This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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Rockwell Hardness of Metallic Materials
This standard is issued under the fixed designation E18; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (&) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 These test methods cover the determinati
Rockwell hardness and the Rockwell superficial
metallic materials by the Rockwell indentation h
ciple. This standard provides the requirement:

hardness machines and the procedures for pegfi

well hardness tests.

1.2 This test method includes requiremeHi§iEaF the use oF

portable Rockwell hardness testing machi
Rockwell hardness by the Rockwell hardnes

kilograms-force (kgf) and the indenter ball diameters were
specified in units of inches (in.). This standard specifies the
units of force and length in the International System of Units
(SI); that is, force in Newtons (N) and length in millimeters
(mm). However, because of the historical precedent and
continued common usage, force values in kgf units and ball
diameters in inch units are provided for information and much
of the discussion in this standard refers to these units.

test principles, testing procedures, and verification
re essentially identical for both the Rockwell and
cial hardness tests. The significant differences

ests are that the test forces are smaller for the

diticial test than for the Rockwell test. The same

verification requirements and can
verification requirements are ¢Eyigies

1.3 This standard includ
following annexes:

Verification of Rockwell Hard
Rockwell Hardness Standarg

Standardization of Rockwe #nnex A3
Standardization of Rockwell Ha Hrnex Ad
Guidelines for Determining the M nex As

Test Piece

Hardness Value Corrections When Testlfig on Convex #nnex AB

Cylindrical Surfaces

14 This standard includes nonmandatory :

test.

List of ASTM Standards Giving Hardness Values
Corresponding
to Tensile Strength
Examples of Procedures for Determining Rockwell
Hardness Uncertainty

1.5 Units—At the time the Rockwell hardness test was
developed, the force levels were specified in units of

Appendix X2

! These test methods are under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and are the direct responsibility of Subcommittee E28.06 on
Indentation Hardness Testing.

Current edition approved Feb. 1, 2020. Published March 2020. Originally
approved in 1932. Last previous edition approved in 2019 as EI8~19. DOL
10.1520/E0018-20

21n this test method, the term Rockwell refers to an internationally recognized
type of indentation hardness test as defined in Section 3, and not to the hardness
testing equipment of a particular manufacturer.

denters may be used for either test, depending
¥ being employed. Accordingly, throughout this
i#He term Rockwell will imply both Rockwell and
‘superficial unless stated otherwise.

This standard does not purport to address all of the
if any, associated. with its use. It is the
rd to establish appro-
Tfal practices and deter-
lamitations prior to use.
as developed in accor-
principles on standard-
ization establzshed Wi the Déiiion ton Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:?

A370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A623 Specification for Tin Mill Products, General Require-
ments

A623M Specification for Tin Mill Products, General Re-
quirements [Metric]

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org, For Annual Book of ASTM
Standards volnme information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard

Capyright © ASTM International, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-2959. United States
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A883 Test Method for Ferrimagnetic Resonance Linewidth
and Gyromagnetic Ratio of Nonmetallic Magnetic Mate-
rials

A956 Test Method for Leeb Hardness Testing of Steel
Products

A1038 Test Method for Portable Hardness Testing by the
Ultrasonic Contact Impedance Method

B19 Specification for Cartridge Brass Sheet, Strip, Plate,
Bar, and Disks

B36/B36M Specification for Brass Plate, Sheet, Strip, And
Rolled Bar

B96/BY6M Specification for Copper-Silicon Alloy Plate,
Sheet, Strip, and Rolled Bar for General g irposes and
Pressure Vessels

B103/B103M Specification for Phosphg
Sheet, Strip, and Rolled Bar i

#i:Plate,

B121/B121M Specification for Leade gisheet,
Strip, and Rolled Bar
B122/B122M Specification for Coppigsa) ‘ &ioy,

Copper-Nickel-Zinc Alloy (Nick

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

ISO/IEC 17025 General Requirements for the Competence
of Testing and Calibration Laboratories®

2.4 Society of Automotive Engineers (SAE) Standard:

SAE J417 Hardness Tests and Hardness Number Conver-
sions®

3. Terminology and Equations

3.1 Definitions:

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

3.1.2 standardization—to bring in conformance to a known
standard through verification or calibration.

3.1.3 verification—checking or testing to assure confor-
mance with the specification.

il 4 Rockwell hardness test—an indentation hardness test

Nickel Alloy Plate, Sheet, Strip,
B130 Specification for Commercial Bronze Stei
Jackets

Venﬁed machine to force a diamond spheroconical

ungsten carbide (or steel) ball indenter, under
ditions, into the surface of the material under test,

B134/B134M Specification fi

ure the difference in depth of the indentation as the

B152/B152M Specificatig
and Rolled Bar
B370 Specification foiliit

the indenter is increased from a specified preliminary
f to a specified total test force and then returned to the
pilfinary test force.

Construction

¥1.5 Rockwell superficial hardness test—same as the Rock-

B647 Test Method

Alioys by M
E29 Practice 6
Determine Confi
E74 Practices for Cifi
Measuring Instrumen{§™"
E92 Test Methods for Vickers Hard
ness of Metallic Materials i
E110 Test Method for Rockwell aidil
Metallic Materials by Portable Ha‘fiéim
E 140 Hardness Conversion Tables for’
Among Brinell Hardness, Vickers Hard 85, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, Sclero-
scope Hardness, and Leeb Hardness
E384 Test Method for Microindentation Hardness of Mate-
rials
E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

rCe-

sard-

2.2 American Bearings Manufacturer Association Stan-
dard:
ABMA 10-1989 Metal Balls*

2.3 ISO Standards:

150 6508-1 Metallic Materials—Rockwell Hardness Test—
Part 1: Test Method (scales A, B, C, D, E, E G, H, K, N,
T)°

4 Available from American Bearing Manufacturers Association (ABMA), 2025
M Street, NW, Suite 800, Washington, DC 20036.

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

ell hardness test except that smaller preliminary and total test
forces arg:used with a shortgridepth scale.

er—a number derived from
“indentation as the force on an
pecified preliminary test force to
ien returned to the preliminary

.G iRockwell hardne

testforce.

3.1.7 Rockwell hardness machine—a machine capable of
performing a Rockwell hardness test and/or a Rockwell super-
ficial hardness test and displaying the resulting Rockwell
hardness number.

3.1.7.1 Rockwell hardness testing machine—a Rockwell
hardness machine used for general testing purposes.

3.1.7.2 Rockwell hardness standardizing machine—a Rock-
well hardness machine used for the standardization of Rock-
well hardness indenters, and for the standardization of Rock-
well hardness test blocks. The standardizing machine differs
from a regular Rockwell hardness testing machine by having
tighter tolerances on certain parameters.

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

3.1.7.4 movable Rockwell hardness testing machine—a
Rockwell hardness testing machine that is designed to be

¢ Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001, http://www.sae.org.



Ay e18 - 20

moved to different locations on a moveable frame, table or
similar support that is integral to the testing machine (for
example, securely fixed to a rolling table), or a Rockwell
hardness testing machine that is designed (0 move into testing
position prior to a test, (for example, securely fixed to a moving
support arm), and has been previously verified to ensure that
such a move will not affect the hardness result.

3.2 Eguations:
3.2.1 The average H of a set of n hardness measurements
H,, H,, ..., H, is calculated as:

H,+H,+.. +H,
f

H=

3.2.2 The error E in the performance of a Ro
ness machine at each hardness level, relative (o a,

scale, is determined as:

%y Sethenter
* dheection

Indentar
direction

Bl

Haseling depth
STt

\1 el surface

£
e
S xpdiy T
R 3 Fiival depth
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& Step 10 of additionat
| Auoly prelininary | test force £y A prafiminary
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= | msasuns bassline e
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Apply acditional test | e B Rre additions) tast
force ¥y o achisve & ;‘mj:ki i’m frce Fy, and measure
total test force £, R fimal inollentation depth,
Increasing Time =i

FIG. 1 Rockwell Hardness Test Method (Schematic Diagram)

Step 1—The indenter is brought into contact with the test
specimen, and the preliminary test force Fy is applied. After

E=H-H,, i i
where: i
H = average of n hardness measuremer H
made on a standardized test blag
performance verification, and
Herp =

test block.

3.2.3 The repeatability R in (i
hardness machine at each ha

measurements made on a_$
performance verificatio

where: s
H, . = highest hardness valuéiian

max
= lowest hardness value.

min

4. Significance and Use

4.1 The Rockwell hardness test is an empigiia
hardness test that can provide useful informatio
materials. This information may correlate to tensi
wear resistance, ductility, and other physical charac
metallic materials, and may be useful in quality control and
selection of materials.

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

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

4.4 Adherence to this standard test method provides trace-
ability to national Rockwell hardness standards except as stated
otherwise.

5. Principles of Test and Apparatus

5.1 Rockwell Hardness Test Principle—The general prin-
ciple of the Rockwell indentation hardness test is illustrated in
Fig. 1. The test is divided into three steps of force application
and removal.

i specified dwell time, the final depth of indentation
fired. The Rockwell hardness value is derived from the
mdentatlon depths while

om the test specimen.
£at10ns of the Rockwell

between the two test
t are used. For the
Rockwell hardness test, the preliminary test force is 10 kgf (98
N) and the total test forces are 60 kgf (589 N), 100 kgf (981 N),
and 150 kgt (1471 N). For the Rockwell superficial hardness
test, the preliminary test force is 3 kgf (29 N) and the total test
forces are 15 kegf (147 N), 30 kgf (294 N), and 45 kgf (441 N).

5.1.2 Indenters for the Rockwell hardness test include a
diamond spheroconical indenter and tungsten carbide ball
indenters of specified diameters.

5.1.2.1 Steel indenter balls may be used only for testing thin
sheet tin mill products specified in Specifications A623 and
A623M wusing the HR15T and HR30T scales with a diamond
spot anvil. Testing of this product may give significantly
differing results using a tungsten carbide ball as compared to
historical test data vsing a steel ball.

Note 1—Previous editions of this standard have stated that the steel
ball was the standard type of Rockwell indenter ball. The tungsten carbide
ball is considered the standard type of Rockwell indenter ball. The use of
tungsten carbide balls provide an improvement to the Rockwell hardness
test because of the tendency of steel balls to flatten with use, which results
in an erroneously elevated hardness value. The user is cautioned that
Rockwell hardness tests comparing the use of steel and tungsten carbide
balls have been shown to give different results. For example, depending on
the material tested and its hardness level, Rockwell B scale tests using a
tungsten carbide ball indenter have given results approximately one
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Rockwell point lower than when a steel ball indenter is used.

5.1.3 The Rockwell hardness scales are defined by the
combinations of indenter and test forces that may be used. The
standard Rockwell hardness scales and typical applications of
the scales are given in Tables | and 2. Rockwell hardness
values shall be determined and reported in accordance with one
of these standard scales.

5.2 Calculation of the Rockwell Hardness Number—During
a Rockwell test, the force on the indenter is increased from a
preliminary test force to a total test force and then returned to
depth measurements, whrle under the preliminary te$€':ﬁ5’£ e, is
measured as i (see Fig. 1). i
5.2.1 The unit measurement for A is mm. Fror

h, the Rockwell hardness number is derived.

hardness number is calculated as;: sy i

5.2.1.1 For scales using a diamond sphei§
(see Tables 1 and 2):

designation. When a ball indenter is used, the scale designation
is followed by the letter “W” to indicate the use of a tungsten
carbide ball or the letter “S” to indicate the use of a steel ball
(see 5.1.2.1).

5.2.3.1 Examples:

64 HRC = Rockwell hardness number of 64 on Rockwell C scale

81 HR30N = Rockwell superficial hardness number of 81 on the Rockwell
30N scale

72 HRBW = Rockwell hardness number of 72 on the Rockwell B scale

using a tungsten carbide ball indenter

5.24 A reported Rockwell hardness number or the average
value of Rockwell hardness measurements shall be rounded in
accordance with Practice E29 with a resolution no greater than
the resolution of the hardness value display of the testing
machine. Typically, the resolution of a Rockwell hardness
number should not be greater than 0.1 Rockwell units.

‘When the Rockwell hardness test is used for the acceptance

:'ble ranges in the tolerances for the repeatabrllty and

chine, as Qpemﬁed in the verlhcatlon requnement% of

Rockwell Hardness = (4
{:
where £ is in mm.
5.2.1.2 For scales using a b Yand 2):
Rockwell Ha (6)
Rockwell Su

where £ is in mm.

52.2 The Rockwell hardrheé‘s;

number for harder material.
5.2.3 Rockwell hardness values shall not

and forces have been employed in making th
1 and 2). Rockwell hardness numbers shall be
scale symbol representing the indenter and forces ¥sed. The
hardness number is followed by the symbol HR and the scale

festing, Rockwell hardness values are rounded to whole
lowing Practice E29. Users are encouraged to address round-

contract revie

3 Rockigell
chine shall i

g Rockwell testing ma-
determinations by apply-
: the depth of indentation in
Bss test principle.

b tiger’s Instruction Manual
for a description of the machine’s characteristics, limitations,
and respective operating procedures.

5.3.2 The Rockwell testing machine shall automatically
convert the depth measurements to a Rockwell hardness
number and indicate the hardness number and Rockwell scale
by an electronic device or by a mechanical indicator.

TABLE 1 Rockwell Hardness Scales

Scale Total Test Dial

Symbol Indenter Force, kgf Figures Typical Applications of Scales

B Yhe-in. (1.588-mm) ball 100 red Copper alloys, soft steels, aluminum alloys, malleable iron, etc.

C diamond 150 black Steel, hard cast irons, pearlitic malleable iron, titanium, deep case hardened steel, and other
materials harder than B100.

A diamond 60 black Cemented carbides, thin steel, and shallow case-hardened steel.

D diamond 100 black Thin steel and medium case hardened steel, and pearlitic malleable iron.

E Va-in. (3.175-mm) ball 100 red Cast iron, aluminum and magnesium alloys, bearing metals.

F Yie-in. (1.588-mm) ball 60 red Annealed copper alloys, thin soft sheet metals.

G V1e-in. (1.588-mm) ball 150 red Malleable irons, copper-nickel-zinc and cupro-nickel alloys. Upper limit G92 to avoid possible
flattening of ball.

H Ve-in. (8.175-mm) ball 60 red Aluminum, zinc, lead.

K Ve-in. (3.175-mm) ball 150 red

L Va-in. (6.350-mm) ball 60 red

M Va-in. (6.350-mm) ball 100 red Bearing metals and other very soft or thin materials. Use smallest ball and heaviest load that does

P Va-in. (6.350-mm) ball 150 red not give anvil effect.

R Ve-in. (12.70-mm) ball 60 red

S Y2-in. (12.70-mm) ball 100 red

\% 2-in. (12.70-mm) ball 150 red
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TABLE 2 Rockwell Superficial Hardness Scales

Scale Symbols

Total Test Force,

kgf (N) N Scale, Diamond T Scale, Vie-in. W Scale, Ve-in. X Scale, Va-in. Y Scale, V2-in.
Indenter (1.588-mm) Ball (3.175-mm) Ball (6.350-mm) Ball (12.70-mm) Ball

15 (147) 15N 157 15W 15X 15Y

30 (294) 30N 307 30W 30X 30Y

45 (441) 45N 457 45W 45X 45Y

5.4 Indenters—The standard Rockwell indenters are either
diamond spheroconical indenters or tungsten carbide ballg of
1.588 mm (Vs in.), 3.175 mm (V5 in.), 6.350 mm (V4 ig
1270 mm (¢ in.) in diameter. Indenters shall

5.5.6 Special anvils or fixtures, including clamping fixtures,
may be required for testing pieces or parts that cannot be
supported by standard anvils. Auxiliary support may be used

.. for testing long pieces with so much overhang that the piece is

requirements defined in Annex A3. Steel ball indente

not firmly seated by the preliminary force.

used in certain circumstances (see 5.1.2.1).

5.6 Verification—Rockwell testing machines shall be veri-

5.4.1 Dust, dirt, or other foreign materials

allowed to accumulate on the indenter, as this }
test results.

Note 3—Indenters certified to revision E18-07 or i:iirer meet the

d periodically in accordance with Annex Al.

5.7 Test_Blocks—Test blocks meeting the requirements of
; [l be used to verify the testing machine in

requirements of this standard.

5.5 Specimen Support—A specimen support or “

be uvsed that is suitable for supportmg thes speesr__,

tested. The seating and supporting su

clean and smooth and shall be frg
and foreign material. Damage (@
testing too thin material or a
the indenter. If the anvil is da
repaired or replaced. Anvi
tible damage may give indé
material.

5.5.1 Common specimen supjé

H#ixed-location Rockwell hardness testing machine
#apable of testing certain samples because of the
€or weloht sample Iocatlon accessibility of the test
mstances, the use of
iihe is an acceptable
Hows the use of a
gne as foliows.

minimum hardness of 58 HRC. Soni

cimess testing machine

require a lower material hardness.

d, including the test

smooth, flat bearing surface whose plane is p i
the axis of the indenter. i

5.5.3 Small diameter cylindrical picces shall be ‘tésiedi th
a hard V-grooved anvil with the axis of the V-groov
under the indenter, or on hard, parallel, twin cylinders properly
positioned and clamped in their base. These types of specimen
supports shall support the specimen with the apex of the
cylinder directly under the indenter.

