability exists, except as noted
otherwise.

A3.3.3 Ball indenters frequently consist of a holder, a cap
and a ball. The ball may be changed without aftecting the
assembly’s verification provided the ball conforms to all the
requirements in this section.

meets the requirements of the verification 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
meels 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 Signature of the person performing the verifica-
tion.

A2.8.2.10 Accreditation certification number.

A2.8.3 Monitoring Verification:

A2.8.3.1 No veritication report is required; however, it is
required that records be kept of the monitoring verification
results, see A2.7.5.

ensity. and chemical composition in accordance
edule specified in Table A3.1.

354. When testing on the
> hardness result must be
‘as specified in ASTM E92.
A3 4 ? The maler al of the bal all have a density of 14.8
g/em® £ 0.2 g/em® and the following chemical composition:
Total other carbides
Cabalt (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.

2.0 % maximum
50107.0%
balance

A3.4.5 The mean surface roughness of the ball shall not
exceed 0.00005 mm (2 pin.).

Note A3.2—Balls that conform to ABMA Grade 24 satisfy the
requirements for size and finish as specified in ABMA Standard 10-1989.

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

Verification

Geometrical features, density,
chemical composition, and hardness
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TABLE A3.2 Diameter Tolerances for Indenter Balls

Ball Diameter, mm mm
10 10,005

5 10,004

25 10,003

1 +0.003

A3.4.6 For the purpose of verifying the density, size, finish
and hardness of the ball. it is considered sufficient to test a
sample selected at random from a batch. The balls verified for
hardness shall be discarded.

A3.4.7 To meet the above requirements for indenter balls,
the ball-standardizing laboratory may either verity that the

A4. STANDARDIZATI()

Ad.1 Scope

A4.1.1 Anncx A4 specifies the requirements R
for the standardization of Brinell hardness test
standardized test blocks are to be used for the ¥gtification of
the performance of Brinell hardness testing maghines by
of daily verifications and indirect verifications as desel
Anncx Al The standardized test blocks arg:algo |
the monitoring verifications of Bringll: ardy
as described in Anncx A2,

Ad.2 Accreditation

A4.2.1 The agency condugl
blocks shall be accredited t
an equivalent) by an a
International Laboratory Accred
operating to the requirements of ISGHEC 17011,
izing agency shall have a certificate/scope of
stating the Brinell hardness scales that are ci
accreditation, and the standards to which
standardizations are traceable.

Note Ad.l—Accreditation is a new requirement startil
edition of the standard.

Ad4.3 Manufacture

A4.3.1 The attention of the manufacturer of test blocks is
drawn to the need to use material and a manufacturing process.
which will give the necessary homogeneity, stability of
structure., and uniformity of surface hardness.

A4.3.2 The test blocks, if of steel, shall be demagnetized at
the end of the manufacturing process.

A4.3.3 To assure that material is not removed from the test
surface after standardization, an identifying mark shall be
made on the test surface. The mark shall be such that it cannot
be removed by any method other than removal of test block
material.

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

balls meet the requirements, or obtain a certificate of verifica-
tion from the ball manufacturer.

A3.5 Certificate

A3.5.1 At a minimum, each indenter ball shall have a test
certificate with the following information:

A3.5.1.1 Reference to this ASTM test method.

A3.5.1.2 Identification of the lot or batch.

A3.5.1.3 Date.

A3.5.1.4 Astatement 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.

INELL HARDNESS TEST BLOCKS

‘ABLE A4.1 Physical Requirements of Standardized Test Blocks
Tolerance

Test Block Parameter

=16.0 mm for 10 mm ball tests
=12.0 mm for 5 mm ball tests

=6.0 mm for smaller ball tests

=150 om? for = 5 mm ball tests

=40 om? for < 5 mm ball tests

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

=0.0002 mm per mm for < 5 mm ball
tests

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

flatness

ce parallelism

ace roughness

A44.2 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

A45.1 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 certitication.

A4.52 The standardization procedure involves making
hardness tests on the test block surface using the forces and
type of indenter that are appropriate for the hardness scale.
Make at least five hardness tests distributed unitormly over the
test surface.

A4.5.3 Calculate the mean diameters for each indentation
using Eq 5 and the average of the mean diameters & using Eq
6.

A4.5.4 Determine the range dg for the measurements as:
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(A4.1)
where:
@0 = mean diameter of the largest measured indentation.
and
d, = mean diameter of the smallest measured indentation.

5.4.1 The range dy provides an indication of the non-
uniformity of the test block hardness. For acceptability, the
range dp shall be within the tolerances of Tuble A+.2.

A4.5.5 The standardized value of the test block is detined as

the average of the standardization measurements H (Eq 3).
A4.5.6 Reference In addition to ¢: 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 pargi:of the
indirect and daily verifications.

A4.6 Marking
A4.6.1 Markings placed on the side of the, E\Byckb g

upright when the calibrated test surface is thg
A4.6.2 Each standardized block shall be

following:

A4.6.2.1 The standardized hardness val

TABLE A4.2 Maximum Nonu

Test Bl

Reference Block Hardness:
HBW

HBW = 225
HBW > 225 .

accordance with Practice E2Y, for example,
HBW, or 99.2 HBW.

125 HBW. 99

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.

A4.6.24 Unique serial number.

A4.6.2.5 Year of standardization. It is sufficient that the year
of standardization be incorporated into the serial number of the
block.

A4.7 Certificate

A4.7.1 Ata minimum, each standardized test block shall be
supplied with a certificate from the standardizing laboratory
stating the following standardization information:

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 mean diameters d|, d,. .... d, of the N indentations
(see Eq A4.1).
(2) The average of the mean diameters d (see Eq Adl).
(3) The calealated hardoess values H,. Hy

"5 The body that maintains the Brinell hardness scale
Hiéh the test block is lmueah]e

lification number.

NELL HARDNESS NUMBERS

TABLE:X1.1 Brinell Hardness Numbers

Note 1—The values given in the table for Brinell numbers are merely solutions of the equation for Brinell hardness, and include values for indentation
diameters outside the recommended ranges. These values are indicated by italics.

Diameter of Indentation, d {mm)

Brinell Hardness Number

HBW 1053000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 107100
HBW  HBW
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 5605 53125 HBW 5/25
HBW 2.5/ HBW 2.5/
ball bal bal bal  HBW 251875 HBW 250625 HBW 2575125 More 287 HBN A5 gy 5605
HBW 1/30 HBW 1/10 wew s rewue  HEY HBW 1/1

