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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INTERNATIONAL

Designation: E18 - 17

An American National Standard

Standard Test Methods for
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* Rockwell superficial hardness tests. The significant differences
between the two tests are that the test forces are smaller for the
Rockwell superficial test than for the Rockwell test. The same
type and size indenters may be used for either test, depending
on the scale being employed. Accordingly, throughout this
standard, the term Rockwell will imply both Rockwell and

Rockwell superficial unless stated otherwise.

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

1.1 These test methods cover the determination of the
Rockwell hardness and the Rockwell superficial hgddness of
metallic materials by the Rockwell indentation hadfg3$ prin-
ciple. This standard provides the requirements, farsROSRWEN
hardness machines and the procedures for pesioiuirg ocke
well hardness tests. secssr sesse.

1.2 This standard includes additional reghidfients in ahg .
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nexes:
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Verffication of Rockwel Hardness T Vach Ao A ko, anbzlm of the user of this standard to establish appro-
erification of Rockwell Hardness Testing Machines nnex At
Rockwell Hardness Standardizing Machines Annexéd e : : . P I‘lglé@ gcfw and health P ractices and determine the app. lica-
Standardization of Rockwell Indenters o Lpfdkpme e bzlzﬁ Uf regwlezmry limitations pl’l()l’ fo use.

Standardization of Rockwell Hardness Test Blocks
Guidelines for Determining the Minimum Thiclgnggs:o‘f a
Test Piece

Ll venaddecesens | 7 Fhiyeanernational standard was developed in accor-
eoese f%? ??‘??: s 'dance' with snternationally recognized principles on standard-
AL il izatipf 2 egeblished in the Decision on Principles for the
Deelvpatent of International Standards, Guides and Recom-
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Cylindrical Surfaces

1.3 This standard includ¢s Sbhtmandiadte siif@rmation in
appendixes which relates {Q mf: R'ockW’eH 1 @dess test.

g2bd@ons issued by the World Trade Organization Technical
JBUtAers to Trade (TBT) Committee.
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List of ASTM Standards lemg Hardnees Values : : : : :ﬂ:ppendix X1 -
Corresponding 2. Referencec.l .Documents

E;;ﬁ?’ggzﬂgf%ggg;zres for D;;e%%riﬁéo%Rwel| 2.1 ASTM St'andar dS )
Hardness Uncertainty vesssesss A370 Test~ Meshods and Deﬁnmom for Mechanical Testing
of S-teeleProducts
A623 Spccmeatxon for Tm-l\/HH Products General Require-
mems cess,
A623M Specification for The VIt ’Produc{s General Re-
quirements [Metric]
B19 Specification for Cartridge Brass Sheet, Strip, Plate,
Bar, and Disks
B36/B36M Specification for Brass Plate, Sheet, Strip, And
Rolled Bar
B96/BY96M Specification for Copper-Silicon Alloy Plate,
Sheet, Strip, and Rolled Bar for General Purposes and
Pressure Vessels
B103/B103M Specification for Phosphor Bronze Plate,
Sheet, Strip, and Rolled Bar
B121/B121M Specification for Leaded Brass Plate, Sheet,
Strip, and Rolled Bar
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1.4 Units—At the time the Rbckwell hardn?ds tests¥hs

td'."'

developed, the force levels were speclffed in ufltde D!
kilograms-force (kgf) and the indenter ba§ Mdmedls Wete
specified in units of inches (in.). This staddadd sspedidies ‘the
units of force and length in the International:$ysiérmects Units
(SI); that is, force in Newtons (N) and length i «Rmikmeters
(mm). However, because of the historical pfe'sédent 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.

wo.

1.5 The test principles, testing procedures, and verification
procedures are essentially identical for both the Rockwell and

! 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 July 1, 2017. Published July 2017, Qriginally approved
in 1932. Last previous edition approved in 2016 as EI8-16. DOL: 10.1520/
E0018-17

2 In 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.

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 volume 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
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B122/B122M Specification for Copper-Nickel-Tin Alloy,
Copper-Nickel-Zinc Alloy (Nickel Silver), and Copper-
Nickel Alloy Plate, Sheet, Strip, and Rolled Bar

B130 Specification for Commercial Bronze Strip for Bullet
Jackets

B134/B134M Specification for Brass Wire

B152/B152M Specification for Copper Sheet, Strip, Plate,
and Rolled Bar

B370 Specification for Copper Sheet and Strip for Building
Construction

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E92 Test Methods for Vickers Hardness and Knoop. Hard-
ness of Metallic Materials : : : : ; .