5.5.4 For thin materials or specimens that are not perfectly
flat, an anvil having an elevated, flat “spot” 3 mm (s in.) to
12.5 mm (V2 in.) in diameter should be used. This spot shall be
polished smooth and flat. Very soft material should not be
tested on the “spot” anvil because the applied force may cause
the penetration of the anvil into the under side of the specimen
regardless of its thickness.

5.5.5 When testing thin sheet metal with a ball indenter, it is
recommended that a diamond spot anvil be used. The highly
polished diamond surface shall have a diameter between 4.0
mm (0.157 in.) and 7.0 mm (0.2875 in.) and be centered within
0.5 mm (0.02 in.) of the test point.

5.5.5.1 CAUTION: A diamond spot anvil should only be
used with a maximum total test force of 45 kgf (441 N) and a
ball indenter. This recommendation should be followed except
when directed otherwise by material specification.

i principle, apparatus mdenfers apphigdiforees, test procedures

and the direct and indirect verifications of the testing machine
(except as indicated in Table Al.1). Test Method E110 covers
portable Rockwell hardness testing machines that cannot be
directly verified or cannot pass direct verification but meet the
other requirements of this method.

5.8.1.2 A portable Rockwell hardness testing machine shall
be used only when testing circumstances make it impractical to
use a fixed-location Rockwell hardness testing machine. In
such cases, it is recommended that an agreement or under-
standing be made between all parties involved (for example,
testing service and customer) that a portable Rockwell hard-
ness testing machine will be used instead of a fixed-location
Rockwell hardness testing machine (see 5.8.1.)

5.8.1.3 The portable Rockwell hardness testing machine
shall measure hardness by the Rockwell hardness test principle
(see 5.1). Portable hardness testing machines or instruments
that measure hardness by other means or procedures different
than the Rockwell hardness test principle, such as those defined
in Test Methods A883, A956, A1038 or Bo6d7, produce
converted Rockwell hardness values and do not comply with
this method.

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

5.8.3 Additional reporting requirements when uvsing a por-
table Rockwell hardness testing machine are given in 9.2.

5.8.4 Portable hardness testing machines byithe nature of
their application may induce errors that could ifisince the test
results. To understand the differences in ;
between portable and fixed-location Rockw
machines, the user should compare the re
and bias studies given in Section 10 ang:

6. Test Piece

values.

Note 7—A table of correction values to be applied to test results made
on spherical surfaces is given in ISO 6508-1.

6.5 When testing small diameter specimens, the accuracy of
the test will be seriously affected by alignment between the
indenter and the test piece, by surface finish, and by the
straightness of the cylinder.

7. Test Procedure

7.1 A daily verification of the testing machine shall be
performed in accordance with A1.5 prior to making hardness
tests. Hardness measurements shall be made only on the
calibrated surface of the test block.

7.1.1 The results of a daily verification shall comply with
the current values specified in Table Al.3 regardless of any
maximum error E value marked on the test block (see Note 8).

Note 8—Different editions of this method have revised some maximum
error E values given in Table Al.3. Consequently, the maximum error £
values marked on older standardized test blocks may not reflect the current

6.1 For best results both the test ¥

Rockwell hardness tests should be carried out at ambient

oxide scale, foreign matter, and lubrlca 3
made for certain materials such,.as: rezr iy
adhere to the indenter. In sighisiE

defined on the test repgs

6.2 Preparation shifheiEn
alteration of the gifffaee

example, due t

6.3 The thickne$
should be as defined
Annex A5, These tables Wi >
of carbon steel and have proven to givii
other materials, it is recommended thik:
exceed 10 times the depth of indei
deformation should be visible on the b
the test, although not all such marking %
test.

6.3.1 Special consideration should be madé when testing
parts that exhibit hardness gradients; for example, parts that
were case-hardened by processes such as carburizing,
carbonitriding, nitriding, induction, etc. The minimum thick-
ness guidelines given in Annex A5 only apply to materials of
uniform hardness, and should not be used to determine the
appropriate scale for measuring parts with hardness gradients.
The selection of an appropriate Rockwell scale for parts with
hardness gradients should be made by special agreement.

Note 6—A table listing the minimum effective case depth needed for
different Rockwell scales is given in SAE J417.

6.4 When testing on convex cylindrical surfaces, the result
may not accurately indicate the true Rockwell hardness;
therefore, the corrections given in Annex A6 shall be applied.
For diameters between those given in the tables, correction
factors may be derived by linear interpolation. Tests performed
on diameters smaller than those given in Annex A6 are not
acceptable. Corrections for tests on spherical and concave
surfaces should be the subject of special agreement.

re within the limits of 10 to 35 °C (50 to 95 °F).

tie Rockwell hardness test are cautioned that the
> of the test material and the temperature of the
tester may affect test results. Consequently, users
nsure that the test temperature does not adversely
he hardness measurement.

The test piece shall be supported rigidly so that displace-

“ment of the test surface is minimized (see 5.5).

§2:Cycle—This stami ispemﬁes the Rockwell test
statmg recomm ﬁda ihs or reqmrements for five

, and defined as follows:
‘e velocity of the indenter at the
terial.

(2) Prelzmmary Force”Dwell Time, tp—The dwell time
beginning when the preliminary force is fully applied and
ending when the first baseline depth of indentation is
measured, (also see 7.4.1.3).

(3) Additional Force Application Time, t;,—The time for
applying the additional force to obtain the full total force.

(4) Total Force Dwell Time, t;/—The dwell time while the
total force is fully applied.

(5) Dwell Time for Elastic Recovery, tz—The dwell time at
the preliminary force level, beginning when the additional
force is fully removed, and ending when the second and final
depth of indentation is measured.

7.4.1 The standard Rockwell test cycle is specified in Table
3. The test cycle used for Rockwell hardness tests shall be in
accordance with these test cycle values and tolerances (see
Note 9), with the following exceptions.

7.4.1.1 Precautions for Materials Having Excessive Time-
Dependent Plasticity (Indentation Creep)—In the case of
materials exhibiting excessive plastic flow after application of
the total test force, special considerations may be necessary
since the indenter will continue to penetrate. When materials
require the use of a longer total force dwell time than for the
standard test cycle stated in Table 3, this should he specified in
the product specification. In these cases, the actual extended
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hardness machine match, as closely as possible, the test cycle used for the
indirect verification of the hardness machine. Varying the values of the
testing cycle parameters within the tolerances of Table 3 can produce
different hardness results.

7.5 Test Procedure—There are many designs of Rockwell
hardness machines, requiring various levels of operator con-
trol. Some hardness machines can perform the Rockwell
hardness test procedure automatically with almost no operator
influence, while other machines require the operator to control
most of the test procedure.

7.5.1 Bring the indenter into contact with the test surface in
a direction perpendicular to the surface and, if possible, at a
velocity within the recommended maximum contact velocity

7.5.2 Apply the preliminary test force Fy of 10 kegf (98 N)
for the Rockwell hardness test or 3 kgf (29 N) for the Rockwell
superﬁ<:1al hardness test.
faintain the preliminary force for the specified pre-
cee dwell time 1pp.
tii#end of the preliminary force dwell time fpp,

blish the reference position of the baseline

fitstion (see manufacturer’s Instruction Manual).

se the force by the value of the additional test

{a} Increasing Time ——»

T ----- Total Force, F

] '

v
£ Start of final 40% __ _

™ of Total Force
=

"

3

g first depth final depth

S measurement measurement
™| pretininary \ Prefiminary

Force, Fy e, Fy
“ V A -
bon for b by X
() i
e
Vs {prior by indenter contact with test fal}

@ NS mogteralsyrface

&

o /j

e first depth

.g msasurement

o

-

=

L

FIG. 2 Schematic of For
Plot (b) of an HRC

Depth-Time
: Parts

Test Cycle Parameter

Indenter contact velocity, v, (recommended) i
Dwell time for preliminary force, to-(when the time to &

the preliminary force fpq = 1 s, then calculate this para

toa
as 2+,
Time for application of additional force, t74 HHERE0 8.0 s
Dwell time for total force, i 20608
Dwell time for elastic recovery, {5 0.2105.0s

total force dwell time used shall be recorded and reported after
the test results (for example, 65 HRFW, 10 s).

7.4.1.2 There are testing conditions that may require that the
indenter contact velocity exceed the recommended maximum
stated in Table 3. The user should ensure that the higher contact
velocity does not cause a shock or overload which would affect
the hardness result. It is recommended that comparison tests be
made on the same test material using a test cycle within the
requirements stated in Table 3.

7.4.1.3 For testing machines that take 1 s or longer to apply
the preliminary force fp,, the preliminary force dwell time
value 7, shall be adjusted before comparing the parameter
with the tolerances of Table 3 by adding to it one half of 1, as

~2P-’3+1PF For testing machines that apply the preliminary force

tpy in 1 s or less, this adjustment to the preliminary force dwell
time value 7, is optional.
Note 9—1It is recommended that the test cycle to be used with the

gded to obtain the required total test force F for a
Hiddiess scale (see Tables 1 and 2). The additional force
tiibe applied in a controlled manner within the specified
Eition tlme range fry.

F, while maintaining

ist force F, for an appro-
n the test material and the

£

7.5.9 At the end of the dwell time for elastic recovery,
immediately establish the final depth of indentation (see
manufacturer’s Instruction Manual). The testing machine shall
calculate the difference between the final and baseline depth
measurements and indicate the resulting Rockwell hardness
value. The Rockwell hardness number is derived from the
differential increase in depth of indentation as defined in Eq 4,
Eq 5, Egq 6, and Eq 7.

7.6 Throughout the test, the apparatus shall be protected
from shock or vibration that could affect the hardness mea-
surement result,

7.7 After each change, or removal and replacement, of the
indenter or the anvil, at least two preliminary indentations shall
be made to ensure that the indenter and anvil are seated
properly. The results of the preliminary indentations shall be
disregarded.

7.8 After each change of a test force or removal and
replacement of the indenter or the anvil, it is strongly recom-
mended that the operation of the machine be checked in
accordance with the daily verification method specified in
Annex Al

7.9 Indentation Spacing—The hardness of the material im-
mediately surrounding a previously made indentation will
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usually increase due to the induced residual stress and work-
hardening caused by the indentation process. If a new inden-
tation is made in this affected material, the measured hardness
value will likely be higher than the true hardness of the
material as a whole. Also, if an indentation is made too close
to the edge of the material or very close to a previously made
indentation, there may be insufficient material to constrain the
deformation zone surrounding the indentation. This can result
in an apparent lowering of the hardness value. Both of these
circumstances can be avoided by allowing appropz':' spacing
between indentations and from the edge of the; tal.

7.9.1 The distance between the centers |
indentations shall be at least three times the#
indentation (see Fig. 3).

7.9.2 The distance from the center ofg
edge of the test piece shall be at least twigi
diameter of the indentation (see Fig. 3).

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

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

40 HRC/P = Rockwell hardness number of 40 on the Rockwell
C scale.

72 HRBW/P = Rockwell hardness number of 72 on the
Rockwell B scale with a tungsten carbide ball indenter.

10. Precision and Bias” ®

10.1 Precision—A Rockwell hardness precision and bias
was conducted in 2000 in accordance with Practice
dests were performed in the following six Rockwell

HRC, HRBS, HR30N, HR30TS, and HRES. The

8. Conversion to Other Hardness Scales or Tensile

RBS, HR30TS and HRES scales were made using

Strength Values

anters. A total of 18 Rockwell scale hardness test

8.1 There is no general method:
Rockwell hardness numbers
numbers on another scalp
numbers, or to tensile s
best, approximations ag

fithe type readily available were used for this study.
¢ks at three different hardness levels (high, medium,
¥ in each scale were tested three times each. The results

for special cases w
conversion has be

Note 10—The Stan
give approximate conversi
austenitic stainless steel, nick
copper alloys, and alloyed whi
the conversion tables of E140 was determinedi#gin,

Note 11—ASTM standards giving appriéiiiti
strength relationships are listed in Appendix Xi

9. Report

9.1 The test report shall include the folloWig

9.1.1 The Rockwell hardness number. All repmrts of Rock-
well hardness numbers shall indicate the scale used. The
reported number shall be rounded in accordance with Practice
E29 (see 5.2.4 and Note 2),

9.1.2 The total force dwell time, if outside the specified
standard test cycle tolerances (see Table 3), and

o

. - N . . Pt
* W F * # L *
# A\ % ¢ AR %
A it
A % LAY # % 2% #
A - % - - - * #
"y B gy . -~ - - -

edge of material
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N
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FIG. 3 Schematic of Minimum Indentation Spacing

E18-05, this standard changed
“balls for all scales that use
finge, a second study was
¢. study was performed in
1d was identical to the initial
i the HRBW, HR30TW, and
iglditarbide ball indenters. The
results from that study are filed under ASTM Research Report
RR:E28-1022.

10.3 A total of 14 different labs participated in the two
studies. Eight participated in the first study and nine in the
second study. Three labs participated in both studies. The labs
chosen to participate in this study were a combination of
commercial testing labs (6), in-house labs (5) and test block
manufacturer’s calibration labs (3). Each lab was instructed to
test each block in three specific locations around the surface of
the blocks. All testing was to be done according to ASTM
E18-05.

10.4 The results given in Table 4 may be useful in inter-
preting measurement differences. It is a combination of the two
studies. The diamond scales, HRC, HRA, and HR30N are from
the first study and the ball scales, HRBW, HREW, and
HR30TW are from the second study. This combination reflects
the testing that is being done currently.

10.5 The value of rpp indicates the typical amount of
variation that can be expected between test results obtained for
the same material by the same operator using the same

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E28-1021.

8 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E28-1022.
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TABLE 4 Results of the Precision and Bias Study

Test Block :;’gﬁgses sr SR o Rpg

Data from 2000 study
62.8 HRA 62.50 0.164 0.538
73.1 HRA 73.04 0.138 0.358
83.9 HRA 84.54 0.085 0.468
25.0 HRC 24.99 0.335 0.440
45.0 HRC 45.35 0.156 0.259
65.0 HRC 65.78 0.153 0.389
45.9 HR30N 46.75 0.299 2.489
64.0 HR30N 64.74 0.248 0.651
81.9 HR30N 82.52 0.195 0.499

Data from 2006 study
40 HRBW 43.90 0.492 0.668
60 HRBW 61.77 0.663 0.697
95 HRBW 91.09 0.250 0.292
62 HREW 64.07 0.346 0.675
81 HREW 81.61 0.232 0.406
100 HREW 96.22 0.177 0.322
22 HR30TW 18.33 0.702 0.901
56 HR30TW 58.0 0.476 0.517
79 HR30TW 81.0 0.610 0.851

than the Rpp value for that Rockwell scale is an indication that
the results may be equivalent.

10.7 Any judgments based on 10.5 and 10.6 would have an
approximately 95 % probability of being correct.

10.8 This precision and bias study was conducted on a
selected number of the most commonly used Rockwell scales.
For Rockwell scales not listed, the rpp and Rpp values may be
estimated using the conversion tables of E140 to determine a
corresponding increment of hardness for the scale of interest at
the hardness level of interest. The user is cautioned that
estimating the rpz and Rpp values in this way, decreases the
probability of them being correct.

10.9 Although the precision values given in Table 4 provide
euidance on interpreting differences in Rockwell hardness
measurement results, a complete evaluation of measurement
uncer[amty will provide a more definitive interpretation of the
i fa;: the specific testing conditions.

i data generally indicated reasonable precision

45,9 HR30N scale. In that scale the SR and Rpp

igh compared to all of the other scales. An

hardness tester on the same day. Wh

e raw data reveled that one 1ab’s results were

results made under these conditigs
of less than the rpy value f
indication that the results mg§:

10.6 The value of Rpg
variation that can be expg
the same material by di
ness testers on different
made under these conditio

Al. VERIFICATION OF

Al.1 Scope

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

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,
depth measuring system, machine hysteresis, and testing cycle.

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

A1.1.4 The daily verification is a process for monitoring the
performance of the testing machine between indirect verifica-
tions by means of standardized test blocks.

A1.1.5 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.

han the others, significantly affecting the overall
gighat scale. The results from all of the other scales
B¢ reasonable.

Bias—There are no recognized standards by which to

setals; Rockwell

SANNEXES
difdatory Information)

ROCKWELL HARDNESS TESTING MACHINES

Al.2 General Requirements

Al1.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified in Table Al.1,
and when circumstances occur that may atfect the performance
of the testing machine.

A1.2.2 The temperature at the verification site shall be
measured with an instrument having an accuracy of at least
*£2.0°Cor £3.6 °F. Itis recommended that the temperature be
monitored throughout the verification period, and significant
temperature variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a
daily verification or when qualifying additional user’s indent-
ers in accordance with A1.4.10.