2.00 1.000 0.5000 0.200 945 473 315 158 78.8 394 31.5
2 1.005 0.5025 0.201 936 468 312 156 78.0 39.0 31.2
202 1.010 0.5050 0.202 926 463 309 154 772 38.6 309
203 1.015 0.5075 0.203 917 459 306 153 76.4 382 306
2.04 1.020 0.5100 0.204 908 454 303 151 757 37.8 30.3
2.05 1.025 0.5125 0.205 899 450 300 150 74.9 37.5 30.0
206 1.030 0.5150 0.206 890 445 297 148 74.2 37.1 29.7
2.07 1.035 0.5175 0.207 882 441 294 147 735 36.7 29.4
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
2.08 1.040 0.5200 0.208 873 437 291 146 728 36.4 29.1
2.09 1.045 0.5225 0.209 288 144 72.1 36.0 288
2.10 1.050 0.5250 0.210 285 143 714 357 285
2n 1.055 0.5275 0.211 283 141 707 353 283
212 1.060 0. 0.212 280 140 70.0 35.0 280
213 1.065 34.7 27.7
2.14 1.070 34.4 275
2.15 1.075 34.0 272
216 1.080 337 27.0
217 1.085 334 26.7
2.18 1.090 331 265
2.19 1.095 32.8 262
2.20 1.100 325 26.0
221 1.105 322 257
2.22 1110 31.9 255
2.23 1.115 31.6 253
2.24 1.120 31.3 25.1
2.25 1.125 31.0 24.8
2.26 1.130 308 246
2.27 1.135 305 24.4
2.28 1.140 302 242
2.29 1.145 29.9 24.0
2.30 1.150 29.7 237
231 1.155 29.4 235
2.32 1.160 292 233
233 1.165 289 231
234 1170 287 229
2.35 1175 284 227
2.36 1.180 282 225
2.37 1.185 27.9 223
2.38 1.190 27.7 222
2.39 1.195 275 220
2.40 1.200 272 21.8
241 1.205 27.0 216
242 1.210 268 214
243 1.215 26.5 212
244 1.220 26.3 211
245 1.225 26.1 20.9
248 1.230 25.9 207
247 1.235 25.7 205
2.48 1.240 25.5 204
2.49 1.245 25.3 202
2.50 1.250 25.1 20.0
251 1.255 24.9 19.9
252 1.260 24.7 197
253 1.265 24.5 196
254 1.270 24.3 194
255 1.275 24.1 19.3
256 1.280 23.9 19.1
257 1.285 237 19.0
258 1.290 235 18.8
2.59 1.295 233 18.7
2.60 1.300 231 18.5
261 1.305 23.0 18.4
2.62 1.310 228 18.2
2.63 1315 226 18.1
2.64 1.320 22.4 17.9
2.65 1.325 223 17.8
2.66 1.330 221 17.7
2.67 1.335 21.9 17.5
2.68 1.340 218 17.4
2.69 1.345 216 17.3
2.70 1.350 21.4 171
27N 1. 213 17.0
272 1.360 211 16.9
273 1.365 20.9 16.8
2.74 1.370 20.8 16.6
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
275 1.375 0.6875 0.275 495 248 165 826 413 20.6 16.5
276 1.380 0.6900 0.276 492 246 164 81.9 41.0 20.5 16.4
2.77 1.385 0.6925 0.277 163 81.3 40.7 20.3 16.3
2.78 1.390 0.6950 0.278 162 80.8 40.4 20.2 16.2
2.79 1.395 0.6975 160 80.2 40.1 20.0 16.0
2.80 1.400 0.7000 39.8 19.9 15.9
281 1.405 39.5 19.8 15.8
2.82 1.410 19.6 157
2.83 1415 19.5 156
2.84 1.420 19.3 155
2.85 1.425 19.2 154
2.86 1.430 19.1 15.2
2.87 1.435 18.9 15.1
2.88 1.440 18.8 15.0
2.89 1.445 18.6 14.9
2.90 1.450 18.5 148
291 1.455 18.4 147
2.92 1.460 18.3 146
2.93 1.465 18.1 145
2.94 1.470 18.0 14.4
2.95 1475 17.9 143
2.96 1.480 17.8 14.2
2.97 1.485 176 141
2.98 1.490 17.5 140
2.99 1.495 17.4 13.9
3.00 1.500 17.3 13.8
3.0 1.505 17.2 137
3.02 1.510 17.0 136
3.03 1515 16.9 135
3.04 1.520 16.8 135
3.05 1.525 16.7 134
3.06 1.530 16.6 13.3
3.07 1.535 16.5 13.2
3.08 1.540 16.4 13.1
3.00 1.545 16.3 13.0
3.10 1.550 16.2 12,9
31 1.555 16.0 128
3.12 1.560 15.9 128
3.13 1.565 15.8 127
3.14 1.570 157 126
3.15 1575 15.6 125
3.16 1.580 15.5 124
317 1.585 15.4 12.3
3.18 1.590 15.3 12.3
3.19 1.595 15.2 122
3.20 1.600 15.1 121
3.21 1.605 15.0 120
3.22 1.610 14.9 120
3.23 1615 14.8 1.9
3.24 1.620 14.8 1.8
3.25 1.625 14.7 1.7
3.26 1.630 14.6 1.7
3.27 1.635 14.5 1.6
3.28 1.640 14.4 15
3.29 1.645 14.3 1.4
3.30 1.650 14.2 1.4
3.31 1.655 14.1 13
3.32 1.660 14.0 1.2
3.33 1.665 13.9 1.2
3.34 1.670 13.9 11
3.35 1.675 13.8 1o
3.36 1.680 13.7 1o
3.37 1.685 13.6 10.9
3.38 1.690 13.5 108
3.39 1.695 13.4 108
3.40 1.700 13.4 107
341 1.705 13.3 10.6
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17