E140 Hardness Conversion Tables for Metals Rebmomhlp: s

and to measure the difference in depth of the indentation as the
force on the indenter is increased from a specified preliminary
test force to a specified total test force and then returned to the
preliminary test force.

3.1.5 Rockwell superficial hardness test—same as the Rock-
well hardness test except that smaller preliminary and total test
forces are used with a shorter depth scale.

3.1.6 Rockwell hardness number—a number derived from
the net increase in the depth of indentation as the force on an
indenter is increased from a specified preliminary test force to
a specified total test force and then returned to the preliminary
test force.

3.1.7 Rockwell hardness machine—a machine capable of
performing a Rockwell hardness test and/or a Rockwell super-

Among Brinell Hardness, Vickers Hardnesse Mm}..:ﬁmal hardness test and displaying the resulting Rockwell

Hardness, Superficial Hardness, Knoop Hargnesss Scleggeee <hardness number.

e
o-oco

scope Hardness, and Leeb Hardness
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3.1.7.1 Rockwell hardness testing machine—a Rockwell

E384 Test Method for Microindentation Hmﬂl‘@fz@'(’f Mate- * 2 hardness machine used for general testing purposes.
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rials

E691 Practice for Conducting an Interlaborh{ory Study.t.(): o+ welt Iedidss Jnachine used for the standardization of Rock-

ell hhldeds Iddenters, and for the standardization of Rock-
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Determine the Precision of a Test Methods

2.2 American Bearings Manufacturer Assoctaimzo
dard:

00

ABMA 10-1980 Metal Balls* _seassr asessieatilll’
2.3 ISO Standards: ceeeer Leeeeseset

ISO 6508-1 Metallic Material§se Rockwelz 33 Test—
Part 1: Test Method (scalése 2.8 C: D, EsR Gk, K N,

T cecene ceecee

ISOMEC 17011 Conforndity dséssment—GEndr il Require-
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Assessment Bodies®

of Testing and Calibration Laboratories’ - ..

2.4 Society of Automotive Engineers (SAE) Smlpz Jaseees

SAE 1417 Hardness Tests and Hardness N@$bEs :C:c:r:vb:'
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 verification—checking or testing to assure confor-
mance with the specification.

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

3.1.4 Rockwell hardness test—an indentation hardness test
using a verified machine to force a diamond spheroconical
indenter or tungsten carbide (or steel) ball indenter, under
specified conditions, into the surface of the material under test,

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

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

¢ Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001, http://www.sae.org.
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.ffom a 1éguddrt Rockwell hardness testing machine by having

ments for Accreditation sBedies «Accreditinge@oRformity .«
ISO/IEC 17025 General Requirements for the Cc-mpeteqqe: :E

,33:.?523 i?ppkwell hardness standardizing machine—a Rock-

3§ Y&t blocks. The standardizing machine differs

tlghter tdarances on certain parameters.

sa08 08"
3.2 Egldions:
392: «Ihe average H of a set of n hardness measurements
Hl-, ﬁ,, ..., H, is calculated as:
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3.2.2 The go*°E in the performapce of a Rockwell hard-
ness machife®t*agch hardness J¢ve] siklative to a standardized
scale, is detﬁtrhmeﬁ:as. . e’

e
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(n

E=H— Hgp (2)
where
H = average of n hardness measurements H,, H,, ..., H,
made on a standardized test block as part of a
performance verification, and
Hyrp = certified average hardness value of the standardized

test block.

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

R=H,  —H

max ( 3 )

min

where:
H

X

highest hardness value, and
lowest hardness value.

min

4. Significance and Use

4.1 The Rockwell hardness test is an empirical indentation
hardness test that can provide useful information about metallic
materials. This information may correlate to tensile strength,
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wear resistance, ductility, and other physical characteristics of
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.