A1.2.3 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.
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TABLE A1.1 Verification Schedule for a Rockwell
Testing Machine

TABLE A1.2 Tolerances on Applied Force for a Rockweil
Testing Machine

Force Tolerance
kgt N kgt N
10 98.07 0.20 1.96
60 588.4 0.45 4.41
100 980.7 0.65 6.37
150 1471 0.90 8.83
3 29.42 0.060 0.589
15 1471 0.100 0.981
30 294.2 0.200 1.961
45 4413 0.300 2.963
A1.3.3 Verification of the Depth Measuring System—The

depth measuring system shall be verified by means of an
instrument, device or standard having an accuracy of at least
0.0002 mm.

1.3.3.1 Verify the testing machine’s depth measurement
i, at not less than four evenly spaced increments covering

it ange of the normal working depth measured by the

¢. The normal working depth range shall corre-
¢ lowest and highest hardness values for the

Verification Schedule
Procedure
Direct When a testing machine is new, or when adjustments,
verification modifications or repairs are made that could affect the
application of the test forces, the depth measuring system, or
the machine hysteresis.
When a testing machine fails an indirect verification (see
A1.4.9.4).
Indirect Recommended every 12 months, or more often if needed.
verification Shall be no longer than every 18 months.
When a testing machine is installed or moved, [only a partial
indirect verification is performed by following t rocedure
given in A1.4.7 for verifying the as-found cong ndirect
vetification is not required after moving a pe ovable
Rockwell hardness testing machine (see &: iand
5.8).
Following a direct verification.
To qualify an indenter that was not v 5
verification, (only a partial indirect vé
see A1.4.10).
Daily Required each day that hardness SiHre to be made.
verification Recommended whenever the inde fanvil, or test force is i
changed. st
A1.2.4 Direct verificati el
testing machines shal place of

manufacture, rebuild o

gagion may also be

cales that will be tested.

The indentation-depth measuring device shall be
£ within =0.001 mm for the regular Rockwell hardness
nd *£0.0005 mm for the Rockwell superficial hardness
scaies These accuracies correspond to 0.5 hardness units.

performed at the locagiom:etis

A1.2.5 Indirect
performed at the kgag
Note Al.1—1It is recd
to conduct the verificatio
accredited to the requirements:
accrediting body recognized by
Cooperation (ILAC) as operating to the requi

A1.3 Direct Verification

A1.3.1 A direct verification of the €%
performed at specific instances in accordancé
The test forces, depth-measuring system, mad
and testing cycle shall be verified as follows.

Note Al.2—Direct verification is a useful tool for determining the
sources of error in a Rockwell hardness testing machine. It is recom-
mended that testing machines undergo direct verification periodically to
make certain that errors in one component of the machine are not being
offset by errors in another component.

A1.3.2 Verification of the Test Forces—For each Rockwell
scale that will be used, the corresponding test forces (prelimi-
nary test force at loading, total test force, and preliminary test
force during elastic recovery) shall be measured. The test
forces shall be measured by means of a Class A elastic force
measuring instrument having an accuracy of at least 0.25 %, as
described in Practices E74.

Al.3.2.1 Make three measurements of each force. The
forces shall be measured as they are applied during testing.

A1.3.2.2 Each preliminary test force F, and each total test
force F shall be accurate to within the tolerances given in Table
A1.2, and the range of the three force measurements (highest
minus lowest) shall be within 75 % of the tolerances of Table
Al.Z.

‘shall be
iable Al
€ hysteresis,

10

Al3 3 3 Some testing machines have a long-stroke depth
ion of the working range of
epending on the thickness
sting machine shall have a
the depth measuring device
and free from dirt or other
its accuracy. These types of

(1) At the approximate top, mid point, and bottom of the
total stroke of the measuring device, verify the accuracy of the
device at no less than four evenly spaced increments of
approximately 0.05 mm at each of the three locations. The
accuracy shall be within the tolerances defined above.

(2) Operate the actvator over its full range of travel and
momnitor the electronic continuity detection system. The system
shall indicate continuity over the full range.

Al1.34 Verification of Machine Hysteresis—Each time a
Rockwell hardness test is made, the testing machine will
undergo flexure in some of the machine components and the
machine frame. If the flexure is not entirely elastic during the
application and removal of the additional force F, the testing
machine may exhibit hysteresis in the indenter-depth measure-
ment system, resulting in an offset or bias in the test result. The
goal of the hysteresis verification is to perform a purely elastic
test that results in no permanent indentation. In this way, the
level of hysteresis in the flexure of the testing machine can be
determined.

Al.34.1 Perform repeated Rockwell tests using a blunt
indenter (or the indenter holder surface) acting directly onto the
anvil or a very hard test piece. The tests shall be conducted
using the highest test force that is used during normal testing.
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A1.3.42 Repeat the hysteresis verification procedure for a
maximum of ten measurements and average the last three tests.
The average measurement shall indicate a hardness number of
130 = 1.0 Rockwell units when Rockwell ball scales B, E, F,
G, H and K are used, or within 100 £ 1.0 Rockwell units when
any other Rockwell scale is used.

AL.3.5 Verification of the Testing Cycle—Section 7 specifies
the Rockwell testing cycle by stating requirements and recom-
mendations for five separate parameters of the cycle. The
testing machine shall be verified to be cap, of meeting the
tolerances specified in Table 3 for the fo
parameters: the dwell time for prelimi
application of additional force, the d
and the dwell time for elastic reco
indenter contact velocity is a rec
cation of the testing cycle is to
machine manufacturer at the time

igrified by‘t é testing

TABLE A1.3 Maximum Allowable Repeatability and Error of
Testing Machines for Ranges of Standardized Test Blocks

nanufacture, and whe

the testing machine is returned to

before the implemeng

the direct verificatig

the test cycle vg
machines m
unless the tesk
repair.

A1.3.6 Direct Veri

requiremnt
before the

entatlon of EiS 07
1e manufagturer for

forces, depth measuring system,
cycle may have been affected by
affected components shall be verifie
tion.

A1.3.7 An indirect verification shall O
direct verification.

Br repair, the
¥direct verifica-

How a successful

Al.4 Indirect Verification

Al1.4.1 An indirect verification of the testing machine shall
be performed, at a minimum, in accordance with the schedule
given in Table Al.1. The frequency of indirect verifications
should be based on the usage of the testing machine.

Al.4.2 The testing machine shall be verified for each
Rockwell scale that will be used prior to the next indirect
verification. Hardness tests made using Rockwell scales that
have not been verified within the schedule given in Table Al.1
do not meet this standard.

Al1.4.3 Standardized test blocks meeting the requirements
of Annex A4 (see Note 4) shall be used in the appropriate
hardness ranges for each scale to be verified. These ranges are
given in Table A1.3. Hardness measurements shall be made
only on the calibrated surface of the test block.

Range of Standardized MaXImgm Maximum

Test Blocks® Repeatabl}llty, R Error, ‘E

(HR units) (HR units)
HRA < 70 2.0 +1.0
= 70 and < 80 15 +1.0
= 80 1.0 + 0.5
HRBW < 60 2.0 +25
= 60 and < 88 1.5 +25
= 88 15 +1.0
HRC <35 2.0 +1.0
= 35 and < 60 15 +1.0
= 60 1.0 +0.5
HRD < 51 2.0 +1.0
=51 and < 71 1.5 +1.0
=71 1.0 + 0.5
HREW <84 15 +1.0
=84 and < 93 15 +1.0
=03 1.0 +1.0
HRFW < 80 15 +1.0
= 80 and < 94 15 +1.0
" =94 1.0 +1.0
HREW < 55 2.0 +1.0
i = 55 and < 80 2.0 +1.0
= 80 2.0 +1.0
BERE <96 2.0 +1.0
....... =96 2.0 +1.0
HREKW <65 1.5 £1.0
= 65 and < 85 1.0 +1.0
1.0 +1.0
2.0 +1.0
2.0 +1.0
2.0 +1.0
2.0 +1.0
2.0 +1.0
2.0 +1.0
2.0 +1.0
15 +1.0
1.0 +0.7
2.0 +1.0
1.5 £1.0
1.0 +0.7
< 37 2.0 +1.0
= 37 and < 66 15 + 1.0
= 66 1.0 £07
HR15TW < 81 2.0 +15
= 81 and < 87 1.5 +1.0
= 87 15 +1.0
HR30TW < 57 2.0 +15
= 57 and < 70 15 +1.0
=70 1.5 +1.0
HR45TW < 33 2.0 +15
= 33 and < 53 15 +1.0
= 53 15 +1.0
HR15WW?& 2.0 +1.0
HR30WW? 2.0 +1.0
HR45WW# 2.0 +1.0
HR15XW?Z 2.0 +1.0
HR30XW? 2.0 +1.0
HR45XW? 2.0 +1.0
HR15YW? 2.0 +1.0
HR30YW? 2.0 +1.0
HR45YW? 2.0 +1.0

A The user may find that high, medium and low range test blocks are unavailable
commercially for some scales. In these cases one or two standardized blocks
where available may be used. It is recommended that all high range test blocks for
Rockwell scales using a ball indenter should be less than 100 HR units.

B Appropriate ranges of standardized test blocks forthe L, M, P, R, S, V, W, X, and
Y scales shall be determined by dividing the usable range of the scale into two
ranges, if possible.
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A1.43.1 The results of an indirect verification shall comply
with the current values specified in Table A1.3 regardless of
any maximum error £ value marked on the test block (see Note
8).

Al.4.4 The indenters to be used for the indirect verification
shall meet the requirements of Annex A3 (see Note 3).

Al1.45 The testing cycle to be used for the indirect verifi-
cation shall be the same as is typically used by the user.

A1.4.6 Prior to performing the indirect verification, ensure
that the testing machine is working freely, and thagihe indenter
and anvil are seated adequately. Make at lea
measurements on a suitable test piece to seat,
anvil. The results of these measurements negifs

A14.7 As-found Condition:

Al4.7.1 It is recommended that the
the testing machine be assessed as part ¢
tion. This is important for documenting
mance of the machine in the scales used; ‘:’5'
verification. This procedure should be ¢

cleaning, maintenance, adlustments

ranges that are available. Also, the testing machine shall be
verified on another Rockwell scale which uses the same test
forces and for which three blocks are available. In this case, the
testing machine is considered verified for the entire Rockwell
scale.

(2) Alternative Procedure 2—This procedure may be used
when standardized blocks from two ranges are available. The
testing machine shall be verified using the standardized blocks
from the two available ranges. In this case, the testing machine
is considered verified for only the part of the scale bracketed by
the levels of the blocks.

A1.4.9.2 On each standardized test block, make five mea-
surements distributed uniformly over the test surface. Deter-
mine the error E and the repeatability R in the performance of
the testing machine using Eq 2 and Eq 3 for each hardness level
of each Rockwell scale to be verified.

A1.4.9.3 The error E and the repeatability R shall be within
theifslerances of Table A1.3. The indirect verification shall be
only when the testing machine measurements of
and error meet the specified tolerances using at
fie user’s indenters.

iIn the case that the testing machine cannot pass the

Al14.72 When the as- fourwI 63
chine is assessed, it shalliifigiik
indenter(s) that are norma
least two standardized:ifg
hardness range as deh, S

be tested for ;

fy and error verifications with the user’s indenter, a
corrective actions may be attempted to bring the
achine within tolerances. These actions include clean-

ianid maintenance, replacing the anvil or using another of

Heliser’s indenters. The indirect verification procedures shall

each Rockwell scale
difference in hard
blocks shall be at 8%
scale.

A1.4.73 Oneach stand
measurements distributed umformly oV

A14.7.4 Determine the repeatability
2 and Eq 3) in the performance of the te§f
standardized test block that is measured

A1475 The error E and the repeatdbi
within the tolerances of Table A1.3. If the calGil:
error E or repeatability R fall outside of
tolerances, this is an indication that the hardness tests made
since the last indirect verification may be suspect.

dardized test

2 hould be
<l values of

A1.4.8 Cleaning and Maintenance—Perform cleaning and
routine maintenance of the testing machine (when required) in
accordance with the manufacturer’s specifications and instruc-
tions.

A1.4.9 Indirect Verification Procedure—The indirect verifi-
cation procedure requires that the testing machine be verified
using one or more of the user’s indenters.

A1.4.9.1 One standardized test block shall be tested from
each of the hardness ranges (usually three ranges) for each
Rockwell scale to be verified, as given in Table A1.3. The
difference in hardness between any of the standardized test
blocks shall be at least 5 hardness points for each Rockwell
scale. The user may find that high, medium and low range test
blocks are unavailable commercially for some scales. In these
cases, one of the following two procedures shall be followed.

(1) Alternative Procedure 1—The testing machine shall be
verified using the standardized blocks from the one or two

rification. Thei#

be repeated after making the allowed corrective actions.

#fails indirect verification, it is
e verified again using a Class A
sind. hardness levels that failed the
enter. If the testing machine passes
ass A indenter, it is an indication
; ¢ A new indenter may be acquired
by the user as a correctlve actigi*(seeA1.4.9.4) allowing the indirect
verification procedures to be repeated without having to perform a direct
verification. If the testing machine continues to fail the repeatability or
error tests of an indirect verification with the Class A indenter, it is an
indication that there is a problem with the machine and not the user’s
indenter.

A1.4.9.5 If the testing machine continues to fail the repeat-
ability or error tests following corrective actions, the testing
machine shall undergo adjustment and/or repair followed by a
direct verification.

A1.4.10 Qualifyving Additional User’s Indenters—In cases
where the testing machine passes indirect verification using
only one of the user’s indenters, only that one indenter is
considered verified for use with the specific testing machine for
the Rockwell scales that were indirectly verified using that
indenter. Before any other indenter may be used for testing the
same Rockwell scales, it must be verified for use with the
specific verified testing machine. This requirement does not
apply to changing an indenter ball. The indenter verifications
may be made at any time after the indirect verification, and
may be performed by the user as follows.

A1.4.10.1 The testing machine and indenter shall be verified
together using the indirect verification procedures of A1.4.9
with the following exception. The verification shall be per-
formed on at least two standardized test blocks (high and low
ranges) for each Rockwell scale that the indenter will be used.
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A1.4.10.2 The indenter may be used with the specific
verified testing machine only when the verification measure-
ments of repeatability and error meet the specified tolerances.

Al4.11 The user shall identify and keep track of the
indenters verified for use with the testing machine.

A1.5 Daily Verification

Al1.5.1 The daily verification is intended for the user to
monitor the performance of the testing machine between
indirect verifications. At a minimum, the daily verification shall
be performed in accordance with the schedule given in Table
ATl for each Rockwell scale that will be used.

AL5.2 Itis recommended that the daily verificagiizizo
dures be performed whenever the indenter, anvil, geitEsEHIOR

is changed.

A1.5.3 Daily Verification Procedures—Thegi§

use when performing a daily verification a

A1.5.3.1 Daily verification shall use
block(s) that meet the requirements of Ann

given in Table A1.3, the above requirement for error £ will be
met for that block and it is not necessary to calculate £ ,
however R shall still be calculated.

Al1.5.3.6 If the daily verification measurements for any of
the test blocks do not meet the criteria of A1.5.3.5, the daily
verification may be repeated with a different indenter or after
cleaning the tester, or both (see the manufacturer’s instruc-
tions). If any of the test block measurements continue to not
meet the criteria of A1.5.3.5, 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.

A1.5.3.7 If the anvil to be used for testing is different than
the anvil used for the daily verification, it is recommended that
the daily verification be repeated on an appropriate part of
known hardness.

Note A1.5—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.

available), one higher and o
that the testing machine is ¢
the configuration of the g
testing of blocks, a sui
block must be used tef#j
Al1532 The indenter’ ’taz) Bt

A1.5.3.3 Before performmg ‘the daily §
ensure that the testing machine is working
indenter and anvil are seated adequately.
hardness measurements on a suitable test pig
these measurements need not be recorded.
A1.5.34 Make at least two hardness measureisigs
of the daily verification test blocks adhering to fl&spacing
requirements given in 7.9. ‘

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

A1.5.3.5 Foreach test block, calculate the error E (see Eq 2)
and the repeatablhty R (see Eq 3) from the measured hardness
values. The testing machine with the indenter is regarded as
performing satisfactorily if both E and R for all test blocks are
within the maximum tolerances given in Table A1.3. Note that
if the differences between the individual hardness values and
the certified value for a test block are all within the maximum
error E tolerances marked on the test block (see Note 8) and

Heference to this ASTM test method.
2 Identification of the hardness testing machine,

mended that the uncertainty in ‘the calculated results used to
determine whether the testing machine meets the requirements
of the verification performed also be reported.

A1.6.2.6 Description of adjustments or maintenance done to
the testing machine, when applicable.

A1.6.2.7 Date of verification and reference to the verifying
agency or department.

A1.6.2.8 Identification of the person performing the verifi-
cation.

A1.6.3 Indirect Verification:

A1.6.3.1 Reference to this ASTM test method.

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

A1.6.3.3 Identification of all devices (test blocks, indenters,
etc.) used for the verification, including serial numbers and
identification of standards to which traceability is made.

A1.6.3.4 Test temperature at the time of verification (see
A12.2).