342 1.710 0.8550 0.342 317 158 106 52.8 26.4 13.2 106
343 1715 0.8575 . 315 .. 26.2 13.1 105
3.44 1.720 . . 313 .. 26.1 13.0 104
3.45 1.725 . . E 25.9 13.0 104
346 1.730 . . E 258 129 103
347 1.735 128 102
3.48 1.740 127 102
3.49 1.745 127 10.1
3.50 1.750 126 10.1
351 1.755 125 100
3.52 1.760 124 9.95
3.53 1.765 124 9.89
3.54 1.770 123 9.83
3.55 1775 122 9.77
3.56 1.780 121 9.72
3.57 1.785 121 9.66
3.58 1.790 120 9.61
3.59 1.795 1.9 955
3.60 1.800 1.9 9.50
3.61 1.805 1ns 9.44
3.62 1.810 1n7z 9.39
3.63 1.815 1n7z 9.33
3.64 1.820 1.6 9.28
3.65 1.825 1n.s 9.23
3.66 1.830 1n.s 9.18
3.67 1.835 1.4 9.12
3.68 1.840 1.3 9.07
3.69 1.845 1.3 9.02
3.70 1.850 1n.2 8.97
3.7 1.855 1n.2 8.92
3.72 1.860 11 8.87
3.73 1.865 1.0 8.82
3.74 1.870 1.0 8.77
3.75 1.875 10.9 8.72
3.76 1.880 10.8 8.68
3.77 1.885 10.8 8.63
3.78 1.890 10.7 8.58
3.79 1.895 10.7 853
3.80 1.900 10.6 8.49
3.81 1.905 10.6 8.44
3.82 1.910 10.5 8.39
3.83 1.915 10.4 8.35
3.84 1.920 10.4 8.30
3.85 1.925 10.3 8.26
3.86 1.930 10.3 8.21
3.87 1.935 10.2 8.17
3.88 1.940 10.2 8.13
3.89 1.945 101 8.08
3.90 1.950 10.0 8.04
3.91 1.955 10.0 8.00
3.92 1.960 9.94 7.95
3.93 1.965 9.89 791
3.94 1.970 9.84 7.87
3.95 1.975 9.79 7.83
3.96 1.980 9.73 7.79
3.97 1.985 9.68 7.75
3.98 1.990 9.63 771
3.99 1.995 9.58 767
4.00 2,000 9.53 763
4.0 2,005 9.48 7.59
4.02 2010 9.43 7.55
4.03 2015 9.38 7.51
4.04 2,020 9.34 747
4.05 2025 9.29 7.43
4.06 2030 9.24 7.39
4.07 2,035 9.19 7.35
4.08 2.040 9.14 7.32
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
4.09 2,045 1.0225 0.409 218 100 728 364 18.2 9.10 7.28
4.10 2,050 1.0250 0.410 217 100 724 36.2 18.1 9.05 7.24
4.1 2,055 1.0275 0.411 216 108 72.0 36.0 18.0 92.01 7.20
4.12 2,060 1.0300 0.412 215 108 71.7 35.8 17.9 8.96 717
4.13 2,085 1.0325 0.413 214 107 71.3 35.7 17.8 8.91 713
4.14 2070 K . 213 E X 8 8.87 7.10
4.15 2075 8.82 7.06
4.16 2.080 8.78 7.02
4.7 2.085 8.74 6.99
4.18 2.090 8.69 6.95
4.19 2,095 8.65 6.92
4.20 2100 8.61 6.88
4.21 2105 8.56 6.85
4.22 2110 8.52 6.82
4.23 2115 8.48 6.78
4.24 2120 8.44 6.75
4.25 2125 8.39 6.71
4.26 2130 8.35 6.68
4.27 2135 8.31 6.65
4.28 2.140 8.27 6.62
4.29 2.145 8.23 6.58
4.30 2150 8.19 6.55
4.31 2.155 8.15 6.52
4.32 2160 8.1 6.49
4.33 2.165 8.07 6.46
4.34 2170 8.03 6.42
4.35 2175 7.99 6.39
4.36 2.180 7.95 6.36
4.37 2.185 7.92 6.33
4.38 2190 7.88 6.30
4.39 2195 7.84 6.27
4.40 2.200 7.80 6.24
4.41 2.205 7.76 6.21
4.42 2210 773 6.18
4.43 2215 7.69 6.15
4.44 2.220 7.65 6.12
4.45 2225 7.62 6.09
4.46 2.230 7.58 6.06
4.47 2.235 7.55 6.04
4.48 2.240 751 6.01
4.49 2.245 7.47 5.98
4.50 2.250 7.44 595
451 2.255 7.40 592
4.52 2.260 7.37 5.90
4.53 2.265 7.34 5.87
4.54 2270 7.30 5.84
4.55 2275 727 5.81
4.56 2.280 7.23 5.79
4.57 2.285 7.20 5.76
4.58 2.200 717 573
4.59 2.295 713 5.71
4.60 2.300 7.10 5.68
4.61 2.305 7.07 5.65
4.62 2310 7.03 563
4.63 2315 7.00 5.60
4.64 2.320 6.97 5.58
4.65 2.325 6.94 5.55
4.66 2.330 6.91 553
4.67 2.335 6.88 5.50
4.68 2.340 6.84 5.48
4.69 2.345 6.81 5.45
4.70 2.350 6.78 5.43
4.7 2. 6.75 5.40
4.72 2.360 6.72 5.38
4.73 2.365 6.69 5.35
4.74 2370 6.66 5.33
4.75 2.375 6.63 5.30
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
4.76 2.380 1.1900 0.476 158 79.2 264 13.2 6.60 5.28
4.77 2.385 1.1925 158 26.3 13.1 6.57 5.26
4.78 2.390 1.1950 26.2 13.1 6.54 5.23
4.79 2.395 1.1975 26.1 13.0 6.51 5.21
4.80 2.400 25.9 13.0 6.48 5.19
4.81 2405 6.46 5.16
4.82 2410 6.43 5.14
4.83 2415 6.40 5.12
4.84 2420 6.37 5.10
4.85 2425 6.34 5.07
4.86 2430 6.31 5.05
4.87 2435 6.29 5.03
4.88 2.440 6.26 5.01
4.89 2.445 6.23 4.98
4.90 2.450 6.20 4.96
4.91 2.455 6.18 4.94
4.92 2480 6.15 4.92
4.93 2465 6.12 4.90
4.94 2470 6.10 4.88
4.95 2475 6.07 4.86
4.96 2.480 6.04 4.83
4.97 2.485 6.02 4.81
4.98 2.490 5.99 4.79
4.99 2.495 5.97 477
5.00 2.500 5.94 4.75
501 2.505 5.91 4.73
5.02 2510 5.89 4.71
5.03 2515 5.86 4.69
5.04 2.520 5.84 467
5.05 2525 5.81 4.65
5.06 2.530 5.79 463
5.07 2.535 5.76 4.61
5.08 2.540 5.74 459
5.00 2.545 5.72 457
5.10 2.550 5.69 4.55
51 2.555 5.67 453
5.12 2.560 5.64 4.51
5.13 2.565 5.62 4.50
5.14 2570 5.60 4.48
5.15 2575 5.57 4.46
5.16 2.580 5.55 4.44
5.17 2.585 5.53 4.42
5.18 2.500 5.50 4.40
5.19 2.505 5.48 4.38
5.20 2600 5.46 4.37
5.21 2605 5.43 4.35
5.22 2610 5.41 4.33
5.23 2615 5.39 4.31
5.24 2620 5.37 4.29
5.25 2625 5.34 4.28
5.26 2630 5.32 4.26
5.27 2635 5.30 4.24
5.28 2640 5.28 4.22
5.20 2645 5.26 4.21
5.30 2650 5.24 4.19
5.31 2655 5.21 417
5.32 2660 5.19 4.15
5.33 2665 5.17 4.14
5.34 2670 5.15 4.12
5.35 2675 5.13 4.10
5.36 2680 51 4.09
5.37 2685 5.00 4.07
5.38 2690 5.07 4.05
5.39 2695 5.05 4.04
5.40 2700 5.03 4.02
541 2705 5.01 4.00
5.42 2710 4.99 3.99
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
5.43 2715 1.3575 0.543 19 59.6 39.7 19.9 9.93 4.97 3.97
5.44 2720 1.3600 0.544 19 59.3 39.6 19.8 9.89 4.95 3.96
5.45 2725 1.3625 0.545 18 59.1 394 19.7 9.85 4.93 3.94
5.46 2730 1.3650 0.546 18 58.9 39.2 19.6 9.81 4.91 392
5.47 2735 1.3675 0.547 nz 58.6 39.1 19.5 9.77 4.89 391
5.48 2740 4.87 3.89
5.49 2745 4.85 3.88
5.50 2750 4.83 3.86
551 2755 4.81 3.85
5.52 2760 4.79 3.83
5.53 2765 4.77 3.82
5.54 2770 4.75 3.80
5.55 2775 4.73 3.79
5.56 2780 4.7 377
5.57 2785 4.70 3.76
5.58 2790 4.68 3.74
5.59 2795 4.66 373
5.60 2.800 4.64 371
5.61 2.805 4.62 3.70
5.62 2810 4.60 3.68
5.63 2815 4.59 367
5.64 2.820 4.57 3.65
5.65 2.825 4.55 364
5.66 2.830 4.53 363
5.67 2.835 4.51 361
5.68 2.840 4.50 3.60
5.69 2.845 4.48 358
5.70 2.850 4.46 357
571 2. 4.44 3.56
5.72 2.860 4.43 354
5.73 2.865 4.41 353
5.74 2.870 4.39 351
5.75 2.875 4.38 3.50
5.76 2.880 4.36 349
5.77 2.885 4.34 347
5.78 2.890 4.33 3.46
5.79 2.895 4.31 345
5.80 2.900 4.29 343
5.81 2.905 4.28 342
5.82 2910 4.26 341
5.83 2915 4.24 3.39
5.84 2.920 4.23 3.38
5.85 2.925 4.21 3.37
5.86 2.930 4.20 3.36
5.87 2.935 4.18 3.34
5.88 2.940 4.16 333
5.89 2.945 4.15 332
5.90 2.950 4.13 331
5.91 2.955 4.12 3.29
5.92 2.960 4.10 3.28
5.93 2.965 4.09 3.27
5.94 2970 4.07 3.26
5.95 2975 4.05 324
5.96 2.980 4.04 323
5.97 2.985 4.02 322
5.98 2.990 4.01 321
5.99 2.995 3.99 3.20
6.00 3.000 3.98 3.18
6.01 3.005 3.96 317
6.02 3.010 3.95 3.16
6.03 3.015 3.93 315
6.04 3.020 3.92 314
6.05 3.025 391 312
6.06 3.030 389 a1
6.07 3.035 388 310
6.08 3.040 3.86 3.09
6.09 3.045 3.85 3.08
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TABLE X1.1  Continued