*e
LN N4

5.1 Rockwell Hardness Test Principle—Thes eliei"il:'h?:«

ciple of the Rockwell indentation hardness test-lsql:lustﬁagtgcg o
Fig. 1. The test is divided into three steps of fencesapplicamen |
and removal. sesee

Step 1—The indenter is brought into copgget with the test
specimen, and the preliminary test force F§ s applied. Afigg

holding the preliminary test force for a spdcified dwgll G0%s s,

N
L XN

5. Principles of Test and Apparatus

\Q(

test, the preliminary test force is 3 kgf (29 N) and the total test
forces are 15 kgf (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 using 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 using 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
tungsge, carbide ball indenter have given results approximately one

o RGckSEH Point lower than when a steel ball indenter is used.
‘3l %e: Rockwell hardness scales are defined by the

*9 08000

the baseline depth of indentation is measured., ;3o sesssss? : scombmmtions ¢ Of indenter and test forces that may be used. The
Step 2—The force on the indewptel ise I8¢ a3ed s °standard'Rockwell hardness scales and typical applications of

controlled rate by the additionals @5 ¥drce B o Id 330 YE 388"

total test force F. The total testefdide ise Réldlefarsd 8pEcified
dwell time. secees’ cececcese
Step 3—The additional Ctés't :fz)ice i%'r'enfo%a; seturning to

*the $¢ qs° ;\re given in Tables ! and 2. Rockwell hardness
valpgg gigadl be determined and reported in accordance with one
oﬁ :hﬁse standard scales.

o "? 2 Calculation of the Rockwell Hardness Number—During

the preliminary test forces #wféerholding thes pReliminary test ++2 Rockwell test, the force on the indenter is increased from a

force for a specified dw»ell- mm-ec the final dqpth of andentation
is measured. The RockweH -h'ardrre-ss Value ig 'denvcd from the
difference /2 in the final and bg weling glentagq g:pths wh .q
under the preliminary test force, fEhe' plehmmar}: est forgg 38
removed and the indenter is removed from e test spedidfhs

5.1.1 There are two general classificationfss @f, the R{QIg ¢l
test: the Rockwell hardness test and the RGXIIL $3c{idial
hardness test. The significant difference befcchs §ideid test
classifications is in the test forces that arcs iliad'..For the
Rockwell hardness test, the preliminary test force I8 40 kgf (98
N) and the total test forces are 60 kgf (589 N), 100 k‘g°f'(98 1 N),
and 150 kgf (1471 N). For the Rockwell superficial hardness

A

%, Fddenter ¥
* dhrection Indgnter
3( diraction #

Baseline depth
MEESUDHTA

aterial wrfam

A a«eﬂiminaw f Final depth
st force £ Application TEAEmEnt
Step 1 of grlditionat

A prelimirary
test force Fy

Apply prafiovioaey
fest forne Fy, and
mgasere baseling
indentation depth,

&
test foroe Fy l \
Removal of additionst
Lest foros Ky

Increasing Depth

Step 2t
Agiply auditionad test
fore Fy to achieve
St tost forge £,

Step X
Harnowe stditionat test
fonce £, and messme
final indentation deptis,

AL hobad tegt
furon &

Increasing Time  sewiie
FIG. 1 Rockwell Hardness Test Method {Schematic Diagram)
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preliminary tegl, force to a total tgsf fQree, and then returned to
the prelimidr$ test force. The differedde in the two indentation
depth meashiferpgnts, while unflgg ¢*preliminary test force, is
measured abelf {see Fig. 1). (.ees™:

5.2.1" "The unit measuremeant fore/s is mm. From the value of
h, the Roekwell hardness number- 1s derived. The Rockwell
hardness number is Calculatedsass - - - -

5.2.1.1 For scales using a diamond spheroconical indenter

(see Tables I and 2):

Rockwell Hardness = 100 —

h

0.001 )

Rockwell Superficial Hardness = 100 —

where % is in mm,.
5.2.1.2 For scales using a ball indenter (see Tables 1 and 2):
Rockwell Hardness = 130 —

0.002 (6)

h

190 = 5601

Rockwell Superficial Hardness = (7

where /1 is in mm.

5.2.2 The Rockwell hardness number is an arbitrary
number, which, by method of calculation, results in a higher
number for harder material.