A1.6.3.5 The Rockwell hardness scale(s) verified.

A1.6.3.6 The individual measurement values and calculated
results used to determine whether the testing machine meets
the requirements of the verification performed. Measurements
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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.

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

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

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

A2. ROCKWEELEA:

A2.1 Scope

A2.1.1 Annex A2 specifies the requiés
capabilities, usage penodlc verlﬁcatlon ang

A1.6.4 Daily Verification:

A1.6.4.1 No verification report is required; however, it is
recommended that records be kept of the daily verification
results, including the verification date, measurement results,
certified value of the test block, test block identification, and
the name of the person that performed the verification, etc. (see
also Note A1.5). These records can be used to evaluate the
performance of the hardness machine over time.

%:STANDARDIZING MACHINES

greater than 0.002 mm/mm (0.002 in./in.). This characteristic
of the standardizing machine i not likely to vary with time As

teresis. A Rockwell standardizi
standardization of Rockwell h=
Annex A3, and for the standgst
as described in Annex A4 4

A2.1.2 Adherence to,
ability to national stand:

iitest blocks

vide trace-

A2.2 Accreditation

A2.2.1 The agency conducti g:,z-..

cations of Rockwell hardness standardizin
accredited to the requirements of ISO 1702
by an accrediting body recognized by the
ratory Accreditation Cooperation (ILAC) 4§
requirements of ISO/IEC 17011. An agen
perform verifications of Rockwell hardness stand3
chines may perform the verifications of its own standardizing
machines. The standardizing laboratory shall have a certificate/
scope of accreditation stating the types of verifications (direct
and/or indirect) and the Rockwell scales that are covered by the
accreditation.

A2.3 Apparatus

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

A23.1.1 The standardizing machine shall be designed so
that; (/) each test force can be selected by the operator, and (2)
adjustments to test forces cannot be made by the operator.

A2.3.1.2 The system for displaying the hardness measure-
ment value shall be digital with a resolution of 0.1 Rockwell
units or better.

A2.3.1.3 Deviation in parallelism between the indenter
mounting surface and the anvil mounting surface shall not be

h of the five components
ufacture, or when the
ufacturer for repair.
fimal portion of the addi-
Hled. Two recommended
additional force are as
i ity v, (see Fig. 2) during
the ﬁnal 40 % of additional force application should be
between 0.020 mm/s and 0.040 mm/s, or (2) the amount of
force applied during the final 10 % of the additional force
application time should be less than 5 % of the additional force.

A2.3.1.7 During the period between verifications, no adjust-
ments may be made to the force application system, the force
measurement system, the indenter depth measurement system,
or the test cycle that is used for each Rockwell scale.

A2.4 Laboratory Environment

A24.1 The standardizing machine shall be located in a
temperature and relative-humidity controlled room with toler-
ances for these conditions given in Table A2.2. The accuracy of

TABLE A2.1 Testing Cycle Requirements

Test Cycle Parameter Tolerance
Indenter contact velocity, v, =1.0 mm/s
Dwell time for preliminary force, - (when the time to apply 3.0+£10s
the preliminary force Iy = 1 s, then calculate this parameter

toa

as 2+ tp)
Additional force application, 7y (see A2.3.1.6) 1.0t080s
Dwell time for total force, t2 50+10s
Dwell time for elastic recovetry, tp 40+1.0s
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TABLE A2.2 Standardization Laboratory Environmental
Requirements

Environmental Accuracy of

Parameter Tolerance Measuring Instrument
Temperature 23.0+3.0°C +1.0°C
(73.4 £ 5.4 °F) (1.8 °F)
Relative humidity =70 % +10 %

the temperature and relative-humidity measuring ing
shall be as given in Table A2.2. The display of the ¢
measuring device shall have a resolution of at leaBii
A2.4.2 The temperature and relative-humidiigigt:
dardizing laboratory shall be monitored begini gl
hour prior to standardization and throughoug
procedure. '

A2.43 The standardizing machine ind”z‘::

A2.6 Periodic Verification Procedures

A2.6.1 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 specifications and in-
structions.

A2.6.2 Direct Verification—Perform a direct verification of
the standardizing machine in accordance with the schedule
given in Table A2.3. The test forces, depth measuring system,
and machine hysteresis shall be verified.

A2.6.2.1 Verification of the Test Forces—For each Rockwell
scale that will be used, the associated forces (preliminary test
force, total test force, and test force during elastic recovery)
shall be measured. The test forces shall be measured by means
s AA elastic force measuring instrument having an
f. at least 0.05 %. as described in Practices E74.
fake three measurements of each force. The

gasured as they are applied during testing.

the tolerances of Table A2.2 for at least one_h":,?;

preliminary test force F,, and each total test

standardization.

ccurate to within 0.25 % in accordance with

ing machine shall be isolate
affect the measurements.

A2.4.5 The power suppl
be isolated from any ¢l
performance.

fEgchine shall
ik affect its

A2.5 Verifications

A2.5.1 The standardizing i
indirect verifications at periodic intervals i
stances occur that may affect the performan
izing machine, according to the schedule gi

S direct i

A2.5.2 A standardizing machine used f&#
tion of test blocks shall undergo monitoring V&
day that standardizations are made, according t
given in Table A2.3.

A2.5.3 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.

A2.54 The standardizing machine shall be directly and
indirectly verified at the location where it will be used.

TABLE A2.3 Verification Schedule for a Rockwell Hardness
Standardizing Machine

Verification Schedule

Procedure

Direct Shall be every 12 months.

verification When a standardizing machine is new, moved, or when
adjustments, modifications or repairs are made that could
affect the application of the test forces, the depth measuring
system, or the machine hysteresis.

Indirect Shall be within 12 months prior to standardization testing.

verification Following a direct verification(limited number of scales).

Monitoring Shall be before and after each lot is standardized, and at the

verification end of each day and the start of the following day when a

single lot is standardized over multiple days.

'Veriﬁcati(m of the Depth Measuring System—The
asuring system shall be verified by means of an
t having an accuracy of at least 0.0001 mm.

A2.6‘2.6 For testing machiné§ with long stroke actuators
and fixed anvils, the depth measurement verification shall be
repeated at positions corresponding to each thickness of test
block that will be standardized or that will be used for indenter

calibrations.

A2.6.2.7 The indentation depth measuring device shall have
an accuracy of at least 0.0002 mm over the normal working
depth range which corresponds to 0.1 regular Rockwell hard-
ness units and 0.2 Rockwell Superficial hardness units.

A2.6.2.8 Verification of Machine Hysteresis—Most Rock-
well hardness machines will undergo flexure in the machine
frame and some machine components each time a test is made.
If the flexure is not entirely elastic during the application and
removal of the additional force F, the testing machine may
exhibit hysteresis in the indenter depth measuring system,
resulting in an offset or bias in the test result. The goal of the

TABLE A2.4 Tolerances on Applied Force for the
Standardizing Machine

Force, kgf (N) Tolerance, kgf (N)

10 (98.07) 0.025 (0.245)
60 (588.4) 0.150 (1.471)
100 (980.7) 0.250 (2.452)
150 (1471) 0.375 (3.678)
3 (29.42) 0.008 (0.074)
15 (147.1) 0.038 (0.368)
30 (294.2) 0.075 (0.736)
45 (441.3) 0.113 (1.103)

15
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hysteresis verification is to perform a purely elastic test that
results in no permanent indentation. In this way, the level of
hysteresis in the flexure of the testing machine can be deter-
mined.

A2.6.2.9 Perform repeated Rockwell tests using a blunt
indenter (or the indenter holder surface) acting directly onto the
anvil or a very hard test piece. The tests shall be conducted on
a Rockwell scale having the highest test force that is used for
normal standardizations.

A2.6.3.2 Standardized test blocks shall be used in the
appropriate hardness ranges for each scale to be verified. These
ranges are given in Table A2.6. The standardizing testing
machine shall not be adjusted during the indirect verification
procedures.

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

. . Range of Standardized Maximum Maximum
A2.6.2.10 Repeat the hysteresis tests for a mgximum of ten gTest Blocks Repeatability, B Error, E
measurements and average the last three testiiThe average (HR units) (HR units)
measurement shall indicate a hardne within HRA ?g Eg ;32 ;-2 fg-g
130 £ 0.3 Rockwell units when Rockwell, E, F, 80 1o 84 05 .03
G, H and K are used, or within 100 = 0.3, swhen HRBW 40 to 59 1.0 £0.7
any other Rockwell scale is used. AR o7 £o0
A2.6.2.11 Direct Verification Fail HRC 20 10 30 10 £ 05
verifications fail the specified requiref} i the standal 3510 55 0.7 £05
60 to 65 0.5 0.3
machine shall not be used until it is agd 4010 48 10 L 05
1€Ht of 51 fo 67 0.7 +0.5
71t075 0.5 +0.3
B 70 to 79 0.7 05
84 to 90 0.7 +0.5
93 to 100 0.5 05
60 to 75 0.7 +05
means Qf standardlged' 80 to 90 0.7 05
performing standardiz 94 to 100 0.5 +05
rect verification of th gg Eg ?g 1'8 ig'g
ShaH be made erhn}: } 80 to 94 1:0 + 0:5
selected number gf K 80 to 94 1.0 05
96 to 100 1.0 05
gt the time .of th@ o7 tos
indirect verificatio { 0.5 +05
at any time as long a 0.5 0.5
Table A2.3 prior to stand 1'8 ig'g
A2.6.3.1 Immediately following t PG 1.0 +0.5
direct verifications of a selected nu 1.0 +05
performed to determine the perform 1'8 fg'g
machine at each force level that the 8¢ FE machme is 70 to 77 1.0 £05
capable of applying. An example of an rification for 78 10 88 0.7 £05
L . : Y s 90 to 92 0.5 +0.4
a.stan(.iardlzmg mapchme capable of applyin Force levels is HR30N 42 10 50 10 +05
given in Table A2.5. It is recommended that Rogkwell scales be 55 to 73 0.7 0.5
chosen that will also verify each indenter that will be used. RSN ;g EO gf ?-g = g-‘;
. . . 103 B + U,
When national primary standardized test blocks (see Note 37 1o 61 07 .05
A2.1) are available, they should be used for the periodic 66 to 72 0.5 £0.4
indirect verification. HR15TW 74 10 80 1.0 +07
81 to 86 0.7 £0.5
Note A2.1—Primary standardized test blocks are certified at the 8710 93 07 05
national standardizing laboratory level. In the United States, the national HR30TW 43 to 56 1.0 =07
Rockwell hardness standardizing laboratory is the National Institute of % :2 2;9; g; zgg
Standards and Technology (NIST), Gaithersburg, MD 20899. HRA5TW 1310 32 10 0.7
33to 52 0.7 05
53 to 73 0.7 £0.5
TABLE A2.5 Suggested Rockwell Scales for the Indirect HR‘5WW2 1.0 0.5
Verification of Machines Capable of Performing Both Regular and :gzgww“ l'g * g'g
Superficial Scale Tests and that Will Use Only Diamond and ' ) =5
1/16 in. (1.588 mm) Diameter Carbide Ball indenters HR15XW 10 05
AR HR30XWA 1.0 £0.5
Preliminary Force Total Force Indenter Rockwell HR45XWA 1.0 +05
kgf (N) kgf (N) Type Scale HR15YWA 1.0 £05
A
10 (98.07) 60 (588.4) diamond ARA gﬁzgzm 1'8 = g'g
10 (98.07) 100 (980.7) Yhe in. ball HRB : =2
10 (98.07) 150 (1471) diamond HRC A Appropriate ranges of standardized test blocks forthe L, M, P, R, S, V, W, X, and
3 (29.42) 15 (147.1) diamond HR15N Y scales shall be determined by dividing the usable range of the scale into two
3(29.42) 30 (294.2) Ve in. ball HR30T ranges, high and low. Standardized test blocks for the R and S scales may be
3 (29.42) 45 (441.3) diamond HR45N available at only one hardness level.

16
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A2.6.3.3 The indenter(s) to be used for the indirect verifi-
cation shall be the same indenter(s) that will be used for future
standardizations. If more than one indenter will be used for the
same hardness scale, an additional verification shall be made
for each indenter.

A2.6.3.4 The test cycle to be used for the indirect verifica-
tion should be the same as the test cycle used by the
standardizing laboratory when calibrating the standardized test
blocks.

A2.6.3.5 Prior to testing the standardized test blocks, ensure
that the testing machine is working freely, and that the indenter
and anvil are seated adequately. Make at least two hardness
measurements on a uniform test piece for the scale to be
verified. The results of these measurements needinot be
recorded.

A2.6.3.6 On each standardized block, make ;

hardness measurements distributed uniformly ox&

of the block.

A2.63.7 Error—Using Eq 2, determine £
performance of the standardizing machine
ized test block that is measured. The error '3
tolerances of Table A” 6

measurement system, or depth measuring system may be made.
The indirect verification procedures may be repeated after
making the allowed corrective actions. If the standardizing
machine continues to fail the repeatability or error tests
following corrective actions, the standardizing machine must
undergo adjustment and/or repair followed by a direct verifi-
cation.

A2.6.3.10 It is recommended that immediately following
the successful completion of an indirect verification, user test
blocks are calibrated for use as monitoring blocks as outlined
in A2.7.

A2.7 Monitoring Verification

A2.7.1 This section describes the monitoring procedures for
a standardizing hardness machine used for the standardization
of test blocks, and the calibration and use of monitoring test
blocks.

A2.7.2 The standardizing laboratory shall monitor the per-
.0f a standardizing machine used for the standardiza-
hlocks between periodic direct and indirect verifi-
Pelforming monitoring verifications each day that
are made, according to the schedule given in

toring verifications are indirect verifications

R shall be within the tolerance
repeatability is outside the tol

may be determined again
surements on each standa

3). A pattern such as i
The close proximity of t

of test block non-uniformity:

A2.6.3.9 If any of the errong

ments fall outside of the specified tolerance
machine shall not be considered to have
verification. A number of corrective action
to bring the standardizing machine within
actions include cleaning and maintenance o
anvil. No adjustments to the force application

Closest
spacing
allowed

FIG. A2.1 Suggested Pattern for Repeatability Measurements

th monitoring test blocks that bracket the stan-

‘The standardizing laboratory should track the per-
fife of the standardizing machine using conftrol-charting

A2.7 4:%
phys1ca1

1) and the uniformity
A4 shall be used. The
each of the appropriate
hardness ranges of each hardness scale that will be used. These
ranges are given in Table A2.6. It is to the advantage of the
laboratory to use test blocks that exhibit high uniformity in
hardness across the test surface. The laboratory may, in all
cases, perform the monitoring tests using primary standardized
test blocks.

A2.7.5 Procedure for Calibrating Monitoring Test Blocks—
Monitoring test blocks for a specific Rockwell scale shall be
calibrated by the standardizing laboratory following an indirect
verification of the scales for which monitoring blocks will be
calibrated. An adequate number of monitoring blocks should
be calibrated for each hardness scale and hardness level. The
number of blocks required is dependent on each laboratory’s
needs and experience.

A2.7.5.1 Prior to calibrating the monitoring test blocks,
ensure that the testing machine is working freely, and that the
indenter and anvil are seated adequately. Each time the
hardness scale is changed, make at least two hardness mea-
surements on a uniform test piece for the scale to be verified.
The results of these measurements need not be recorded.
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A2.7.52 Make at least five measurements distributed uni-
formly over the surface of one of the monitoring test blocks.
Repeat this procedure, as required, for the quantity of blocks
needed at the appropriate ranges of each Rockwell scale.

A2.7.53 For each of the monitoring test blocks, let #,, be
the average of the calibration values as measured by the
standardizing machine. The value of H,, may be corrected for
the error E that was determined for that Rockwell scale and
hardness level as a result of the indirect verification.

A2.7.6 For each monitoring block. the following informa-
tion shall be recorded and retained for at least the tiy
during which the monitoring block calibration is vigli

A2.7.6.1 Serial number.

A2.77.6.2 Calibrated hardness value, H,,.

A2.7.6.3 Date of calibration.

gigled that con”
0 monitor the

A2.7.7 Monitoring Methods—It is reconi
trol charts or other comparable methods be
performance of the standardizing machin

tween venﬁgax .

A2.7.8.6 If any of the error £ measurements or the repeat-
ability R measurements fall outside of the specified tolerances,
the standardizing machine shall not be considered to have
passed the monitoring verification, and shall not be used for
standardizations. A number of corrective actions may be
attempted to bring the standardizing machine within toler-
ances. These actions include cleaning and maintenance or
replacing the anvil. No adjustments to the force application
system, force measurement system, or depth measuring system
may be made. The monitoring verification procedures may be
repeated after making the allowed corrective actions. If the
standardizing machine continues to fail the error tests follow-
ing corrective actions, the standardizing machine must undergo
adjustment and/or repair followed by a direct verification.

A2.7.8.7 Whenever a standardizing machine fails a moni-
toring verification, the standardizations made since the last
valid monitoring verification may be suspect.