Diarneter of Indentation, d (mm} Brinell Hardness Number

HBW 1013000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 47100
10mm 5mm 2.5 mm 1mm HBW 5/750 HBW 5/250 HBW 5/125 HB! HBW HBW 5/25
5/62.5 5/31.25
HBW 2.5  HBW 2.5/
ball bal bal bal  HBW 251875 HBW 256625 HBW 2575125 MEN 25 HBN 2S5 ygy 5 5605
HBW 1/30 HBW 1/10 HBW 15 HBW 12 PN HBW 17
6.10 3.050 1.5250 0610 92.0 46.0 15.3 7.67 383 3.07
6.1 3.055 1.5275 0611 91.7 45.8 15.3 7.64 382 3.06
6.12 3.060 1.5300 91.3 15.2 7.61 3.80 3.04
6.13 3.065 1.5325 15.2 7.58 379 3.03
6.14 3.070 15.1 378 3.02
6.15 3.075 376 3.0t
6.16 3.080 375 3.00
6.17 3.085 374 299
6.18 3.000 372 2.98
6.19 3.005 37t 297
6.20 3100 3.69 2.96
6.21 3.105 3.68 2.94
6.22 3110 367 293
6.23 3115 365 292
6.24 3.120 364 291
6.25 3.125 363 2.90
6.26 3.130 361 2.89
6.27 3.135 3.60 2.88
6.28 3.140 3.59 2.87
6.29 3.145 357 2.86
6.30 3.150 3.56 2.85
6.31 3.155 355 2.84
6.32 3160 354 283
6.33 3.165 352 282
6.34 3170 351 2.81
6.35 3175 3.50 2.80
6.36 3.180 349 279
6.37 3.185 347 278
6.38 3.190 3.46 277
6.39 3.195 345 276
6.40 3.200 3.44 275
6.41 3.205 342 274
6.42 3.210 341 273
6.43 3.215 3.40 272
6.44 3.220 339 271
6.45 3.225 337 270
6.46 3.230 3.36 2.69
6.47 3.235 335 2.68
6.48 3.240 334 2.67
6.49 3.245 333 2.66
6.50 3.250 331 2.65
6.51 3.255 3.30 2.64
6.52 3.260 329 263
6.53 3.265 328 262
6.54 3.270 327 2.61
6.55 3.275 326 2.61
6.56 3.280 324 2.60
6.57 3.285 323 259
6.58 3.200 322 2.58
6.59 3.205 321 257
6.60 3.300 320 2.56
6.61 3.305 319 2.55
6.62 3.310 3.18 254
6.63 3.315 317 253
6.64 3.320 315 252
6.65 3.325 314 2.51
6.66 3.330 313 2.51
6.67 3.335 312 2.50
6.68 3.340 a1 249
6.69 3.345 310 2.48
6.70 3.350 3.09 247
6.71 3. 3.08 2.46
6.72 3.360 3.07 245
6.73 3.365 3.06 245
6.74 3.370 3.05 2.44
6.75 3.375 3.04 243
6.76 3. 3.02 2.42
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TABLE X1.1  Continued
Diameter of Indentation, d (mm) Brinell Hardness Number
HBW 1053000 HBW 10/1500  HBW 10/1000  HBW 105500 Mot 107 HBW 107 iy 107100
HBW HBW
10mm  5mm 25mm 1mm HBW 5/750 HBW 5/250 HBWS/125 ol gsies  HBWSRS
HBW 2.5/ HBW 2.5
ball ball ball bal  HBW25/187.5 HBW 25625  HBW 2573125 0o U0 HBW 2.5/6.25
HBW 1/30 HBW 1/10 HBW 15 HBW 112 ”?‘Q’S HBW 1/1
677 3385 16925 0677 723 362 241 12.1 6.03 201 241
678 3300 16950 0678 72.1 36.0 240 120 6.0 200 240
679 3305 16975 0679 71.8 359 239 120 599 2.99 239
6.80 3400 17000 0660 716 358 239 1.9 597 2.98 239
6.81 3405 17025 0681 71.3 357 238 7.9 594 2.97 2.38
682 3410 237
6.83 3415 2.36
6.84 3420 2.35
6.85 3425 2.35
6.86 3430 2.34
6.87 3435 233
6.88 3440 232
6.80 3445 231
6.90 3450 231
6.1 3455 230
6.92 3460 229
6.93 3465 228
6.04 3470 227
6.95 3475 227
6.96 3.480 2.26
6.97 3485 225
6.98 3400 224
6.99 3495 223
X2.
X2.1 Scope ot reported on the veritication certificate and report,

de a basic

ments are made on a reference test block. The &
measurement values is compared to the certified va of the
reference block to determine the “error™ (see 3.2.4) of the
hardness machine. The procedure described in section X2.6
provides a method for determining the uncertainty in this
measurement “error” of the hardness machine. The uncertainty
value may be reported on the verification certificate and report.

X2.1.2.2 The Hardness Machine “Error” Determined from
Measurements Made as Part of a Direct Verification (see
X2.7)—As part of a direct verification, errors 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

hardness

l‘ue and ils uncerlainly are. needed to calculate measure-

2
of the hardness

Rt “error”

25" Bririel

X2.8)—The procedure providés & méthod for determining the
uncertainty in the hardness values measured by a user during
the normal use of a Brinell hardness machine. The user may
report the uncertainty value with the measurement value.

X2.1.24 Certified Value of a Brinell Hardness Test Block
{see X2.9)—The procedure provides a method for determining
the uncertainty in the certified value of standardized test
blocks. The standardizing agency may report the uncertainty
value on the test block certificate.

Note X2.1—When calculated, uncertainty values reported by a field
calibration agency (see X2.5.7 and X2.7) are not the measurement
uncertainties of the hardness machine in operation, but only that of the
measurements made at the time of verification to determine machine
“error.”

Note X2.2—The procedures outlined in this appendix for the determi-
nation of uncertainties are based primarily on measurements made as part
of the of this test method. This
is done to provide a method that is based on familiar procedures and
practices of Brinell hardness users and standardizing agencies. The reader
should be aware that there are other methods that may be employed to
determine the same uncertainties.

rification ang

Note X2.3—This standard states tolerances or limits on the acceptable
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repeatability and error of a Brinell hardness machine and the nonunifor-  where:
mity of standardized blocks. These limit values were originally established _ Brinell hardness value prior o the incremental chanee
based on the testing experience of many users of the Brinell hardness test, . P chang
and therefore reflect the normal performance of a properly functioning in hardness AH.

Brinell hardness machine, including the normal errors associated with the. d = mean diameter of the indentation in mm prior to the
measurement procedure and the machine’s performance. Because the incremental change in diameter Ad. and

limits are based on testing experience, it is believed that the stated limit = diameter of the indenter ball in mm.

values take into account a level of uncertainty that is typical for valid

Brinell hardness C when compli- X2.2.5 An incremental change in indentation diameter Ad
ance with the stated tolerances, the user’s measurement uncertainty should  resulting from an incremental change in hardness AH may be
not be subtracted from the tolerance limit values given in the tables, asis  waleulated as:

commonly done for other types of metrological measurements. The

calculated values for repeatability, error or block nonuniformity should be dx \/D: &

directly compared to the tolerance limits given in the tables. Ad=—AHX ( ) (X2.4)
Note X2.4—Most product specification tolerances for Brinell hardness \H X (D+\/D: - dz) /

were established based on testing and performance experience. The h

tolerance values reflect the normal performance of a properly functioning ¥ Nef¢

Brinell hardness machine, including the normal acceptable errors associ- ~ H = Brinell hardness value prior to the incremental change

ated with the hardness measurement process. For these products, the stated in hardness AH.

tolerance limits take into account a lovel of uncertainty that is tpical for 7 = mean diameter of the indentation in mm prior to the

valid Brinell hardness measurcments. Consequently, when
testing most products for Brincll hardaess, the user’s 1

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:

(H
AH:AFX(F) (X2.5)

into consideration the anticipated influence of materi
factors on the product variation as well as typical i
uncertainty values. . : ardness value prior to the incremental change
ness AH. and

fied force prior to the incremental change in applied

AF (F and AF having the same units).

Combining equations [E¢ X2.3] and [Eq X2.5], an
remental change in indentation diameter Ad resulting from
an incremenfidie i ¢e AF may be calculated

X2.1.3 This appendix does n
primary reference standardizin,
X2.2 Equations

X2.2.1 The average (&
measurements H,, H,,

as:
AVG(H |, H,, ..., H,
(H,, H, ) (X2.6)
X2.2.2 The standard deviation (STDEV
hardness measurements H,. H,. where:

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

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.