5.2.3 Rockwell hardness values shall not be designated by a
number alone because it is necessary to indicate which indenter
and forces have been employed in making the test (see Tables
1 and 2). Rockwell hardness numbers shall be quoted with a
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TABLE 1 Rockwell Hardness Scales

S?/(ri?tl)%l Indenter ggf’ile:rekz:‘ Ei';‘”es Typical Applications of Scales

B Vie-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 80 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 Ve-in. (3.175-mm) ball 100 red Cast iron, aluminum and magnesium alloys, bearing metals.

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

G Vie-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 Ye-in. (3.175-mm) ball 60 red Aluminum, zinc, lead.

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

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

M Ya-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 Ya-in. (6.350-mm) ball 150 red not give anvil effect.

R Y2-in. (12.70-mm) ball 60 red

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

\% Y2-in. (12.70-mm) ball 150 red

LN R N Y
R NN NN RN RN
*S5 8080000000

TABLE 2 Rotkdeq Bliperficial Hardness Scales

TV
A2 AR ]

T
*0 S0

Scale Symbols

Total Test Force,

kg (N) N Scale, Diamond . . s T Scale, e 3 g W Scale, Ve-in. X Scale, Va-in. Y Scale, Ve-in.
g Indenter (3.175-mm) Ball (6.350-mm) Ball (12.70-mm) Ball
15 (147) 15N 15X 15Y
30 (294) 30N 30X 30Y
45 (441) 45N 45X 45Y
L]
vw® 09 B AN RN N ]

scale symbol representing the igdenger and fQrpe usgd.cThe -

hardness number is followed bg 3¢ $ympdl HR 204 e scale
designation. When a ball indg 4 Bafsedaf 8318 Hesignation
is followed by the letter “We 1@ Ifdic e ¥n¢ 118¢ DY a tungsten
carbide ball or the letter S"tb‘lhdlcate thesd$edfaa steel ball
(see 5.1.2.1).

5.2.3.1 Examples: . ,
LR N R N NN N BN LR R N N} ;.

64 HRC = Rockwell hardness nutd&reo? 842 dsRockwel € Sefte b
AR N R N B NN N4 AR NN 400

AR B N B N N AR N B R R

81 HRBON = Rockwell superficial hardh@s$ humber of 81 on thg Rockywéi§ ¢ o

dieve
30N scale oo seveve

72 HRBW = Rockwell hardness number of 72 on the Rc:c;wdlema!e o o ’

using a tungsten carbide ball indenter re e,

5.2.4 A reported Rockwell hardness numbes oF (ke ﬁ;érage
value of Rockwell hardness measurements shafltt;p: éozu;lded in
accordance with Practice E29 with a resolution no geeater 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.

Note 2—When the Rockwell hardness test is used for the acceptance
testing of commercial products and materials, the user should take into
account the potential measurement differences between hardness testing
machines allowed by this standard (see Section 10, Precision and Bias).
Because of the allowable ranges in the tolerances for the repeatability and
error of a testing machine, as specified in the verification requirements of
Annex A1, one testing machine may have a test result that is one or more
hardness points different than another testing machine, yet both machines
can be within verification tolerances (see Table A1.3). Commonly for
acceptance testing, Rockwell hardness values are rounded to whole
numbers following Practice E29. Users are encouraged to address round-
ing practices with regards to acceptance testing within their quality
management system, and make any special requirements known during
contract review.

5.3 Rockwell Testing Machine—The Rockwell testing ma-
chine shall make Rockwell hardness determinations by apply-
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mg thpsipste forces and measuring the depth of indentation in
acchr@qfer with the Rockwell hardness test principle.

. 55.2’515 See the Equipment Manufacturer’s Instruction Manual

Parea description of the machine’s characteristics, limitations,
+*and respective operating procedures.

532 The Rockwell testing . mﬂehme shall automatically
convert the-@lepth Measurenents te) a Rockwell hardness
number and {ndieate the hardmass nnmber and Rockwell scale

LR g

by an eieCtMruc device or [} a'rm:chamcal indicator.