#8.8 Examine the measurement data using control
; _@_mer monitoring systems that are being used (sce
fE:the monitoring verification data indicates that

tions. Control charts provide a method fori

:machine is within control parameters, stan-

statistical control. There are many publicationg:

discuss the design and use of control.g

fconsidered to be valid.

“Manual on Presentation of Dagi;
6th Edition,” prepared by G
Statistics. The standardizing,j;
control charts that best apg

A2.7.8 Monitoring P.
procedures shall be pet
blocks is standardized. W
test blocks spans multiple™diys

onitoring
lot of test

shall be performed at the end O :3 i

ized. In addition, the monitoring procedures =i
whenever the indenter, anvil, or test force i&:Ehin

A2.7.8.1 Atleasttwo monitoring test bloCKs!
the appropriate hardness ranges that bracket th
to be standardized. These ranges are given in Tab
some Rockwell scales (for example, HRR and HRS) there may
be only one monitoring test block that can be used.

A2.7.8.2 Prior to testing the monitoring test blocks, ensure
that the testing machine is working freely, and that the indenter
and anvil are seated adequately. Make at least two hardness
measurements on a uniform test piece for the scale to be
verified. The results of these measurements need not be
recorded. Repeat this procedure each time the hardness scale is
changed.

A2.7.8.3 On each monitoring test block, make at least four
measurements distributed uniformly over the surface of the
block.

A2.7.8.4 Error—Determine the error E (Eq 2) in the perfor-
mance of the standardizing machine for each monitoring test
block that is measured. The error E shall be within the
tolerances of Table AZ2.6.

A2.7.8.5 Repeatability—Determine the repeatability R in
the performance of the standardizing machine (Eq 3) for each
standardized test block that is measured. The repeatability R
shall be within the tolerances of Table A2.6.

‘ontrol chart data should be interpreted by the laboratory
¢xperience. The need for corrective action does not depend

e:;l epends on the history of the
such as increasing the
.akiperforming new direct and

A2.8: 1" Direct Vergjreation:

A2.8.1.1 Reference to this ASTM test method.

A2.8.1.2 Identification of the hardness standardizing
machine, including the serial number, manufacturer and model
number.

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

A2.8.1.4 Test temperature at the time of verification 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
meets the requirements of the verification performed. It is
recommended that the uncertainty in the calculated results used
to determine whether the standardizing machine meets the
requirements of the verification performed also be reported.

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

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

A2.8.1.8 Identification of the person performing the verifi-
cation.

A2.8.1.9 Accreditation certification number.

A2.8.2 Indirect Verification:
A2.8.2.1 Reference to this ASTM test method.
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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.

A2.82.4 Test temperature at the time of verification re-
ported to a resolution of at least 1 °C.

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

A2.8.2.6 The individual measurement values and calculated
results used to determine whether the standardizin
meets the requirements of the verification performed:
ments made to determine the as-found condi

standardizing machine shall be included whe

made. It is recommended that the uncertainty j

results used to determine whether the standardizing machine
meets the requirements of the verification performed also be
reported.

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

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

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

A2.8.2.10 Accreditation certification number.

A2.8.3 Monitoring Verification:

A2.8.3.1 No verification report is required; however, it is
required that records be kept of the monitoring verification
results, see A2.7.8.8.

A3. STAN

A3.1 Scope

A3.1.1 Annex A3 specifies ¢
to manufacture and standardi
conical indenter and Rockw
Rockwell scales.

Norte A3.1—Previous vi

ise with all

iithat diamond

radius in each measmed §6Ct10n;€} 0.

It is believed that diamond indenters meeting

reliably available on the world market at this time

Reference diamond indenters have been temporari
of Class B indenters until such time as indenters havm
become reliably available.

A3.1.2 The Annex covers two levels of ba 'trdenters
designated by this standard as Class B, and Class Al Class B
indenters are intended for every day use with Rockwell
hardness testing machines and for the indirect verification of
Rockwell hardness testing machines in accordance with Annex
Al. Class A indenters are intended for the indirect verification
of Rockwell standardizing machines in accordance with Annex
A2, and for the standardization of test blocks in accordance
with Annex A4.

A3.1.3 The Annex covers three levels of diamond indenters,
designated by this standard as Class B, Class A and Reference
indenters. Class B indenters are intended for every day use
with Rockwell hardness testing machines. Class A indenters
are intended for the standardization of Class B indenters in
accordance with this Annex, and for the standardization of test
blocks in accordance with Annex A4. Reference indenters are
intended for the standardization of Class A indenters.

A3.1.4 This Annex also provides the schedule for verifying
indenters.

A3.1.5 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.

?he agency conducting the standardizations of in-
a’[l be accredited to the requxrements of ISO 17025

f accredltatlon stating
are covered by the

“e"considered to meet this

A33 General Requirements

A3.3.1 The standard Rockwell hardness indenters are the
diamond spheroconical indenter, and tungsten carbide (WC)
ball indenters with diameters of Yis in. (1.588 mm), & in.
(3.175 mm), Y in. (6.350 mm), and Y2 in. (12.70 mm) to be
used for the Rockwell hardness scales as given in Table A3.1.
Steel ball indenters may be used in special circumstances (see

12.h).

A3.3.2 The standardizing laboratory environment, the stan-
dardizing machine, and the standardizing test cycle shall
satisfy the requirements of Annex AZ2.

A3.3.3 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.

A3.3.4 All classes of diamond indenters and ball indenters
shall be verified for correct geometry and performance in
accordance with the schedule specified in Table A3.2.

A3.4 Ball Indenters

A3.4.1 Ball indenters frequently consist of a holder, a cap
and a ball. The standardization process defined in this section
involves the assembled unit. The ball may be changed without
affecting the assembly’s verification provided the ball con-
forms to all the requirements in this section.
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TABLE A3.1 Indenter Types for Specific Rockwell Scales

Note A3.2—Balls that conform to ABMA Grade 24 satisfy the
requirements for size and finish for Class A and Class B as specified in

Scale
Symbol Indenter Type ABMA Standard 10-1989.
HRA Diamond Spheroconical A3.4.3.4 The hardness of a tungsten carbide ball shall not be
HRBW WC Ball - Vis in. (1.588 mm) . . 0
HRO Diamond Spheroconical less) than 1500 HV1 in accordance with Test Method E92 or
HRD Diamond Spheroconical E384.
:ggvv\\ll wg ga:: - Ve in. (5(3-175 mm)) A3.4.3.5 The material of tungsten carbide balls shall have a
all - Vie in. (1.588 mm . 3 . .
+ ;
HRGW WO Ball - Vo in. (1.588 mm) density .Qf 14.8 = 0.2 g/lem”, and the following chemical
HRHW WC Ball - % in. (3.175 mm) composition:
HRKW WC Ball - & in. {3.175 mm) . . .
HRLW WC Ball - ¥ in. (6.350 mm) I:‘Z)tg;;t?gg)carb'des 20 e
. B B o
HRMW WG Bali - va n. (6.350 mm) Tungsten carbide (WC) balance
HRPW WC Ball - % in. (6.350 mm)
HRRW WC Ball - Y2 in. (12.70 mm) A3.4.3.6 The surface hardness of a steel ball shall not be
HRSW WC Ball - %2 in. {12.70 mm) , . . -0
HRVW WG Ball - % in. (12.70 mm) l?ss than 746 HV1 in accordance with Test Method E92 or
HR15N Diamond Spheroconical E384.
SFR{BOE Biamong gpgercconica: """" A3.4.3.7 For the purpose of verifying the requirements of
45 iamond Spheroconical . . N e, s . .
HR15TW WG Ball - Vs in. (1,588 mm) the ball given in A3.4.3, it is considered sufficient to test.a
HR30TW WC Ball - Vis in. (1.588 mm) sample set of balls selected at random from a batch in
HR45TW WC Ball - e in. (1.588 mri accordance with the schedule specified in Table A3.2. The balls
HR15WW WC Ball - ¥ in. (3.175 mm) s
HR30WW WC Ball - % in. (3.175 mm)
HR45WW WC Ball - % in. (3.175 mm
gg;gix wg gz:: - Z“ n 22'228 mm; : ndardizing laboratory may either verify that the
“ V4 . . 3. . . . .
HRABEXW WC Ball - ¥4 in. (6.350 mm) uirements, or obtain a certificate of verifica-
HR15YW WC Ball - %2 in. (12.70.,;mm) i Héll manufacturer.
HR30YW WC Ball - % in, i
HR45YW WC Ball - 14 A3, il Holder—The ball holder shall meet the follow-
fents:
A The material vsed to manufacture the portion of
holder that supports the test force should have a
Indenter Andiimum hardness of 25 HRC.
Type A34472 Th
Class B When an indentegiiging F
diamond
Class A When an indenter is news § an equivalent hardness
diamond wsion is sufficient if the
ocourred hardness:#€sult ig the certified value of the
Reference When an indenter is new. When art block. =
diamond
- ocourrediiii A3.45 Performance Verification of Ball Indenter Holders—
Class A Balls shall be verified for The influence of the ball indenter on the hardness value is not
and dimensions when new. ected N . N
Class B Ball holders shall be verified for damage has occUtEH#This due solely to the previously specified features of the ball, but
ball ball protrusion when new. requirement does not:apply also on characteristics of the ball holder that may vary due to

when simply replacing a ball.)

A3.4.2 One-piece fixed-ball indenters are allowed provided
the indenter meets the same requirements as removable ball
indenters. The manufacturer shall ensure that the method used
to affix the ball to the holder does not affect the dimensions or
properties of the ball.

A3.4.3 Indenter Balls—The balls shall meet the following
requirements:

A3.4.3.1 The mean surface roughness of the ball shall not
exceed 0.00005 mm (2 pin.).

A3.4.3.2 The diameter of Class B balls, when measured at
not less than three positions, shall not differ from the nominal
diameter by more than 0.0025 mm (0.0001 in.).

A3.4.3.3 The diameter of Class A balls, when measured at
not less than three positions, shall not differ from the nominal
diameter by more than 0.0010 mm (0.00004 in.).
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manufacturing procedures. To examine these influences, the
performance of each new Class B and Class A ball holder shall
be verified in accordance with the schedule specified in Table
A32.

A3.4.5.1 The performance verification is accomplished by
making hardness measurements on test blocks meeting the
manufacturing requirements of A4.3 and having been standard-
ized using a standardizing machine which successfully passed
direct verification in accordance with A2.6.2. At least one test
block shall be tested for the Rockwell hardness scale and
hardness range given in Table A3.3, corresponding to the ball
size being verified. Some specially designed Vis in. (1.588 mm)
Class B indenters may not be able to perform tests using the
Rockwell scales required for verification of normal indenters in
Table A3.3. For example, this applies to thin-tip Vie in. (1.588
mm) ball indenters that cannot support HRB scale test forces.
These limited scale indenters may be used provided they are
certified for the scale or scales they are designed to perform by
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TABLE A3.3 Test Blocks to be Used for Class A and Class B Ball
Indenter Performance Verifications and the Maximum Tolerance
on the Performance with Respect to Standardized
Reference Blocks

Ranges of

Ball Size . Class A Class B
. Required Test
in. (mm) Blocks Tolerance Tolerance
V16 (1.588) 20 to 100 HRBW + 0.4 HRBW + 0.8 HRBW
Ya (3.175) 68 to 92 HREW + 0.4 HREW + 0.8 HREW
Ya (6.350) HRLW, HRMW, or +0.4 HR + 0.8 HR
HRPW (any level)
Y2 (12.70) HRRW, HRSW, or +0.4 HR + 0.8 HR

HRVW (any level)

using the test block or blocks for those scales a

Table A3.4. In all cases the test report shall defingighe

scales the indenter is certified to perform.

A3.4.5.2 Prior to the performance verific

the testing machine is working freely, and t
be verified and anvil are seated adequately.
hardness measurements on a uniform test pi
these measurements need not be recorded.

A3.5.2 Geometric Requirements of Class B Diamond In-
denters:

A3.5.2.1 The polished portion of the diamond indenter shall
be free from surface defects (cracks, chips, pits, etc.) when
observed under a 20x magnification. The indenter shall be
polished to such an extent that no unpolished part of its surface
makes contact with the test piece when the indenter penetrates
to a depth of 0.3 mm.

A3.5.2.2 Verification of the following geometric features
shall be made at not less than four approximately equally
spaced full cross-section profiles. For example, four profiles
would be spaced at approximately 45° intervals.

A3.5.2.3 The diamond shall have an included angle of
120 = 0.35° (see Fig. A3.1).

A3.52.4 The tip of the diamond shall be spherical with a
mean radius of 0.200 £ 0.010 mm (see Fig. A3.1). In each
measured section, the radius shall be within 0.200 = 0.015
mm, and local deviations from a true radius shall not exceed
0.002

“NuThe surfaces of the cone and spherical tip shall
g eptial manner. The location where the spherical

A3453 On the standardlzed test block,

more measurements and the calj

A3.4.54 For acceptability, §
tolerances specified in Tabj¢
being verified or Table A
indenter being verified.

A3.4.6 Ball indenters:
removable cap that all§
Indenter caps can be damaged
have to be replaced. When the
the ball indenter assembly shall be perform
use by performing a daily verification acco
The test block used should have a hardness

requirements of Annex Al shall be used for this verification.

A3.5 Class B Diamond Indenters

A3.5.1 Class B diamond indenters are intended for every
day use to perform Rockwell hardness measurements. They
shall be verified for correct geometry and performance in
accordance with the schedule specified in Table A3.2.

TABLE A3.4 Test Blocks to be used for Singular or Limited Scale
Ball Indenter Performance Verifications and the Maximum
Tolerance on the Performance with Respect to Standardized
Reference Blocks

; Ranges of
Ball Size Required Test Tolerance
in. (mm) Blocks
416 (1.588) 67 to 90 HR15TW + 0.8 HR15TW
HR15TW scale
V16 (1.588) 30 to 77 HR30TW + 0.8 HR30TW
HR30TW scale
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or cone angle, the portion of the diamond surface
tween 80 um and 120 pm may be ignored.

A35206 T venfy the 0eomemcal
features shall#

metrical features of the
urement or by measure-
sprovided the accuracy

requirements are met.

A3.5.2.8 When the projection on a screen method is used,
the contour of the diamond projection is compared to lines on
the screen that indicate the dimensional tolerance limits. In this
case, measurement values for the geometrical features are not
required. It is sufficient to state that the features are within
tolerances.

A3.5.3 Performance Verification of Class B Diamond In-
denters:

A353.1 The influence of the diamond indenter on the
hardness value is not due solely to the previously specified
features of the indenter, but also on other characteristics that

Inclutded Cone Angle
120 degrees

o
- ~e
-

/" Spherical ™,
Radius of Curvature’,
0.2 ram !

FIG. A3.1 Diagram of Cross-Sectional View of Spheroconical Dia-
mond Indenter Tip
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TABLE A3.5 Minimum Measuring Instrument Accuracies for
Verifying the Geometrical Features of Class B, Class A and
Reference Diamond Indenters

TABLE A3.6 Test Blocks to be Used Class B Diamond Indenter
Performance Verifications and the Maximum Tolerance on the
Performance Relative to the Class A or Reference Indenter

Geometrical Feature Minimum
Accuracy

Angles 0.1°
Radius 0.001 mm
Straightness of the generatric line 0.001 mm

of the cone
(Class A and Reference indenters
only)

vary due to manufacturing procedures. To
influences, the performance of each Class B
verified by comparison to the performa
Class A or Reference indenter.

A3.5.3.2 Diamond indenters may b¢
limited Rockwell scales as follows: reg
only; superficial Rockwell scales onlyg

Class B
Tolerance
Ranges of as Cotrgpared
Indenter Type Required Test Class A or
Blocks Reference
Indenter
HQ' Hv
Regular Scales Diamond 22 to 28 HRC + 0.8 HRC
60 to 65 HRC + 0.4 HRC
Supetficial Scales Diamond 88 to 94 HR15N + 0.5 HR15N
80 to 69 HR30N + 0.5 HR30N
22 to 29 HR45N + 0.8 HR45N
Combination Regular and 22 to 28 HRC + 0.8 HRC
Superficial Scales Diamond 60 to 65 HRC + 0.5 HRC
88 to 94 HR15N + 0.5 HR15N
60 to 69 HR30N + 0.5 HR30N

also allowed. In all cases the:
scales the indenter is certx

A3533
making hardness me

the testing maching
anvil are seated ad

A3.5.3.5 Using the gualifving inderi
verification procedures of A1.5.3 for théi
levels that will be used for the indenter perfé
tion. If any of the error E measurements or the'
measurements fall outside of the specified tolerances the
standardizing machine shall not be considered to have passed
the verification, and shall not be used for standardization until
the problem is determined and corrections have been made.
Once corrections have been made, the verification procedure
shall be repeated. This verification procedure is required only
at the start of the indenter performance verification.

A3.5.3.6 The following procedures for performance verifi-
cation involve making qualifying hardness tests on test blocks
with a Class A or Reference indenter, then performing verifi-
cation tests on the same blocks with the Class B indenters to be
verified.