. . N Nore X2.5—Equations [Eq X2.3], [Eq X2.4], and [Eq X2.6] should

H = average of the set of n hardness measurements Hy. H,,  only be used for small values of AH and Ad. These equations are suitable

.. H, as defined in [Eq X2.1]. for use with the typical values of AH and Ad used by the procedures in this

. . appendix; however, the equations produce significant errors as the values
X223 The absolute value (ABS} of a number is the orf’pAeH and Ad become ]ﬂ?ge_ s &

magnitude of the value irrespective of the sign. for example:
ABS(0.12) = 0.12 X2.3 General Requirements

and X2.3.1 The main approach for determining uncertainty

ABS§-0.12) = 0.12 presented in this appendix considers only those uncertainties

X2.24 An incremental change in hardness AH resulting  associated with the overall measurement performance of the
from an incremental change in indentation diameter Ad may be  Brinell hardness machine with respect to reference standards.

where:

calculated as: Because of this approach, it is important that the individual
R machine components are operating within tolerances. It is
AH=—AdX ( HX (D+\/Dz - "') ) (X2.3) strongly recommended that this procedure be applied only after

L axVpri-a successtully passing a direct verification.

24
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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 u
in terms of indentation diameter, may also be c
uncertainties in terms of Brinell hardness numbegs

X2.4.2 This procedure calculates a combi
certainty #, by combining the contributing;
uncertainty #,, #,. .... #,, such that: E:

w,= \/uf+u§+...+uf,

factor k, such that:

X244 A coverage fac
well the standard uncey
measurements), and the 1%
this analysis. a coverage fa

95 %.

hardness of a material. Ideally, measurement biases: shtild be

corrected. When test systems are not corrected forfieasure-
ment bias, as often occurs in Brinell hardness testing, the bias
then contributes to the overall uncertainty in a measurement.
There are a number of possible methods for incorporating
biases into an uncertainty calculation, each of which has both
advantages and disadvantages. A simple and conservative
method is to combine the bias with the calculation of the
expanded uncertainty as:

U= ku +ABS(B) (X2.9)
where:

ABS(B) = absolute value of the bias.

X2.4.6 Because several approaches may be used to evaluate
and express measurement uncertainty, a brief description of
what the reported uncertainty values represent should be
included with the reported uncertainty value.

25

5 Sources of Uncertainty

X2.5.1 This section describes the most significant sources
of uncertainty in a Brinell hardness measurement and provides
procedures and formulas for calculating the total uncertainty in
the hardness value. In later sections, it will be shown how these
sources of uncertainty contribute to the total measurement
uncertainty for the three measurement circumstances described
in X2.1

X2.5.2 The sources of uncertainty to be discussed are (1) the
lack 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.

X2.5.3 Uncertainty Due to Lack of Repeatability (ug,pe..)
and When Combined With Non-Uniformity (ig.,eny)—The
lack of repeatability is an indication of how well the Brinell
hardness machine and indentation measuring system can con-
i roduce the same hardness value each time a measure-
e. Imagine there is a material. which is perfectly
ness over its entire surface. Also imagine that
asirements are made repeatedly on this uniform
short period of time without varying the testing
ncluding the operator). Even though the actual

to the dverall meAstirement icer @inty is determined difter-
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 material tested, the uncertainty contributions due to the
machine’s lack of repeatability and the non-uniformity in the
hardness of the test material are difficult to separate and must
be determined together. The uncertainty contributions for each
of these circumstances may be estimated as follows.
X2.5.3.2 Single Hardness Measurement—For a future
single hardness measurement, the standard uncertainty contri-
bution «,,,,. due to the lack of repeatability, may be estimated
by the standard deviation of the values from a number of
hardness measurements made on a uniform test sample as:

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

" pepect
where:
d, d, ..

d, = measured average indentation diameters in

mm of the n indentations.

Nore X2.6—In general, the estimate of repeatability is improved as the
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number of hardness measurements is increased. Usually, the hardness dard deviation of the hardness values, divided by the square-

measurements made during an indirect verification (as indentation diam- oot of the number of measurements as:
sters) will provide an adequate estimate of t,,; however, the caution
given in Note X2.8 should be considered. It may be more appropriate for _ STDEV(d,,. . )
the user to determine a value of «y,,,,, by making hardness measurements Hapamy = Va (X2.12)
close together (within spacing linnitations) on a unifori material, such as 4
a test block. where:
Nors X2.7—The uncertainty &, due to the lack of repeatability of _ )
@ haadness machine as discussed above, should not be confused with the dry, dp, ..., dp, = the np average diameter measurement

defined “ ility” that is a o be met as part values.
of an indirect verification (see 3.2.2). The calculations of the uncertainty 5.4 Uncertainty Due to Lack of Reproducibility
Hrype 206l of the historically defined repeatability do not produce the same AT e
valte. The He s the to the overall {Hpeproq)—Lack of reproducibility is the day-to-day variation in
Repect 4 . .
of a hardness measurement value due to a machine’s lack of repeatability,  (he performance of the hardness measurement system. Varia-
while the historically defined repeatability is the range of hardness values tions such as different machine operators and changes in the
measured during an indirect verification. test environment often influence the performance of the hard-
_?m_ XZ-PAIL mmena: ethl']m some :eg:; of h?rdlgess nen- ness machine. The level of reproducibility is best determined
uniformity across the test surface. Therefore, the above evaluation of the by monitoring the performance of the hardness machine over
uncertainty contribution due to the lack of repeatability will also include od rariod of time durine which the haed hi
a contribution due to the hardness non-uniformity of the figasured A0 €xtended period of time during which the hardness machine
material. When evaluating repeatability as discussed abov is subjected to the extremes of variations in the testing
tainty contribution due to the hardness non-uniformity sl s variables. It is very important that the test machine be in
mized as much “fs l’°55‘b1;lTh5 1“':30”;3'3’ should be;“““”"* i 1;’*’ control during the assessment of reproducibility. If the machine
measuretents of repeatability are based on tests made is in need of maintenance or is operated incorrectly. the lack of
of the material, then the repeatability value will likely il " N
uncertainty contribution due to the material’s non-uni reproducibility will be overestimated.
repeatability is better evaluated by making h1rd.||ess 4.1 An assessment of a hardness machine’s lack of
repeeiigibility should be based on periodic monitoring mea-

together (within spacing limitations).

X2.5.3.3 Average of Multiple Measurem
average of mu]lip]e hardness measuremenls

l o = STDEV( g2 oy <vor ) (X2.13)
ously calculated from a numty
uniform test sample, see X2,
number of hardness test val oy Gy, = the n sets of the average of each day’s

le monitoring measurement

bution due to the lack of
also includes a contribution

where: fine’s lnck o repstdbility and the non-unifonmity of the
HRepear calculation by [Eq X2.10], and :contributions are based on the
ny number of individual test values Belig.averipetl average-of Tultiple tgdsurements astshould not significantly overesti-

mate the reproducibility uncertainty.”"