54 Ifwl'emersw{l”he standard :R(}c'kwell indenters are either
diamond spheroconical indentéssor fungsten carbide balls of
1.588 mm (Vis in.), 3.175 mm (14 in.), 6.350 mm (V4 in.), or
12,70 mm (Y2 in.) in diameter. Indenters shall meet the
requirements defined in Annex A3. Steel ball indenters may be
used in certain circumstances (see 5.1.2.1).

5.4.1 Dust, dirt, or other foreign materlals shall not be
allowed to accumulate on the indenter, as this will affect the
test results.

Note 3—Indenters certified to revision E18-07 or later meet the
requirements of this standard.

5.5 Specimen Support—A specimen support or “anvil” shall
be used that is suitable for supporting the specimen to be
tested. The seating and supporting surfaces of all anvils shall be
clean and smooth and shall be free from pits, deep scratches,
and foreign material. Damage to the anvil may occur from
testing too thin material or accidental contact of the anvil by
the indenter. If the anvil is damaged from any cause, it shall be
repaired or replaced. Anvils showing the least visibly percep-
tible damage may give inaccurate results, particularly on thin
material.
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5.5.1 Common specimen support anvils should have a
minimum hardness of 58 HRC. Some specialty support anvils
require a lower material hardness.

5.5.2 Flat pieces should be tested on a flat anvil that has a
smooth, flat bearing surface whose plane is perpendicular to
the axis of the indenter.

5.5.3 Small diameter cylindrical pieces shall be tested with
a hard V-grooved anvil with the axis of the V-groove directly
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 apbksof the
cylinder directly under the indenter. sessesees

5.5.4 For thin materials or specimens that aré f1id} petidddy .
flat, an anvil having an elevated, flat “spot” e ¢ 74 ik 1.
12.5 mm (*4 in.) in diameter should be used. Thisespot shaibbé
polished smooth and flat. Very soft matewals skould not’ Béi
tested on the “spot” anvil because the applie:dstzo:fce may cause
the penetration of the anvil into the under sige of the specimen
regardless of its thickness. :

5.5.5 When testing thin sheet metal with a bgl} indengers freis
recommended that a diamond spot anyjl;be $$¢d 7Bl hitdhie
polished diamond surface shall p3¢¢ ardighdled 3 dbey 220
mm (0.157 in.) and 7.0 mm (0.2875 389 apd PexrhfYéd Within
0.5 mm (0.02 in.) of the test, 3¢ibl e’ soeeecece

5.5.5.1 CAUTION: A diahdddd spdt” il 3hegld only be
used with a maximum totdlsteSteforce of 45%eT{1 Ny and a .
ball indenter. This recomirandasion should Be fallawed except
when directed otherwisé:t;y: sadarial speciﬁl‘aﬁéﬁ.: .

5.5.6 Special anvils or ﬁ%tié‘és:-, Eé@g@ingﬁé@ﬁng ﬁxtugq’sé
may be required for testing pigceseor parts ‘that cannote be
supported by standard anvils. Auxiliary sugport may be used
for testing long pieces with so much overhagg ghat thg plerp s
not firmly seated by the preliminary force.

. L o090 DS

S0 GNOSL I00000
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¢e S0 00060000

5.6 Verification—Rockwell testing machtmeg sshmlslog veri-

AR A E N R 3 )

fied periodically in accordance with Annex Abessese

5.7 Test Blocks—Test blocks meeting the requ?ﬂefnents of
Annex A4 shall be used to verify the testing machine in
accordance with Annex Al

Note 4-—Test blocks certified to revision E18-07 or later meet the
requirements of this standard.

Note 5—1It is recognized that appropriate standardized test blocks are
not available for all geometric shapes, or materials, or both.

6. Test Piece

6.1 For best results, both the test surface and the bottom
surface of the test piece should be smooth, even and free from
oxide scale, forecign matter, and lubricants. An exception is
made for certain materials such as reactive metals that may
adhere to the indenter. In such situations, a suitable lubricant
such as kerosene may be used. The use of a lubricant shall be
defined on the test report.

6.2 Preparation shall be carried out in such a way that any
alteration of the surface hardness of the test surface (for
example, due to heat or cold-working) is minimized.