A3.5.3.7 Using the qualifving indenter, perform one set of at
least three qualifying tests on each test block from each range
defined in Table A3.6 for the type of indenter to be verified.
Special singular or limited scale indenters (see A3.5.3.2) shall
be certified for use on singular or limited scales using the test
blocks defined in Table A3.7. For example, if an HRA scale
only diamond indenter is desired, the two HRA scale test
blocks defined in the table would be used. If an indenter to be

22

Tolerance
Ranges of as Compared to
ndenter Type Required Test Class A or
i Blocks Refere_nce !Ddenter
i Ho—Hy
HEAScale 61 to 65 HRA + 0.8 HRA
81 to 84 HRA + 0.5 HRA
0:46. HRD + 0.8 HRD
+ 0.5 HRD
+ 0.8 HR15N
*HR15N + 0.5 HR15N
8 HR30N + 0.8 HR30N
HR30N + 0.5 HR30ON

used in the I5N and 30N scales only is desired, then 4 test
blocks would be used, 2 in the 15N scale and 2 in the 30N scale
as defined in the table. Record each test result and the location
of the indentation. Let H, be the average of the qualifying
measurements.

A3.5.3.8 Using the Class B indenter to be verified, perform
verification tests on the test blocks previously tested with the
Class A or Reference indenter. One verification test shall be
made within 6 mm of each qualifying indent. Let H, be the
average of the verifying measurements.

A3.5.3.9 The number of verifying tests that can be made
adjacent to each qualifying test is limited by the requirements
to be within 6 mm of the qualifying indent while adhering to
the indent to indent spacing requirements given in 7.9. To make
additional verifying tests, perform additional qualifying tests
with the Class A or Reference indenter, and repeat the above
verifying procedure. This process may be repeated until there
is no longer space on the test block.

A3.53.10 For acceptability, the difference between the
qualifying and verifying averages, H,— H . shall be within the
tolerances for Class B indenters of 'Iab e A%.é or Table A3.7
for the singular or limited scale indenter being verified.
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A3.6 Class A Diamond Indenters

A3.6.1 Class A indenters are intended to be used for the
standardization of Class B indenters in accordance with this
Annex; the standardization of Rockwell hardness test blocks as
described in Annex A4, and as a troubleshooting tool during
the indirect verification of Rockwell hardness testing machines
in accordance with Annex Al. They are verified for correct
geometry and performance in accordance with the schedule
specified in Table A3.2.

A3.6.1.1 The instrument(s) used to verify the oeomemcal
features shall be capable of measuring to the accuracies ggven
in Table A3.5. :

A3.62 A Class A diamond indenter shall meet &

A3.7 Reference Diamond Indenters

A3.7.1 Reference diamond indenters are intended for the
standardization of Class A diamond indenters. The reference
indenter shall have tighter performance tolerances than Class A
and Class B indenters and shall be verified for performance by
comparison to an indenter recognized as the national reference
indenter(s) of a national Rockwell hardness standardizing
laboratory (see Note A3.3).

Note A3.3—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
Technology (NIST).

A3.7.2 Geometric Requirements of Reference Diamond In-
enters:

A3.7.2.1 Verification of the following geometric features of

manufacture and geometric requirements for a Chiss
mond indenter given in A3.5.2 with the followig

@ Reference diamond spheroconical indenter shall be made at

requirements. See also Note A3.1.

A3.6.2.1 The deviation from straightness of
line of the diamond cone adjacent to the blend sk
0.002 mm over a minimum length of 0.40 mm

! g§§§10t less than elght appr0x1mately equally spaced full cross-

A3.6.2.2 The angle between the axis of the i

axis normal to the seating surface of the mdent

exceed 0.5°. Y

A3.6.3 Class A diamond indentg
tolerances than Class B diamong
of each Class A indenter shall b
performance of a Reference

A3.6.4 Perform the qu
as described in A3.5.3 for#i
that the qualifying measuréig

aimance Verification of Reference Diamond In-

$iThe performance comparison shall be performed
iiial Rockwell hardness standardizing laboratory, and
f Table A3.9.

gverifying measure-
indenter, except that

Reference diamond indenter oftignghi

fall be made using a

range defined in Table A3.8 for the type of i

Jg) on each test block

verified.

A3.6.4.1 For acceptability, the difference ofith

the three qualifying measurements and the averggg:

verifying measurements, H o —H,, shall be withir
specified for Class A diamond indenters in Table

TABLE A3.8 Test Blocks to be Used for Class A Diamond
Indenter Performance Verifications and the Maximum Tolerance
on the Performance Relative to the Reference Indenter

Class A
Tolerance
Ranges of as Compared
Indenter Type Required Test to
Blocks Reference
Indenter
HQ' Hv
Regular Scales Diamond 80 to 83 HRA + 0.3 HRA
22 to 28 HRC + 0.4 HRC
42 to 50 HRC + 0.4 HRC
60 to 65 HRC + 0.3 HRC
Superficial Scales Diamond 88 to 94 HR15N + 0.3 HR15N
60 to 89 HR30N + 0.3 HR30N
42 to 50 HR30N + 0.4 HR45N
22 to 29 HR45N + 0.4 HR45N
Combination Regular and 22 to 28 HRC + 0.4 HRC
Superficial Scales Diamond 60 to 65 HRC + 0.3 HRC
88 to 94 HR15N + 0.3 HR15N
60 to 69 HR30N + 0.3 HR30N

H¥0r. the type of indenter
to be venﬁed‘ S

A3.74.3 For acceptability, the difference of the average of
the five qualifying measurements and the average of the five
verifying measurements, H,—H,, shall be within the tolerance
specified for Reference indenters in Table A3.9 for each test
block used in the verification.

TABLE A3.9 Test Blocks to be Used for Reference Indenter
Performance Verifications and the Maximum Tolerance on the
Performance Relative to a National Reference Indenter

Reference
Indenter
Ranges of Tolerance as
: Compared
Indenter Type Required Test 10 a National
Blocks Reference
Indenter
Ho—Hy
Regular Scales Diamond 22 to 28 HRC + 0.3 HRC
62 to 65 HRC + 0.3 HRC
Superficial Scales Diamond 88 to 94 HR15N + 0.3 HR15N
40 to 48 HR45N + 0.3 HR45N
Combination Regular and 20 to 28 HRC + 0.3 HRC
Superficial Scales Diamond 62 to 65 HRC + 0.3 HRC
88 to 94 HR15N + 0.3 HR15N
40 to 48 HR45N + 0.3 HR45N

23
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A3.8 Marking

A3.8.1 All indenters shall be serialized. When it is not
practical to mark the serial number on the indenter due to size
limitations, the serial number shall be marked on the container.

A3.8.2 Diamond indenters should be marked to indicate the
scales that they are certified to perform. For example, regular
scale diamond indenters may be marked with a “C” and
superficial scale diamond indenters may be marked with an
“N”. Combination indenters may be marked with th_}} a“C”
and an “N”. B

A3.8.3 Single or limited scale indenters shall

indicate the scale(s) they are certified to performg
practical to mark the scale on the indengg

limitations, the scale shall be marked on the :

A3.9 Certificate
A3.9.1 Ball Indenters—Each Class B ail

indenter holder shall have a calibration cemﬁcate

A3.93.1 Reference to this ASTM test method.

A3.9.3.2 Serial number of the indenter.

A3.9.3.3 Date of standardization.

A3.9.3.4 A statement declaring that the indenter meets all of
the geometrical and performance requirements for a Class B
indenter.

A3.93.5 Accreditation agency certification number.

A3.93.6 The scale(s) that the indenter is certified to per-
form when certified for singular or limited scales.

A3.94 Class A Diamond Indenters—Each Class A diamond
indenter shall have a calibration certificate with the following
information:

A3.94.1 Reference to this ASTM test method.

A3.94.2 Serial number of the indenter.

A3 9.4.3 Date of standardization.

: 4iThe results of all geometrical verifications.

(4,

ualifying and verifying performance mea-

following information:

ie hardness levels of the test blocks used.

A39.1.1 Reference to this ASTM

#'performance differences between the Refer-

A3.9.12 Serial number of th

A3.9.1.3 Date of standardi
A39.14 A statement decl
the material hardness, ball g
ments for the particular ¢

A39.2.1 Reterence to this ASTM test mgf
A3.9.2.2 Identification of the lot or batck i
A3.9.2.3 A statement declaring that the bal¥i

quirements for the particular Class of Rockwell ba

A3.93 Class B Diamond Indenters—FEach Class B diamond
indenter shall have a calibration certificate with the following
information:

Hzing indenter and the verified Class A indenter

A3 9 5.2 Date of standardlzaf
A3.9.5.3 The results of all geometrical verifications.
A3.9.5.4 Serial number of the reference indenter.
A3.9.55 All qualifying and verifying performance mea-
surements with the hardness levels of the test blocks used.
A3.95.6 The performance differences between the refer-
ence indenter and the verified Reference indenter H,—H, for
each test block used.

A4. STANDARDIZATION OF ROCKWELL HARDNESS TEST BLOCKS

A4.1 Scope

A4.1.1 Annex A4 specifies the requirements and procedures
for the standardization of Rockwell hardness test blocks that
are traceable to specific Rockwell hardness standards. These
standardized test blocks are to be used for the verification of
the performance of Rockwell and Rockwell superficial hard-
ness testing machines by way of daily verifications and indirect
verifications as described in Annex Al. The standardized test
blocks are also to be used for the monitoring verifications of
Rockwell standardizing machines as described in Annex A2,

24

A4.1.2 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.

A4.2 Accreditation

A4.2.1 The agency conducting the standardizations of test
blocks shall be accredited to the requirements of ISO 17025 (or
an equivalent) by an accrediting body recognized by the
International Laboratory Accreditation Cooperation (ILAC) as
operating to the requirements of ISO/IEC 17011. The standard-
izing agency shall have a certificate/scope of accreditation
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stating the Rockwell hardness scales that are covered by the
accreditation, and the standards to which the test block
standardizations are traceable.

A4.3 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. For quality
control purposes, test blocks should be examined for:fgmoge-

neity and uniformity of surface hardness in accordagiggiwith a

statistically acceptable sampling procedure.

A4.3.2 The test blocks, if of steel, shall be d¢nza

the end of the manufacturing process.

A4.3.3 To assure that material is not remé
surface after standardization, an identifyi
made on the test surface. The mark shall be s
be removed by any method other than remm. ‘al of test_hl

that it can not
ek

Sk

A4.53 The standardization procedure involves making
hardness measurements on the test block surface using the
forces and type of indenter that are appropriate for the hardness
scale.

A4.5.3.1 Make at least five measurements distributed uni-
formly over the test surface.

A4.5.4 Determine the nonuniformity range Hy of the mea-
surements as:

Hy,=H,.— H (A4.1)

min

where:
H

FROX

highest hardness value, and
= lowest hardness value.

A4.54.1 The nonuniformity range Hy of the standardizing
measurements provides an indication of the non-uniformity of
the tesgzhlock hardness. For acceptability, the nonuniformity

: 1 be within the tolerances of Table A4.2.

§randardized value of the test block is defined as

material.

standardization measurements H.

72]

A4.3.4 The standardized test blovckA

¥me cases, a more accurate standardized value

requirements of Table A4.1.

A4.4 General Requirement;

A4.4.1 The standardizingidabgd
dardizing machine, andg it
satisty the requirementg

A4.42 All instrumciig
quired by this Annex sha
national standards where a sy

i, the stan-
cycle shall

ments re; :

" correction

as noted otherwise.

Ad4.5 Standardization Procedure

A4.5.1 A test block is standardized bB#:
average hardness of the test surface to a
hardness standard. Only one surface of the test bl
calibrated. When possible, the test blocks should bé“éilibrated
traceable to national Rockwell standards (see Note A4.1). The
Rockwell standard to which the test blocks are traceable shall

be stated in the certification.

Note A4.1—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
Technology (NIST), Gaithersburg, MD 20899.

Note A4.2—Primary standardized test blocks are available as Standard
Reference Material from NIST, Gaithersburg, MD 20899.

A4.5.2 Class A ball indenters and Class A or Reference
diamond indenters as described in Annex A3 (see Note 3) shall
be used for the standardization of test blocks.

TABLE A4.1 Physical Requirements of Standardized Test Blocks
Tolerance

=6.0 mm (0.236 in.)
=16.0 mm (0.630 in.)
=2600 mm?2 (4 in.?)
=0.005 mm (0.0002 in.)

Test Block Parameter

Thickness

Test surface area

Deviation from surface flatness
(test & bottom)

Deviation from surface parallelism
(test & bottom)

Mean surface roughness

(test & bottom)

=0.0002 mm per mm
(0.0002 in. per in.)

R, = 0.003 mm (12 pin.)
center line average

ffock may be obtained by correcting the measured
ness value by a performance offset value for the
ng machine. The offset value may be based on the
alues measured during the last indirect verification of
andaldlzmg machine. For example an appropriate offset
iging machine may be
by fitting a linear line
he indirect verification.
at the validity of calcu-
y is dependent on the
toss the entire scale.

calculated

TABLE A4.2 Maximum Nonuniformity for Standardized

Test Blocks
Max.
Nonuniformity
Nominal Hardness of Range,
Standardized Test Block Hp
(HR
units)
HRA =20 and <80 1.0
=80 and <92 0.5
HRBW =0 and <45 1.5
=45 and <100 1.0
HRC =20 and <60 1.0
=60 and <70 0.5
HRD =40 and <60 1.0
=60 and <87 0.5
HREW, HRFW, HRGW, HRHW, 1.0
HRKW, HRLW, HRMW, HRPW,
HRRW, HRSW, HRVW
HR15N =69 and <90 1.0
=90 and <97 0.7
HR30N =41 and <77 1.0
=77 and <92 0.7
HR45N =19 and <66 1.0
=66 and <87 0.7
HR15TW, HR30TW, HR45TW 1.0
HR15WW, HR30WW, HR45WW, 1.0

HR15XW, HR30XW, HR45XW,
HR15YW, HR30YW, HR45YW
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A4.6 Marking

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

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

A4.6.2.1 The standardized hardness value, H, of the test
block, rounded to no less than one decimal place in accordance
with Practice E29, for example 61.4 HRC.

A4.6.2.2 The appropriate tolerance value fo
in Table A1.3.
A4.62.3 Name or identifying mark of; =th ;
agency.
A4.6.2.4 A mark identifying the test sm:fag*
obliterated if the surface is reground.
A4.6.2.5 Unique serial number.
A4.6.2.6 Year of standardization. It |

il be

sigfficient that the year

A4.7.1.1 Serial number of the test block.
A4.7.1.2 The standardized hardness value, H, of the test
block with the scale designation, rounded to no less than one

decimal place in accordance with Practice E29, for example
614 HRC.

A4.7.1.3 Value of the uncertainty in the standardized value
with a detailed explanation of how the uncertainty was
calculated.

A4.7.14 The individual standardizing hardness measure-
ments.

A4.7.1.5 A description of the testing cycle used, including
the dwell times for the preliminary force, total force and elastic
recovery.

A4.7.1.6 The body that maintains the Rockwell scale to
which the test block is traceable. For example, the national

of standardization be incorporated int serial number of tht

Riikseell C scale maintained at NIST.

block.

47 Date of standardization.

yiiAccreditation agency certification number.

A4.7 Certificate

A4.7.1 Each standardlzeé F
certificate from the stan ¥
ing standardization infg

TABEE}

Note 1—3

X Mm mium Thickness Guide for Selection of Scales
¢ Diamond Indenter (see Fig. A5.1)

given thickness, the indicated Rockwell hardness is
the minimum vagiie acceptable for testing. For a given hardness, material
of any greater thickness than that cmrespondmg to that hardness can be
tested on the indicated scale.

Rockwell Scale
A o}

Minimum Thickness

in mm Hardness Approximate Hardness
’ Reading Hardness C-Scale® Reading
0.014 0.36
0.016 0.41 86 69
0.018 0.46 84 65
0.020 0.51 82 61.5
0.022 0.56 79 56 69
0.024 0.61 76 50 67
0.026 0.66 71 41 65
0.028 0.71 67 32 62
0.030 0.76 60 19 57
0.032 0.81 52
0.034 0.86 45
0.036 0.91 37
0.038 0.96 28
0.040 1.02 20

A These approximate hardness numbers are for use in selecting a suitable scale
and should not be used as hardness conversions. If necessary to convert test
readings to another scale, refer to Hardness Conversion Tables E140 (Relation-
ship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell
Superficial Hardness, and Knoop Hardness).
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TABLE A5.2 A Minimum Thickness Guide for Selection of Scales
Using the 1/16 in. (1.588 mm) Diameter Ball Indenter
(see Fig. A5.2)

Note 1—For any given thickness, the indicated Rockwell hardness is
the minimum value acceptable for testing. For a given hardness, material
of any greater thickness than that corresponding to that hardness can be
tested on the indicated scale.