5.4.2 Uncertainty Due to the Resolution of the Indenta-
tion Measurement System {(ug,,)—The finite resolution of the
indentation diameter measurement system prevents the deter-
mination of an absolutely accurate hardness value. This uncer-

5.34 Estimate of the Material Ha

values averaged to estimate the average hard
material as a whole. For example. this may be

making quality control during the fact tainty may be significant when some types of hand-held
of many types of products; when determining the machine  measuring scopes are used
“error” as part of an indirect verification: and when calibrating X2.5.4.3 The uncertainty contribution ug,, due to the

a test block. Because all materials exhibit some degree of  influence of the resolution of the indentation measurement
hardness non-uniformity across the test surface. the extent of a system, may be described by a rectangular distribution and
material’s non-uniformity also contributes to the uncertainty in  sgtimated as:

this estimate of the average hardness of the material. When the

average of multiple hardness measurement values is calculated u Hr 1
as an estimate of the average material or product hardness, it A3 Vi
may be desired to state the uncertainty in this value with
respect to the true hardness of the material. In this case, the
combined uncertainty contributions due to Ihe lack of repeat-

(X2.14)

where:
r = resolution limit that a indentation diameter can be

ability in the hardness machine and i from the system in
system and due to the non-uniformity in the test material may mm.

be estimated from the “standard deviation of the mean™ of the X2.5.5 Standard Uncertainty in the Certified Value of the
hardness measurement values. This is calculated as the stan- Reference Test Block {Ugemu)—The certificate accompanying

26
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reference test blocks should provide an uncertainty in the stated 4 = certified average indentation diameter of the refer-

certified value. This uncertainty contributes to the measure- o ence test block standard used for the indirect

ment uncertainty of hardness machines calibrated or verified veritication.

with the blocks. Note X2.10—The measurement bias B,,,,, is in length units (mm).
X2.5.5.1 Note that the uncertainty reported on reference test X2.5.6.3 The measurement bias B, in terms of Brinell

block certificates is typically stated as an expanded uncer- hardness numbers. may be calculated as:

tainty. As indicated by [Eq X2.9], the expanded uncertainty is

calculated by multiplying the standard uncertainty by a cov- Baswy = H — Hoys (X2.18)
erage factor (often 2). This analysis uses the standard uncer-

. A where:
tainty and not the expanded uncertainty value. Thus, the _ _ hard I d by the hard
uncertainty in the certificd average indentation diameter value = Mean hacciness vaue 2 measuted by (he Hardness
. , g
of the reference test block usually may be calculated as: = machine during the indirect verification. an
Fom = cettified average hardness value of the reference test
Uegoismny (X2.15) block standard used for the indirect verification.
u = _fgziinn . .
BB R o) The measurement bias B, may also be calculated
where: X from B, using [Ey X2.3], where B, is substituted
Usugstimmy = 1epoTted expanded uncertainty of (h fagified for Ad. The calculated .Value of AH then becomes the

. N new value of B, as
value of the reference test block jf (a2

indentation diameter (mm), and
= coverage factor used to calculd

tainty in the certified value

standard (usually 2). E

Bz = Biom

Kresisgmm) (X2.19)

\ axVD—
Nore X2.11—The teasureanent bias B gy is in Brinell bardness units
(HBW)

X2.5.5.2 For this analysis. the uncerlain:

Direct Verification—In the case that the hardness

hardness machine is estimated by combining
errors of Ihe componenls m the maLhme

# Brinell hardness machine, typically the most
calculated \a]ue of Ad then beg i gt sources of error are in the force application system
in mm, as: g |he indenlalion measurin\7 system E,,,,,,,,m,,,, Olher

roree AN E e will e
X2.5:6.5 These Contributingi#otides of error are caleulated
in terms of their units of measurement, for example. £,
including the applied forces and the indents and £,,,, are determined in units of length (mm) and force (kgf
system. The measurement bias is the differencé or N), respectively. Procedures for calculating ..., and
“true™ hardness of a material and the hardness messiirement E,,,.. are not presented here. To calculate the measurement bias
values as measured by the hardness machine. B, these errors must be determined in terms of indentation

X2.5.6.1 Indirect Verification—In the case that the hardness ~ diameter. The error in the indentation measuring system
machine is verified by indirect verification, the measurement  Emawien 15 already in the correct units; however. the error
error of the hardness machine is estimated by performing  Erocrgorm MUsL be converted to an ercor in indentation
Brinell hardness measurements on reference standards. The ~ diameter using [Eq X2.0]. whete £, », IS substituted for
measurement bias B may be estimated by the “error” deter- AF. The calculated value of Ad then becomes a new value of

mined as part of the indirect verification, either in terms of  Eruvemy 1N 0UN aS2
indentation diameter or in terms of Brinell hardness numbers. E Ix\D - d
X2.5.6.2 The measurement bias B,,, in terms of indenta- E porectrm = _ ZForeltarr 1) ( LZVE T (x2.20)
tion diameter, may be calculated as: \ DV - &)
By =8~ dymy (X2.17) X2..5..6.6 Th.e l.ne.asuremenl bias B. may be esli}naleq by
combining the individual errors determined as part of the direct
where: verification while maintaining the correct sign (positive or
a = average indentation diameter as measured during the negative) for each of the individual errors:
indirect veritication. and B, =F +E st (X2.21)

ndentation
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5.7 To determine the measurement “error™ or bias in units UM,C,,,,EM, then the uncertainty, as calculated in [Eq
terms of Brinell hardness units B, the bias, as calculated in X2.23] in terms of indentation diameter, must be converted
[E¢| X2.21] in terms of indentation diameter, must be converted using [Eq X2.3]. where U, ... is substituted for Ad. The

——-
using [Eq X2.19]. calculated value of AH then becomes the new value of
U a1 Brinell hardness units, as:
X2.6 Procedure for Calculating Uncertainty: Measure-
ment Error Determined by Indirect Verification HX (D+\/D1 - dz)
o o o ez = Ussaoniom % o (X2.24)
X2.6.1 As part of an indirect veritication, the “error™ of the \ axVDi-a
hardness machine is determined from the average value of Note X2.13—The first minus sign in [Eq X2.3] bas been deleted when

using [Eq X2.24] since uncertainty values are always positive.

Note X2.14—The cxpanded 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
ASTREEI0 with a coverage factor of 2 representing a
vel of approximately 95 %.

measurements made on a reference test block (see 3.2.4). 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 est
uncertainty U,,,, in the measurement “error™ of thg:
machine determined as the difference between (
the measurement values and the certified value
block used for the verification.

X2.6.2 All uncertainty calculations are i
indentation diameter values in mm. The cog
standard uncertainty of the measurement “ert@r” #yuomimm»
(Jitgapanu(Ref. Block), the uncertainty dugto th
repeatability of the hardness machine combing
uncertainty due to the non-uniformity. '
block [Eq X2.12], which is detgs
measurements made on a referesl
error” of the hardness machil
to the resolution of the indgf
X214, and (3o the 18

fitions to the
are,

fandard uncertainty value ,,,,,, can be used
dian utigéEality contribution when determining the measure-
inent wiEcerAinty of future measurements made with the
tachine (see X2.8 and X2.9).

‘Example—As part of an indirect verification of a
“hardness machine, a verification agency may need to
HEpOrt an estimate of the uncertainty of the hardness machine
“error.” For, Ih xample, an evaliiation will only be made for

ks

used for the indirect veritication.

X2.6.3 The combined standard uncertainty;
expanded uncertainty U, are calculated
appropriate uncertainty components describec
hardness level of each Brinell scale in terms of

diameter in mm:
[r— Ve (Ref: BIOCK) W g (X2.22) Diameter length (average) of mdemaﬂons 425, 4.25 and 4.30 mm
Average indentation diameter: 4.26;
and Indentation diameter error (bias) Valuet 0027
Calculated average hardness value: 199.8 HBW 10/3000
= Kbyt (X2.23) Hardness error (bias) value: 2.3 HBW 10/3000
Therefore:

diameter value of 4.24 mm vulh an expanded uncertainty of
U pmaom = £0.04 mm. The hardness block certificate also stated
acertitied average Brinell hardness value of 202 HBW 1073000
with an expanded uncertainty of Uy, =+4 HBW 10/3000.
The results of the three verification measurements are:

U,

stachimm)

X2.6.4 For this analysis, a coverage factor of k = 2 should STDEV(4.25, 4.25, 4.30)

j ! : ° L e [Eq X2.12], or
be used. This coverage factor provides a confidence level of PO
a imately 95 % A ’
pproximately 95 %. - -
Nore X2.12The uncertainty contribution i¢,,,,,.,» @ calculated in Unmo™ o = 0014 M [Eq X2.14], and

[Eq X2.22], does o includs a contribution due 1o the machine’s lack of 0.04
reproducibility. This is because it is assumed that the indirect verification
is made while the hardness machine is operating at its optimal perfor-