6.3 The thickness of the test piece or of the layer under test
should be as defined in tables and presented graphically in
Annex A5, These tables were determined from studies on strips
of carbon steel and have proven to give reliable results. For all
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other materials, it is recommended that the thickness should
exceed 10 times the depth of indentation. In general, no
deformation should be visible on the back of the test piece after
the test, although not all such marking is indicative of a bad
test.

6.3.1 Special consideration should be made 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.

o: :@.%E?&fh.en testing on convex cylindrical surfaces, the result

mmye npt saccurately indicate the true Rockwell hardness;

thergipges, sh¢ torrections given in Annex A6 shall be applied.
or dtgnedLs between those given in the tables, correction

* factor$ PV Be derived by linear interpolation. Tests performed
on G3hitels smaller than those given in Annex A6 are not
aceplddé. Corrections for tests on spherical and concave
strTdc:s “should be the subject of special agreement.

o« o JNGrE 7—A table of correction values to be applied to test results made

® 6n spherical surfaces is given in ISO 6508-1.

6.5 When testing small diametes specimens, the accuracy of
the test w'ilEl;l;e. seriously affegtods by "alignment between the
indenter and ke test piece, e surface finish, and by the
straightngsg of the cylinder, ¢ ;200" -
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7. Test P;(.)cedm‘e' .

7.1 A daily verification of the 'tésfting 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.

7.2 Rockwell hardness tests should be carried out at ambient
temperature within the limits of 10 to 35°C (50 to 95°F). Users
of the Rockwell hardness test are cautioned that the tempera-
ture of the test material and the temperature of the hardness
tester may affect test results. Consequently, users should ensure
that the test temperature does not adversely affect the hardness
measurement.

7.3 The test piece shall be supported rigidly so that displace-
ment of the test surface is minimized (see 5.5).

7.4 Test Cycle—This standard specifies the Rockwell test
cycle by stating recommendations or requirements for five
separate parts of the cycle. These parts are illustrated for a
Rockwell C scale test in Fig. 2, and defined as follows:

{1) Contact Velocity, v,—The velocity of the indenter at the
point of contact with the test material.

(2) Preliminary 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.
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(4) Total Force Dwell Time,'t.T;—The dwell tinte whglgzstl:lg
total force is fully applied. it Lttt

(5) Dwell Time for Elastic Recovery, 1—2Th¢ el gihd at
the preliminary force level, beginning wiiéf 39¢ s8iilitonal
force is fully removed, and ending when the’&EH8Q ahd final
depth of indentation is measured. Tleee’

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 8), 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

,s200
AR N

TABLE 3 Test Cycle Tolerances

Test Cycle Parameter Tolerance
Indenter contact velocity, v, (recommended) =2.5 mm/s
Dwell time for preliminary force, - (When the time to apply 0.1t04.0s
the preliminary force ip4 = 1 s, then calculate this parameter

tp,

as 2+1,.)
Time for application of additional force, t74 10t080s
Dwell time for total force, t2 20t060s
Dwell time for elastic recovery, g 0.2t05.0s

the product specification. In these cases, the actual extended
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 Ipp shall be adjusted before comparing the parameter
with the tolerances of Table 3 by adding to it one half of 7, as

5"+1PF. For testing machines that apply the preliminary force

tpy in 1 s or less, this adjustment to the preliminary force dwell
time value fp is optional.

o o[} 81Tt is recommended that the test cycle to be used with the
. h(xdnesvmachme match, as closely as possible, the test cycle used for the

{nélivack &enstication of the hardness machine. Varying the values of the
LN ]

e o testhn@ s ole spladameters within the tolerances of Table 3 can produce
2 2 Qifferemigitatdness’ results.
" 1. 5 T@sé -I’r()cedure—There are many designs of Rockwell
hardness- sachines, requiring various levels of operator con-
tre)l' ge)me hardness machines can perform the Rockwell
harﬂnﬂs test procedure automatically with almost no operator
. ;rrﬂ'aence while other machines require the operator to control
most of the test procedure.

7.5.1 Bringsthe indenter into cdAMY( with the test surface in
a direction yfetpendicular to e’ $drfice and, if possible, at a
velocity wihihthe recommen'd®d dthaximum contact velocity

N N LU B N e
reee0e ‘Q.’Y.