Minimum Thickness

Rockwell Scale

F B

in mm Hardness Approximate Hardness

’ Reading Hardness B-Scale® Reading
0.022 i . .
0.024 72 94
0.026 60 87
0.028 49 80
0.030 35 71
0.032 21 62
0.034 52
0.036 40
0.038 28

0.040

A These approxima
and should not be
readings to another gCale refer tg
Between Brinell Hardnesss

‘dness numbers are for &
as hardness _conversion

a suitable scale

convert test

hiiicated Rockwi]
: at hardne&

Minimum Thickness

B

30N
. Hardnesa Aggtroxirr k Approximate
in. mm Reading Hardness
C-Scale?

0.0086 0.15 92 R
0.008 0.20 jee]
0.010 0.25 88
0.012 0.30 83 82 65 77 69.5
0.014 0.36 76 78.5 81 74 67
0.016 0.41 68 74 56 72 65
0.018 0.46 66 47 68 61
0.020 0.51 57 37 63 57
0.022 0.56 47 26 58 52.5
0.024 0.61 51 47
0.026 0.66 37 35
0.028 0.71 20 20.5
0.030 0.76

A These approximate hardness numbers are for use in selecting a suitable scale, and should not be used as hardness conversions. if necessary to convert test readings
to another scale, refer to Hardness Conversion Tables E140 (Relationship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell Supetficial

Hardness and Knoop Hardness).
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TABLE A5.4 A Minimum Thickness Guide for Selection of Scales Using the 1/16 in. (1.588 mm) Diameter Ball Indenter (see Fig. A5.2)

Note |—For any given thickness, the indicated Rockwell hardness is the minimum value acceptable for testing. For a given hardness, material of any
greater thickness than that corresponding to that hardness can be tested on the indicated scale.

Minimum Thickness

Rockwell Superficial Scale

15T 307 45T
) Hardness Approximate Hardness Approximate Hardness Approximate
in. mm Reading Hardnesi Reading Hardnes/? Reading Hardnesi
B-Scale B-Scale B-Scale

0.010 0.25 91 93
0.012 0.30 86 78
0.014 0.36 81 62 80 96
0.018 0.41 75 44 72 84 71 99
0.018 0.46 68 24 64 71 62 90
0.020 0.51 55 58 53 80
0.022 0.56 45 43 43 70
0.024 0.61 34 28 31 58
0.026 0.66 18 45
0.028 0.71 4 32
0.030 0.76

A These approximate hardness numbers are for use in selecting a suitable scale, and should not be used as hardness conversions. If necessary to convert test readings

o another scale refer to Hardness Conversion Tables £140 (Relations

and Knoop Hardness).

hi

p Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell Superficial Hardness
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Note 1—Locate a point corresponding to the thickness-hardness combination to be tested. Only scales falling to the left of this point may be used to

test this combination.
FIG. A5.1 Thickness Limits for Rockwell Hardness Testing Using the Diamond Indenter
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Thickness {(mm)

0.2 0.4 0.6 0.8 1.0
100 T \ N I T T

Rockwell B Hardness

20 25
Thickness (mils}

Note 1—Locate a point corresponding to the thickness-h#diiess combination to be tested. Only scales falling to the left of this point may be used to

10

test this combination.
FIG. A5.2 Thickness Limits for Rockwell Hardness Testing Using the 1/16-in. (1.588-mm) Diameter Ball Indenter

A6. HARDNESS VALUE CORRECTIONS WHEN TESTING ON CONVEX CYLINDRICAL SURFACES

30
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TABLE A6.1 Corrections to be Added to Rockwell C, A, and D Values Obtained on Convex Cylindrical Surfaces of Various Diameters”

Diameters of Convex Cylindrical Surfaces

Dial Vain. s in. Ve in. 5 in. 4 in. s in. 1in. 14 in. 1%z in.
Reading (6.4 mm) (10 mm) (13 mm) (16 mm) (19 mm) (22 mm) (25 mm) (32 mm) (38 mm)
Corrections to be Added to Rockwell C, A, and D Values?
20 6.0 45 35 2.0 1.5 1.5 1.0 1.0
25 5.5 4.0 3.0 2.0 1.5 1.0 1.0 1.0
30 5.0 3.5 2.5 1.5 1.5 1.0 1.0 0.5
35 4.0 3.0 2.0 1.5 1.0 1.0 0.5 0.5
40 35 25 2.0 1.0 1.0 1.0 05 0.5
45 3.0 2.0 1.5 1.0 1.0 0.5 0.5 0.5
50 2.5 2.0 1.5 1.0 0.5 0.5 0.5 0.5
55 2.0 1.5 1.0 0.5 0.5 0.5 0.5 0
60 1.5 1.0 1.0 0.5 0.5 0.5 0 0
65 1.5 1.0 1.0 0.5 0.5 0.5 0 0
70 1.0 1.0 0.5 0.5 0.5 0.5 0 0
75 1.0 0.5 0.5 0.5 0.5 0 0 0
80 0.5 0.5 0.5 0.5 0 0 0 0
85 0.5 05 0.5 o] 0 0 0 0
90 0.5 0 0 0 0 0 0 0

A When testing cylindrical specimens, the accuracy of th

straightness of the cylinder.

& These corrections are approximate only and represent &

TABLE A6.2 Corrections to be Added to Rocki

i:“c nvex Cylindrical Surfaces of Various Diameters*

Hardness Ya in. 3sin.,,
Reading (6.4 mm) 1G:N

¢ 125

10 12.0

20 11.0 .

30 10.0:

40

50

60

70

80

90

100

Hii&taces
Fa in. s in. 1in.
(19 mm) (22 mm) (25 mm)
: F, and G Values®
4.5 3.5 3.0
4.0 3.5 3.0
4.0 3.5 3.0
3.5 3.0 2.5
3.0 2.5 2.5

AWhen testing cylindrical specimens, the accuracy of §

straightness of the cylinder.

B These corrections are approximate only and represent

TABLE A6.3 Corrections to be Added to Rockwél

will be

iBarest 0.5 Rockwell number, of numerous actual Gbservations.

1::ial 15N, 30N, and 45N Values Obtained on Convex Cylindrical Surfaces of
Various Diameters”

Diameters of Convex Cylindrical Surfaces

Hardness Ve in. Ya in. s in. Vo in. 3 in. 1in.
Reading (3.2 mm) (6.4 mm) (10 mm) (13 mm) (19 mm) (25 mm)
Corrections to be Added to Rockwell Superficial 15N, 30N, and 45N Values®

20 6.0 3.0 2.0 1.5 1.5 1.5
25 5.5 3.0 2.0 1.5 1.5 1.0
30 5.5 3.0 2.0 1.5 1.0 1.0
35 5.0 2.5 2.0 1.5 1.0 1.0
40 4.5 2.5 1.5 1.5 1.0 1.0
45 4.0 2.0 1.5 1.0 1.0 1.0
50 3.5 2.0 1.5 1.0 1.0 0.5
55 35 2.0 1.5 1.0 0.5 0.5
60 3.0 1.5 1.0 1.0 0.5 0.5
65 25 1.5 1.0 0.5 0.5 0.5
70 2.0 1.0 1.0 0.5 0.5 0.5
75 1.5 1.0 0.5 0.5 0.5 0
80 1.0 0.5 0.5 0.5 6] 0
85 0.5 05 0.5 0.5 0 0
90 0 0 o] 0 0 0

AWhen testing cylindrical specimens the accuracy of the test will be seriously affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder.
B These corrections are approximate only and represent the averages, to the nearest 0.5 Rockwell superficial number, of numerous actual observations.
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TABLE A6.4 Corrections to be Added to Rockwell Superficial 15T, 30T, and 45T Values Obtained on Convex Cylindrical Surfaces of
Various Diameters”

Diameters of Convex Cylindrical Surfaces

Hardness Ve in. Ya in. ¥ in. Y2 in. s in. Yain. 1in.
Reading (3.2 mm) (6.4 mm) (10 mm) (13 mm) (16 mm) (19 mm) (25 mm)
Corrections to be Added to Rockwell Superficial 15T, 30T, and 45T Values®

20 13.0 9.0 6.0 4.5 4.5 3.0 2.0
30 1ns 7.5 3.5 35 2.5 2.0
40 10.0 6.5 3.5 3.0 2.5 2.0
50 8.5 55 3.0 2.5 2.0 1.5
60 6.5 4.5 2.5 2.0 15 1.5
70 5.0 35 2.0 1.5 1.0 1.0
80 3.0 2.0 15 1.0 1.0 0.5
90 1.5 1.0 0.5 0.5 0.5 0.5

A When testing cylindrical specimens, the accuracy of the test will b
straightness of the cylinder.
8 These corrections are approximate only and represent the averages

affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the

0.5 Rockwell number, of numerous actual observations.

APPENDE

Nonmandato

X1. LIST OF ASTM SPECIFICATIONS G

HEORRESPONDING TO TENSILE STRENGTH

{9, B36/B36M, B96/B96M, B103/B103M,

X1.1 The following ASTM s
Rockwell hardness or Rockwel
corresponding to the tensile stgg

materials covered: Test Methéds

X2. EXAMPLE

BI21/B

 DETERME

B122/B122M, Bi30, BI34/B134M, BIS2/

B1S2MindD

NTY

X2.1 Scope

blocks. The

X2.1.1 The intent of this appendlx is to

approach to evaluating the uncertainty of Ro

measurement values in order to simplify and
pretation of uncertainty by users of Rockwell h:

X2.1.2 This appendix provides basic procedures fegigleter-
mining the uncertainty of the following values of hardfiess:

X2.1.2.1 The Hardness Machine “Error” Determined as
Part of an Indirect Verification (see X2.6)—As part of an
indirect verification, a number of Rockwell hardness measure-
ments are made on a reference test block. The average of the
measurement values is compared to the certified value of the
reference block to determine the “error” (see 3.2.2) 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 Rockwell Hardness Value Measured by a User (see
X2.7)—The procedure provides a method for determining the
uncertainty in the hardness values measured by a user during
the normal use of a Rockwell hardness machine. The user may
report the uncertainty value with the measurement value.

X2.1.2.3 Certified Value of a Rockwell Hardness Test Block
(see X2.8) —The procedure provides a method for determining
the uncertainty in the certified value of standardized test

calibration agency (see X2.6) are not the mi¢asurement 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 verification and standardization procedures of this test method. This
is done to provide a method that is based on familiar procedures and
practices of Rockwell hardness users and standardizing agencies. The
reader should be aware that there are other methods that may be employed
to determine the same uncertainties, which may provide more accurate
estimations of the uncertainty values.

Note X2.3—This standard states tolerances or limits on the acceptable
repeatability and error of a Rockwell hardness machine (Table A1.3) and
the nonuniformity of standardized blocks (Table A4.2). These limit values
were originally established based on the testing experience of many users
of the Rockwell hardness test, and therefore reflect the normal pertor-
mance of a properly functioning Rockwell hardness machine, including
the normal errors associated with the measurement procedure and the
machine’s performance. Because the limits are based on testing
experience, it is believed that the stated limit values take into account a
level of uncertainty that is typical for valid Rockwell hardness measure-
ments. Consequently, when determining compliance with Table A1.3 and
Table A4.2, the user’s measurement uncertainty should not be subtracted
from the tolerance limit values given in the tables, as is commonly done
for other types of metrological measurements. The calculated values for
repeatability, error or block nonuniformity should be directly compared to
the tolerance limits given in the tables.

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

X2.1.3 This appendix does not address it

primary reference standardizing level.

Stithe

X2.2 Equations

X2.3.3 The procedures for calculating the uncertainty of
Rockwell hardness measurement values are similar for both a
standardizing machine and testing machine. The principal
difference is in the hierarchy level of the reference test blocks
normally used for the indirect verification. Generally, standard-
izing machines are verified using primary reference standards,
and testing machines are standardized using secondary refer-
ence standards.

X234 To estimate the overall uncertainty of Rockwell
hardness measurement values, contributing components of
uncertainty must be determined. Because many of the uncer-
tainties 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.

X2.2.1 The average (AVG), H, ofigis

Uncertainty should be determined with respect to a

n

ighest level of reference standard or the national

measurements H,, H,, ..., H, is calculfé

AVG(H,, H,, ..., H)

andard of another country. In some cases, the
¢l of reference standard may be a commercial

X2.2.2 The standard d
hardness measurements f

csiealy llti;ﬂfe

andard.

>eneral Procedure

%2.4.1 This procedure calculates a combined standard un-

STDEV(H,, H,, ..

where H is the a
ments Hy, H,, ..., H,

I3

X2 2. 3 The absolute Val

ABS(0.12) = 0.12
and mIna
ABS(—0.12) = 0.12

X2.3 General Requirements

X2.3.1 The approach for determining uncertainty presented
in this appendix considers only those uncertainties associated
with the overall measurement performance of the Rockwell
hardness machine with respect to reference standards. These
performance uncertainties reflect the combined effect of the
separate uncertainties associated with the numerous individual
components of the machine, such as the force application
system and indentation depth measuring system. Therefore, the
uncertainties associated with the individual components of the
machine are not included in the calculations. Because of this
approach, it is important that the individual machine compo-
nents are operating within tolerances. It is strongly recom-
mended that this procedure be applied only after successfully
passing a direct verification.

X2.3.2 The procedures given in this appendix are appropri-
ate only when the Rockwell hardness machine has passed an
indirect verification in accordance with the procedures and
schedules of this test method standard.

(OS]
[S%]

certainty u, by combining the contributing components of

(X2.3)

by a numerical coverage

factor k, such t

U=kXu, (X2.4)

X2.4.3 A coverage factor is chosen that depends on how
well the standard uncertainty was estimated (number of
measurements), and the level of uncertainty that is desired. For
this analysis, a coverage factor of k = 2 should be used. This
coverage factor provides a confidence level of approximately
95 %.

X2.4.4 The measurement bias B of the hardness machine is
the difference between the expected hardness measurement
values as displayed by the hardness machine and the “true”
hardness of a material. Ideally, measurement biases should be
corrected. When test systems are not corrected for measure-
ment bias, as often occurs in Rockwell hardness testing, the
bias then contributes to the overall uncertainty in a measure-
ment. There are a number of possible methods for incorporat-
ing 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) (X2.5)

where ABS(B) is the absolute value of the bias.
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X2.4.5 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.

X2.5 Sources of Uncertainty

X2.5.1 This section describes the most significant sources
of uncertainty in a Rockwell 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 cirgiim-

stances described in X2.1.2.

where H,, H,, ..., H, are the n hardness values. In general,
the estimate of repeatability is improved as the number of
hardness measurements is increased. Usually, the hardness
values measured during an indirect verification will provide an
adequate estimate of ug,,.,; however, the caution given in
Note X2.6 should be considered. It may be more appropriate
for the vser to determine a value of ug,,,.,, by making hardness
measurements close together (within spacing limitations) on a
uniform material, such as a test block.

Note X2.5—The uncertainty utp,,,,» due to the lack of repeatability of
a hardness machine as discussed above, should not be confused with the
historically defined “repeatability” that is a requirement to be met as part
of an indirect verification (see 3.2.3). The calculations of the uncertainty
Upepear @0 Of the historically defined repeatability do not produce the

ame value. The uncertainty Ugep.,: is the contribution to the overall

X2.5.2 The sources of uncertainty to be discussed ag i

pcertainty of a hardness measurement value due to a machine’s lack of

hardness machine’s lack of repeatability, (2)

[epeatability, while the historically defined repeatability is the range of

uniformity in hardness of the material under &

hardness values measured during an indirect verification.

hardness machine’s lack of reproducibility, (4)
of the hardness machine’s measurement display
uncertainty in the certified value of the referen
standards. An estimation of the measurement

NOTE X2. 6-A11 matenals exhibit some degree of hardness non-

inclusion into the expanded uncertainty will also be discussi

X2.5.3 Uncertainty Due to Lack ()f Repwmbz

bility are based on tests made across the surface

and when Combined with Non-uni

repeatability of a hardness machig
well it can continually produce th
time a measurement is made. ImEgHigihe
is perfectly uniform in hardn
imagine that hardness meag
this uniform material ove
varying the testing conditions*;
though the actual hardness of ev

repeatability value will likely include a significant
ifon due to the material’s non-uniformity. A machine’s
r evaluated by making hardness measurements close

siAverage of Multiple Measurements—When the
avesdoe of multlple“hardness test values is to be reported, the

iy be estimated by
0N Upypeq, (PrEVI-

same,

it would be found that dué™to random errors each i

3.I) by the square-

measurement value would differ from all other

oot of the niifiber of haﬂﬂr}ess test ¥; heing averaged, as:

values (assuming sufficient measurement

Therefore, lack of repeatability prevents the har

from being able to always measure the true hat g
material, and hence contributes to the uncertain
measurement.

X2.5.3.1 The contribution that a hardness machine’s lack of
repeatability makes to the overall measurement uncertainty is
determined differently depending on whether a single measure-
ment 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 g, due to the lack of repeatability, may be esti-
mated by the standard deviation of the values from a number of
hardness measurements made on a uniform test sample as:

=STDEV(H,, H,, .... H,) (X2.6)

U gepeat

u Repeat

URepeat —

(X2.7)
nr

where ug,,.., 1S calculated by Eq X2.6 and ny is the number
of individual hardness test values being averaged.