=o.02mm [Eq X2.15]

mance level with the best possible environmental conditions. Ut = Y/0.01672+ 0.0144° + 0.02°=0.0208 1 mm [Eq X2.22], and
. . N Uppoonmm = (2 % 0.0298) =0.0596 mm [Eq X2.
X2.6.5 To determine the uncertainty in the measurement Therefore, the uncenamty in the 0.027 mm errof' in the hardness ma-
“error”™ of the hardness machine in terms of Brinell hardness chine is 0.060 m
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In terms of Brinell hardness units:
199.8 (10+1/10P—4.267%)
4.267%1/102—4.2672

Ungecnm = 5.9 HBW 10/3000

Unpgaoam =0.0596% [Eq X2.24], or

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 1o the entire mid range of the HBW
10/3000 scale. This calculation must be made for the low and high ranges
of the HBW 10/3000 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 ingividual

machine and indentation measurement system,
and the uncertainty of the error must be detes
these error values and uncertainties are not de

the errors E, ., and E,
uncertainty w,,,. is usually
N). rather than in terms;
uncertainty in the error

in the error of the fOrCe e iiinr
uncertainty in terms of indentation diameter g,
Eh

indentation diameter as:

u
oo = Foretiggor 11

X2.74 The combined standard uncertainty «,,, and the
expanded uncertainty U, are calculated by combining the
appropriate uncertainty components described above for each
hardness level of each Brinell scale and u,,,, the uncertainty
due to the resolution of the indentation measurement system
[Eq X2.14], as:

o= V'

et

(X2.26)

Tntoion Y oreeram)
and
U,

achimn)
X2.7.5 To determine the uncertainty in the measurement
“error” of the hardness machine in terms of Brinell hardness
units Uw»mm' then the uncertainty, as calculated in [Eq
X2.27] in terms of indentation diameter, must be converted in

(X2.27)

= Kt o)

accordance with X2.0.5.

X2.7.6 Although the standard uncertainty value w,,,, deter-
mined in this way, is not usually reported by a verification
agency to its customer, it can be used as an uncertainty
contribution when determining the measurement uncertainty of
future measurements made with the hardness machine (see
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
measurements are:

Force error (bias) value, Eryeyigrer i — 15 Kaf

Ungariiny in the f0oe error, Uyeygr o 1725 kef

: 10ASUIING SYSIOM @ITOF, E pprigongrrm 0 MM

16 MeASUING SYSeM IO, Ujndepgasonieny*0-CO2 MM (Stage
iertainty)

and
4.265%\/TF—4.065

2
Tory/TF—rzee ) L[4 X2:20L or

B + E ooy =0+0.0101=0.0101 mm [Eq X2.21]
To calculate the, uncer\amty in the machin “rror” or bias:

Uy =/ ODOET O0OTFFO0TET=0.01404 mm [Eq X2.26], and
Uy = (2 0.01464) =0.0203 mm [Eq X2.
Therefore, the uncertainty in the 0.0101 mm 'ermf' in the hardness ma-
chine at 200 HBW 10/3000 is 0.0293 mm.
In terms of Brinell hardness imus:\/ )
200 (10+1/102—4.265¢

BWW:’(O'O'O‘)X( 4,265 \/ TP~ #2652
Byyom=—0.097 HBW 10/3000, and

_ (200x(10+\/10= 4.265%)
Yssoiom=0-0299 | = TP —2.065
Usparson =289 HBW 1073000
Therefore, the uncertainty in the —0.997 HBW 10/3000 “error” in the hard-
ness machine is 2.8 HBW 10/3000. Although this evaluation was made
for material having a hardness of 200 HBW 10/3000, the uncertainty may
be considered to apply 1o the entire mid range of the HBW 10/3000 scale.
This calculation must be made for the low and high ranges of the HBW

/3000 scale, as well as for the ranges of the other Brinell scales that

are verified.

) [Eq X2.19], or

) [Eq X2.24], or

X2.8 Procedure for Calculating Uncertainty:

Brinell Hardness Measurement Values
X2.8.1 The uncertainty U, in a measurement value mea-
sured by a user may be thought of as an indication of how well
the measured value agrees with the “true™ value for the
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material under test. For this procedure, all uncertainty calcu- which is determined from the hardness measurements made on
lations are initially based on indentation diameter values in mm the test material. (2)itg,p,,q the uncertainty contribution due to
units. The combined standard uncertainty u,.,, and the the lack of reproducibility [Eq X2.13]. (3)ug,s,, the uncer-
expanded uncertainty Uy, are both in terms of indentation tainty due to the resolution of the indentation measurement

diameter. The uncertainty Uy, can then be converted to an system [Eq X2.14], and (4)tyz, ., the uncertainty in deter-
expanded uncertainty U, .z, in terms of Brinell hardness mining the “error™ of the hardness machine [Eq X2.22 or Eq
numbers. X2.26]. The notation (Material) is added to the term ug, o, (0

X2.8.2 Single M Value—When un- signify that the uncertainty is determined from measurements

made on the material under test. The combined standard
UNCErtainty # g, is calculated by combining the appropriate
uncertainty components described above for the applicable
hardness level and Brinell scale as:

certainty for a single hardness measurement value is to be
determined. the contributions to the standard uncertainty
Hageastmm) A€ (1 Jipepeq, the uncertainty due to the machine’s lack
of repeatability [Eq X2.10]. (2)utpp. the uncertainty contri-
bution due to the lack of reproducibility [Eq X2.13], (3)ug,,.»
the uncertainty due to the resolution of the indentation mea-
surement system [Eq X2.14], and {4)#yr,., the uncertainty in
determining the “error™ of the hardness machine [Eq

oty =V EocparAMOIEHA) 16 o W W
(X2.30)
X2.8.6 When reporting uncertainty as an indication of how
Eq X2.26]. The combined standard uncertainty «y, well the average measurement value represents the true aver-
lated by combining the appropriate uncertainty age hardness of the material, it is important to assure that a
described above for the applicable hardness levelndiBsglEs.  sufficient number of measurements are made at the appropriate

scale as: test locations to provide an appropriate sampling of any
variations in the hardness of the material.
=Vl il ot . . N
et ™V R e rra ™ i X287 The expanded uncertainty Uy, is calculated for
X2.8.3 Average Measurement Value—In thgigase that mea- the:slifeeleases discussed above as:

surement uncertainty is to be determined for v —x ABS(B X231
of mulliple hardness measuremenls made eit}ier on the:H g Lv——— ( vm\) (X2.31)

seastmmy

fermine the uncertainty of a Brinell hardness
standard umerlaml} u,,,mm‘ are (1):: 1 1 faly 4 i in terms of Brinell hardness units U,y then
inty, as calculated in [Eq X2.31]. in terms of
diameter, must be converted using [Eq X2.3],
rensirmy 15 SUDSLitUted for Ad. The calculated value of AH
gcomes the new value of U, .z, in Brinell hardness

mu]liple measurements [Eq| X2,
contribution due to the lack:GE:

tion measurement system,
tainty in determining the’
X2.22 or Eq X2.26]. The cortibi
caleulated by combining the agg
nents described above for the a
Brinell scale as:

using [Eq }.32] Siige uncertainty ¥iiés are alw1ys positive.

X2.8.9 For this ané]ysis. a i‘(?\em’g'e factor of k& = 2 should
be used. This coverage factor provides a confidence level of
approximately 95 %.