X2.5.34 Estimate of the Material Hardness—Hardness
measurements are often made at several locations and the
values averaged in order to estimate the average hardness of
the material as a whole. For example, this may be done when
making quality control measurements during the manufacture
of many types of products; when determining the machine
“error’” as part of an indirect verification; and when calibrating
a test block. Because all materials exhibit some degree of
hardness non-uniformity across the test surface, the extent of a
material’s non-uniformity also contributes to the uncertainty in
this estimate of the average hardness of the material. When the
average of multiple hardness measurement values is calculated
as an estimate of the average material or product hardness, it
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 the lack of repeat-
ability in the hardness machine and the non-uniformity in the
test material may be estimated from the “standard deviation of
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the mean” of the hardness measurement values. This is
calculated as the standard deviation of the hardness values,
divided by the square-root of the number of measurements as:

_ STDEV(H,,. Hp,. ... H;)

(X2.8)

U peps NU =
ny

where Hpy, Hp, ..., Hp, are the n, measurement values.

X2.5.4 Uncertainty Due to Lack of Reproducibility
(Ugeprog)—The day-to-day variation in the performance of the
hardness machine is known as its level of reproducibility.
Variations such as different machine operators and ¢ i
the test environment often influence the performa

variables. It is very important that the tes
control during the assessment of reproducxblf
is in need of maintenance or is operated inc

reference test block value is traceable. This uncertainty con-
tributes to the measurement uncertainty of hardness machines
calibrated or verified with the reference test blocks. Note that
the uncertainty reported on reference test block certificates is
typically stated as an expanded uncertainty. As indicated by Eq
X2 .4, the expanded uncertainty is calculated by multiplying the
standard uncertainty by a coverage factor (often 2). This
analysis uses the standard uncertainty and not the expanded
uncertainty value. Thus, the uncertainty value due to the
uncertainty in the certified value of the reference test block
usually may be calculated as:

U

Refsik
U Rerpir = P

(X2.11)

RefBlk

where Upg,my is the reported expanded uncertainty of the
certified value of the reference test block, and kg, is the
coverage factor used to calculate the uncertainty in the certified
value of the reference standard (usually 2).

Measurement Bias (B)—The measurement bias is
between the hardness measurement values as

reproducibility will be over estimated.

hardness machine and the “true” hardness of

easurement bias B may be estimated by the

measurements made on the
uncertainty contribution ma;
deviation of the average of:

Be standard
values, as:

W peproa = S (X2.9)
where M,, M,, ..., M} Hgach of the
n sets of multiple moni

Note X2.7—The uncertain
reproducibility, as calculated in Eq
to the machine’s lack of repeatabil y and the
monitoring test block; however, these contributi
average of multiple measurements and should n;;i; i B
estimate the reproducibility uncertainty. i

X2.5.6 Uncertainty Due to the Resolutioffg iithiess
Measurement Display (ug,.,,)—The finite res the
hardness value display prevents the hardness machine from

providing an absolutely accurate hardness value. However, the
influence of the display resolution on the measurement uncer-
tainty is usually only significant when the hardness display
resolution is no better than 0.5 Rockwell hardness units, such
as for some dial displays. The uncertainty contribution ug,
due to the influence of the display resolution, may be described
by a rectangular distribution and estimated as:

rli2 r
u = =
SRVARRV/T:

where r is the resolution limit that a hardness value can be
estimated from the measurement display in Rockwell hardness
units.

X2.5.7 Standard Uncertainty in the Certified Average Hard-
ness Value of the Reference Test Block (ug,mmu)—Reference test
blocks provide the link to the Rockwell standard to which
traceability is claimed. The certificate accompanying reference
test blocks should provide an uncertainty in the stated certified
value, and should state to which Rockwell standard the

(X2.10)

rfied as part of the indirect verification as:

B=H-H (X2.12)

RefBlk

gl is the mean hardness value as measured by the
~machine during the indirect verification, and Hp, gy, 18

fcation, the “error” of the
. the average value of
measurements made on a referetice test block (see 3.2.2). This
value provides an indication of how well the hardness machine
can measure the “true” hardness of a material. Since there is
always uncertainty in a hardness measurement, it follows that
there must be uncertainty in the determination of the average
value of the measurements, and thus the determination of the
machine “error.” This section provides a procedure that can be
used, for example by a field calibration agency, to estimate the
uncertainty Uy,,., in the measurement “error” of the hardness
machine determined as the difference between the average of
the measurement values and the certified value of the reference
block used for the verification.

X2.6.2 The contributions to the standard uncertainty of the
measurement “error,” Uyz,.p,, are (1) g, s yu (Ref. Block), the
uncertainty due to the lack of repeatability of the hardness
machine combined with the uncertainty due to the non-
uniformity in the reference test block (Eq X2.9), which is
determined from the hardness measurements made on a refer-
ence test block to determine the “error” of the hardness
machine, (2) g, the uncertainty due to the resolution of the
hardness machine measurement display (Eq X2.11), and (3)
Ugemu- the standard uncertainty in the certified value of the
reference test block (Eq X2.12). The notation (Ref. Block) is
added to the term ug,,, yy to clarify that the uncertainty is
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determined from measurements made on the reference block
used for the indirect verification.

X2.6.3 The combined standard uncertainty u,,,, and the
expanded uncertainty U,,, ., are calculated by combining the
appropriate uncertainty components described above for each
hardness level of each Rockwell scale as:

_ 2 . 2 2
Uptacn = \/u Rep& NU (Ref' Bl O‘k) U gesor T Wremin

(X2.13)

and
(X2.14)

UM(:CII = kllMﬂL‘/l

X2.6.4 For this analysis, a coverage factor of k =~-§j;sh0uld
be used. This coverage factor provides a confideng&ilgvel of

approximately 95 %. i

Note X2.8—The uncertainty contribution ., as £

Note X2.9—The expanded uncertainty Uy, W
than the value of the hardness machine “error.”

= = 0.029 HRC, and
R(.sol v
0.45
Uresi — "o
Thus,

Uygoen = \/0.0757+0.029°+ 0.225> = 0.239 HRC, and
Upeen = (2 X 0.239) = 0.48 HRC

= 0.225 HRC

Therefore, the uncertainty in the —0.26 HRC “error” in the
hardness machine is 0.48 HRC. Although this evaluation was
made on material having a hardness of approximately 25 HRC,
the uncertainty may be considered to apply to the entire low
range of the HRC scale. This calculation must be made for the
mid and high ranges of the HRC scale, as well as for the ranges
of the other Rockwell scales that are verified.

Note X2.10—The reader should be aware that in computing the final
uncertainty value in all examples in this appendix, no rounding of results
was done between steps. Consequently, it individual equations are solved
using the rounded values that are given at each step of this example, some
sults might differ in value in the last decimal place from the

for Calculating Uncertainty: Rockwell

‘Measurement Values

Efhdidncertainty Uy, in a hardness value measured

hardness machine “error” repéi‘
verification of the Rockwell Baigh

(for example, NIST), and was calculated
Appendix X2 of ASTM EI8 with a co
representing a confidence level of approxing

X2.6.6 The standard uncertainty value u,,5EaHE
an uncertainty contribution when determining thé
uncertainty of future measurements made with
machine (see X2.7 and X2.8).

X2.6.7 Example X2.1— As part of an indirect verification of
a Rockwell hardness machine, a verification agency needs to
report an estimate of the uncertainty of the hardness machine
“error.” For this example, an evaluation will only be made for
measurements made on the low range of the HRC scale. The
hardness machine has a digital display with a resolution of 0.1
HRC. The agency performs five verification measurements on
a low range HRC hardness block. The reported certified value
of the reference test block is 25.7 HRC with an expanded
uncertainty of Ug,py = 045 HRC. The five verification
measurements values are: 25.4, 25.3, 25.5, 25.3, and 257
HRC, resulting in an average value of 25.44 HRC, a repeat-
ability (range) value of 0.4 HRC and an “error” of —0.26 HRC.
Therefore:

STDEV(25.4, 25.3, 25.5, 25.3, 25.7)

Vs

OF Ugeps wiy (Ref. Block) = 0.075 HRC

Upepse NU (Ref. Block) =

i% be thought of as an indication of how well the
flue agrees with the “true” value of the hardness of

sty

3

2 Single Measurement Value—When measurement un-

rtamty for a smgle hardness measurement Value is to be

tainty in determining the ° ‘error’ 'of the hardness machme (Eg
X2.14). The combined standard uncertainty u,,,,,, is calculated
by combining the appropriate uncertainty components de-
scribed above for the applicable hardness level and Rockwell
scale as:

Upteas = \/” lzeepmt—*'u 7.ﬂ%cpmd"*'” Fesor T Hagacn (X2.15)
X2.7.3 Average Measurement Value—In the case that mea-
surement uncertainty is to be determined for an average value
of multiple hardness measurements, made either on the same
test piece or multiple test pieces, the contributions to the
standard uncertainty ., are (1) Ugepear—» the uncertainty due
to the machine’s lack of repeatability based on the average of
multiple measurements (Eq X2.8), (2) #g,,,.4» the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
Ugesor » the uncertainty due to the resolution of the hardness
machine measurement display (Eq X2.11), and (4) 1y, the
uncertainty in determining the “error” of the hardness machine
(Eg X2.14). The combined standard uncertainty u,,,,, is
calculated by combining the appropriate uncertainty compo-
nents described above for the applicable hardness level and
Rockwell scale as:

_ 2
U preas = \/11 Rel;eat+ Up Repr 0d+ ug Re. \ol+ u Mach

(X2.16)
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X2.74 The measurement uncertainty discussed above for
the single and average hardness values only represents the
uncertainties of the measurement process and are independent
of any test material non-uniformity.

X2.1.5 Average Measurement Value as an Estimate of the
Average Material Hardness—Measurement laboratories and
manufacturing facilities often measure the Rockwell 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
piece, and then the average of the hardness values i
as an estimation of the average hardness of the mate
desired to report the uncertainty as an indication
the average measurement value represents the
hardness of the material, then the contributionss

uncertainty iy, are (1) g« yo (Materialy

due to the machine’s lack of repeatability
uncertainty due to the material’s non-unif
which is determined from the hardness mea
the test material, (2) ug, 04> the uncertainty

the lack of reproducibility (Eq X2.10), (?)EI:tRm(,l, thgi

uncertainty as an indication of how well the average measure-
ment value represents the true average hardness of the material,
then the value of U,,,, should be supplemented with an
explanatory statement such as, “The expanded uncertainty of
the reported average hardness of the material under test is
based on uncertainty contributions from the measurement
process and from the hardness non-uniformity of the material.
The uncertainty is with respect to Rockwell hardness reference
standards maintained at _ [for example,
NIST], and was calculated in accordance with Appendix X2 of
ASTM EI8 with a coverage factor of 2 representing a
confidence level of approximately 95 %.” If the test report does
not state the number of measurements that were averaged and
the locations that the measurements were made, then this
information should also be included as part of the brief
explanation of how the uncertainty was calculated.

X2.7.8.3 Example X2.2— For this example, a company tests
its product by making six Rockwell hardness measurements
urface as an estimate of the product hardness. The
ine has a dial display that is judged to have a
n of 0.5 HRC. The values of the hardness

tainty due to the resolutlon of the hardness ma{‘hiﬂ

the product were 33, 31.5, 31.5, 32, 31, 32.5,

erage value of 31.92 HRC. The testing facility

that the uncertainty is deter ﬁe‘fs made on

the material under test. ’J}l Ezuncertainty
Upr.qs 18 calculated by cg ¥ilincertainty
components described ness level

and Rockwell scale as:

U preas = \/u 122ep& NU (Mm

X2.7.6 When reporting uncertainty as aniingi

well the average measurement value repre

age hardness of the material, it is importa

sufficient number of measurements are mad

test locations to provide an appropriate
variations in the hardness of the material.

X2.7.7 The expanded uncertainty U,,,,,, is calculatéd for the
three cases discussed above as:

= kit + ABS(B) (X2.18)

Mea s

For this analysis, a coverage factor of k = 2 should be used.
This coverage factor provides a confidence level of approxi-
mately 95 %.

X2.7.8 Reporting Measurement Uncertainty:

X2.7.8.1 Single and Average Measurement Values—When
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) is with respect to
Rockwell hardness reference standards maintained at

[for example, NIST], and was calculated in accor-
dance with Appendix X2 of ASTM EI8 with a coverage factor
of 2 representing a confidence level of approximately 95 %.”

X2.7.8.2 Average Measurement Value as an Estimate of the
Average Material Hardness—When it is desired to report the

37

¥ determine the measurement uncertainty in the
gidness value. A hardness of 31.92 HRC is closest to
ipange of the HRC scale (see Table A1.3). The last
erification of the low range of the HRC scale reported

it was determmed that UReproa = 021 HRC for the low range of
the HRC scale. Other uncertainty contributions are calculated
as:

5
= 0.144 HRC and

s
U Resor = \/ii

0.8
— = 0.4 HRC, therefore

uMach = 2

U peas \/O 300°+0.217+0.144*+0.4* = 0.561 HRC

and since B = —-0.3 HRC, U,,,,. = 2 x 0.561) + ABS(-0.3),
or Uy, = 1.42 HRC for the average value of the hardness
measurements made on the single product item.

X2.8 Procedure for Calculating Uncertainty: Certified
Value of Standardized Test Blocks

X2.8.1 Standardizing laboratories engaged in the calibration
of reference test blocks must determine the uncertainty in the
reported certified value. This uncertainty UCert provides an
indication of how well the certified value would agree with the
“true” average hardness of the test block.

X2.8.2 Test blocks are certified as having an average
hardness value based on calibration measurements made across
the surface of the test block. This analysis is essentially
identical to the analysis given in 5.3.1 for measuring the
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average hardness of a product. In this case, the product is a
calibrated reference test block. The contributions to the stan-
dard uncertainty u.,,, of the certified average value of the test
block are (1) ug,, v (Calib. Block), the uncertainty due to the
standardizing machine’s lack of repeatability combined with
the uncertainty due to the calibrated block’s non-uniformity
(Eq X2.9), which is determined from the calibration measure-
ments made on the test block, (2) uge,..q the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
Up..or he uncertainty due to the resolution of the standardizing
machine’s measurement display (Eq X2.11), and (4) uyy,,.5, the
uncertainty in determining the “error” of the standardizing
machine (Eq X2.14). The notation (Calib.Block) is addgi.to the
term Ug,, . o 10 clarify that the uncertainty is deter
calibration measurements made on the calibrated

X2.8.3 The combined standard uncertain
expanded uncertainty u.,,, are calculated b

appropriate uncertainty components describ :
hardness level of each Rockwell scale as:

u Cert = vuia)[a& NU (Cal’b Bl()(:k) +u iepmd—iu 57 Ez.'

maintained at [for example, NIST], and was
calculated in accordance with Appendix X2 of ASTM E18 with
a coverage factor of 2 representing a confidence level of
approximately 95 %.”

X2.8.6 Example X2.3— A secondary level test-block stan-
dardizing laboratory has completed the calibration of a test
block in the hardness range of 40 HRC. The values of the
calibration measurements of the block were 40.61, 40.72,
40.65, 40.61, and 40.55 HRC, resulting in an average value of
40.63 HRC and an E18 repeatability range of 0.17 HRC. The
laboratory must determine the wvncertainty in the certified
average hardness value of the block. A hardness of 40 HRC is
considered within the mid-range of the HRC scale (see Table
A1.3). The last indirect verification of the mid range of the
HRC scale reported U,,,,, = 0.16 HRC and an “error” of +0.11
HRC. The standardizing machine has a digital display with a
resolution of 0.01 HRC. Therefore:

STDEV(40.61, 40.72, 40.65, 40.61, 40.55)

\/g

4 Repsc NU (Calib. Block) = 0.028 HRC

lib. Block) = or

fi¥ple, let’s assume that the standardizing ma-

and

i ould
fice level of

be used This coverage facc@i iped
approximately 95 %. i

X2.8.5 Reporting the,
of Ug,, is an estima
certified average hardne§§ia
reported value should besg

inonitored for an extended period of time, and
9, it was determined that ug,,,,,, = 0.125 HRC for
e of the HRC scale. Other uncertainty contribu-
tiogigiggicalculated as:

0.01

; Uy = —= = 0.003 HRC and

G Resol ﬁ

“The expanded uncertamty in the certifi
block is with respect to Rockwell hardness

016

5 = refore,

9.08% = 0.151 HRC

x 0.151) + ABS(+0.11),
cgittied:hardness value of the

single calibrated test block.

SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E18-19)
that may impact the use of this standard. (Approved February 1, 2020.)

(1)Revised A1.5.3.5.

Committee E28 has identified the location of selected changes to this standard since the last issue (E18-18a)
that may impact the use of this standard. (Approved January 1, 2019.)

(1) Added 7.1.1 and Note 8.
(2) Revised Table A1.3.

(3) Added A1.4.3.1.

Committee E28 has identified the location of selected changes to this standard since the last issue (E18-18)
that may impact the use of this standard. (Approved October 1, 2018.)

(1) Removed Notes A2.1, A2.2, A3.2, and A4.1.