Hstonstron)

X2.84 The measurement uncertainty discu

the single and average measurement values only repiggents the X2.8.10 Reporting Measurement Uncertainty:
uncertainties of the measurement process and are indépendent X2.8.10.1 Single and Average Measurement Values—When
of any test material non-uniformity. the reported measurement value is for a single hardness test or

the average of multiple hardness tests, then the value of U,,,,
should be supplemented with an explanatory statement such as:
“The expanded measurement uncertainty of the reported hard-
ness value (or average hardness value) was calculated in
accordance with Appendix X1 of ASTM EI0 with a coverage

X2.8.5 Average Measurement Value as an Estimate of the
Average Material Hardness—Measurement laboratories and
manufacturing facilities often measure the Brinell hardness of
a test sample or product for the purpose of estimating the
average hardness of the test material. Usually, multiple hard-

ness measurements are made across the surface of the test mc{:“__m 2 rep ad ce level of app Y
piece. and then the average of the hardness values is reported 0 %

as an estimation of the average hardness of the material. If it is X2.8.10.2 Average Measurement Value as an Estimate of
desired to report the uncertainty as an indication of how well the Average Material Hardness—When it is desired to report

the average measurement value represents the true average  the uncertainty as an indication of how well the average
hardness of the material. then the contributions to the standard measurement value represents the true average hardness of the
UNCETAINY 4y A€ (]l parefMaterial), the uncertainty — material, then the value of Uy, should be supplemented with
due to the machine’s lack of repeatability combined with the an explanatory statement such as: “The expanded uncertainty
uncertainty due to the material’s non-uniformity [Eq X2.12], of the reported average hardness of the material under test is
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based on uncertainty contributions from the measurement X2.9.4 The contributions to the standard uncertainty u ...,
process and from the hardness non-uniformity ot the material. of the certitied average value of the test block are
The uncertainty was calculated in accordance with Appendix {1 )itgepanu{Calib. Block), the uncertainty due to the standard-
X1 of ASTM EI0 with a coverage factor of 2 representing a  izing machine’s lack of repeatability combined with the uncer-
confidence level of approximately 95 %.” If the test report does. tainty due to the calibrated block’s non-uniformity [Eq X2.12],
not state the number of measurements that were averaged and which is determined from the calibration measurements made
the Jocations that the measurements were made. then this  on the test block. (2)ug,,,.q the uncertainty contribution due to
information should also be included as part of the brief  the lack of reproducibility [Eq X2.13]. (3)ug,,, the uncer-
explanation of how the uncertainty was calculated. tainty due to the resolution of the indentation measurement
system [Eq X2.14], and (4)#ysecpymmy the uncertainty in deter-

X2.8.10.3 Example—For this example. a company tests its - e o . .
P P pany mining the “error™ of the standardizing machine [Eq X2.22 or

product by making one Brinell hardness measurement on its o5 . " 3
surface and measures the indentation with a portable hand-held Eq X2.20]. The potation (Calib. Blr_rck) s added o the terim
N . . N , to signify that the uncertainty is determined from
scope having a resolution of 0.05 mm. The measurement value Repant < .
of the average indentation diameter is 4.20 mm or a Brinell calibration measurements made on the calibrated block.
hardness value of 103 HBW 10/1500. The testing facility X2.9.5 The combined standard uncertainty ¢, and the
would like to determine the measurement uncertainty, in the expanded uncertainty U, are calculated by combining the
single hardness value. A hardness of 104 HBW 10/, appropriate uncertainty components described above for each
the mid range of the HBW 10/1500 scale. hardness level of each Brinell scale as:

For this example, assume the last verification of the mid range
1500 scale reporter

ertpn = N gl Calib. BIOCK) 16162 Wi

"R-vnr0032 i (X2.33)
Yot ’0-054 MM

Bias, B(,,,,,, —0.029 mm

For this example, assume the hardness machine has beerj #rgfitored for an

extended period of time, and from [Eqj X2.13], it was deteriised that: U, = kitg,,+ ABS(B) (X2.34)
~o. : : . . . .

Toidetermine the uncertainty of the certitied average
f the block in terms of Brinell hardness units

‘the uncertainty, as calculated in [Eq X2.34]. in

e

Other uncertainty contributions are caloulated as:
0.05

U= 77— 00144 I [Eq X2.14]

Therefore: fentation diameter, must be converted using [Eq
Uyasmy= ¥/ 0-032% +0.0407 +0.01447 + 0, U oty 15 SUbstituted for Ad. The calculated value
Uytontm=00758 I

and sine B = -0.020 mm, Ahien becomes the new value of U, in Brinell

%0.0758)+ ABS(-0.
s 1806 mm
In'fomm of Brinell hardness un
u o 1eosx( 103% (10+:
s tiom =0- 4,202 \/1
Unoasramy=9-3 HBW 10/1500 for ¢
surement made on the single product ite:

Uypoasrmmi

The first minus sigy
Ssince uncertaii

#Eg X2.3] has been deleted when
ies are alw1ys positive.

X2.9 Procedure for Calculating Uncertainty:

Certified Value of Standardized Te be used. This coverage factof Provides a confidence level of

H approximately 95 %.

X2.9.1 Standardizing laboratories engaged
of reference test blocks must determine the unceftRig
reported certitied average hardness value of the blégk. This
uncertainty U, provides an indication of how well the
certified value would agree with the “true™ average hardness of
the test block.

X2.9.8 Reporting the Measurement Uncertainty—The value
of U, is an estimate of the uncertainty in the reported certified
average hardness value of a reference test block. The reported
value 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
X2.9.2 Test blocks are certitied as having an average expanded uncertainty in the certified value of the test block was
hardness value based on calibration measurements made across calculated in accordance with Appendix X1 of ASTM E10 with
the surtace of the test block. This analysis is essentially — a coverage factor of 2 representing a confidence level of
identical to the analysis given in X2.M.5 for measuring the approximately 95 %.”
average hardness of a product. In this case. the product is a
calibrated reference test block.

X2.9.9 Example—A test-block standardizing laboratory has
completed the calibration of a test block in the hardness range

X2.9.3 For this procedure. all uncertainty calculations are of 100 HBW 10/500, and measures the indentation with a
initially based on indentation diameter values in mm units. The measuring system having a resolution of 0.01 mm. The
combined standard uncertainty g, and the expanded un- laboratory must determine the uncertainty in the certified
Certainty U,y are both in terms of indentation diameter. The average hardness value of the block. A hardness of 100 HBW
uncertainty Ug.,., can then be converted to an expanded 107500 is considered within the high range ot the HBW 10/500
UNCETMAINY U,y i terms of Brinell hardness numbers. scale. The results of the five calibration measurements are:
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Average diameter lengths: 2.53, 2.50, 2.50, 2.51, and 2.51 mm
Calculated average indentation diameter: 2.51 mm

Calculated hardness values 97.8, 100, 100, 99.4 and 99.4 HBW 10/500
Calculated average hardness value: 99.4 HBW 10/500

Therefore:

Upgpara{ Calib. Block)=

STDEV(259, 250250, 251, 251) [ v 11 o
V5

Upppar{ Calib. Block)=0.0055 mm

For ths examplo, assume the ast diroct veriication of the high range of the
HBW 10/500 scale reported:

Uy 0:015 MM

Bias, By, —0.004 mm

Also assume the hardness machine has been monitored for an extended period
of fime, and from [Eq X2.13], it was determined that:

Upprog=0.004 mm for the high range of the HBW 10/500 scale

Other unoenanmy contributions are calculated as:
P \f 0029 mm [Eq X2.14] Therefore:

Uentm="/0.0055°+ 0.004% + 0.0029°+0.015 [Eq X2.33], or
Ugagom =067 HBW 10/500
and since B =-0.004 mm,
%0.0167)+ ABS(-0.004) [Eq X2.34], or
oy =0:0374 1M
In terms of Brinell hardness (um(s:\/‘o —
99.4% (10+1/T0°—25F, "
251X \/10°- 251 [Eq X2.35], or

o =3.0 HBW 10/500 for the certified hardness value of the single

calibrated test block.

u()r(rrm

Uugrom=0.0374%

SUMMARY OF CHANGES

Committee E28 has identitied the loc;
that may impact the use of this standag;

(1)9.1.1 was revised.

ASTM Intemational takes ro positor:raspecting the validly of o

in this standard, Users of this standard af expressly advi

of infringement of such rights, are entiraly their own: respamq« .

d changes to this standard since the last issue (E10-12)

ssserted in connection with any item mentioned
yvalcity of any such patent rights, and the risk

This standard is subject o revisiai¥al ani:Rore b e ésponciil let¥ical dommiies and must be reviewed every five years and
i ¥ it
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and should be addressed
responsible technical

fonal, 100 Barr Hag
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