752 A ply the Prehmmary tast force F, of 10 kef (98 N)
for the Rockwell hasdness test oF ﬁkgf {29 N) for the Rockwell
superficial hardness test.

7.5.3 Maintain the preliminary force for the specified pre-
liminary force dwell time 7.

7.54 At the end of the preliminary force dwell time fpp
immediately establish the reference position of the baseline
depth of indentation (see manufacturer’s Instruction Manual).

7.5.5 Increase the force by the value of the additional test
force F, needed to obtain the required total test force F for a
given hardness scale (see Tables | and 2). The additional force
F, shall be applied in a controlled manner within the specified
application time range fry.

7.5.6 Maintain the total force F for the specified total force
dwell time fpp.

7.5.7 Remove the additional test force F; while maintaining
the preliminary test force F,.

7.5.8 Maintain the preliminary test force F,, for an appro-
priate time to allow elastic recovery in the test material and the
stretch of the frame to be factored out.

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

V4o
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differential increase in depth of indentation as defined in Eq 4,
Eq 5, Eg 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 indentadions shall be
disregarded. creces

2006080
49000000

7.8 After each change of a test forcgs Df aphidvil . and
replacement of the indenter or the anvil, §§ Sl tcom-
mended that the operation of the marbhie: be &dcked in
accordance with the daily Verlﬁcatloh: frieihod specﬁled in
Annex Al. oo

7.9 Indentation Spacing—The hardifess of the matesial inl+
mediately surrounding a previously inade indendddar swill

usually increase due to the induced reslduaf slaasseand woik-

...O

hardening caused by the mdentatq@n pr@oess oo bfecr REWeinIcleR~
tation is made in this affected- m&)rlal -the-meas«ur@d’r hardness
value will likely be hlghero bhan Qhe- -tpue- -hardness of the
material as a whole. Algq,sif an melentamon qg made too close,
to the edge of the matgngl'qr' Very cloge; @ g previously made
indentation, there mayslye fusufficient 1f@gLint to constrain thte
deformation zone §3i3934¢ipg the indendddit This can result
in an apparent low&Idd DY aR4 hardned$ YabE. Both oflthese
circumstances can be DL 0F allowidd dddropriate, §facing
between indentations and it tHe edge of e mateid e

7.9.1 The distance between the cen.ters of twice :aﬁj.acent
indentations shall be at least three timés the.diamelorad Of the
indentation (see Fig. 3). ::::::.‘:::Z:'

7.9.2 The distance from the center of-argy mdentavtlon to an
edge of the test piece shall be at least twoand' a-hﬂlf times the
diameter of the indentation (seec Fig. 3). A : :y
8. Conversion to Other Hardness Scales or Tensile

Strength Values

8.1 There is no general method of accurately converting the
Rockwell hardness numbers on one scale to Rockwell hardness
numbers on another scale, or to other types of hardness
numbers, or to tensile strength values. Such conversions are, at
best, approximations and, therefore, should be avoided except

- o o

edge of material

I 3d 2ad

FIG. 3 Schematic of Minimum Indentation Spacing
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for special cases where a reliable basis for the approximate
conversion has been obtained by comparison tests.

Note 9—The Standard Hardness Conversion Tables for Metals, E140,
give approximate conversion values for specific materials such as steel,
austenitic stainless steel, nickel and high-nickel alloys, cartridge brass,
copper alloys, and alloyed white cast irons. The Rockwell hardness data in
the conversion tables of E140 was determined using steel ball indenters.

Note 10—ASTM standards giving approximate hardness-tensile
strength relationships are listed in Appendix X1.

9. Report

9.1 The test report shall include the following information:

9.1.1 The Rockwell hardness number. All reports 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),

Leed.1.2 The total force dwell time, if outside the specified
v oo oddildard test cycle tolerances (see Table 3), and

L N R J

+ o o2 M L.3. The ambient temperature at the time of test, if outside
* othé 3indidL of 10 to 35°C (50 to 95°F), unless it has been shown

notstosaiect the measurement result.
FE R N NN ]
LR X N N N4

Q. tPrecision and Bias” ®

s0do0r

seseoify | Precision—A Rockwell hardness precision and bias

20000/

22::qady was conducted in 2000 in accordance with Practice

**“E691. Tests were performed in the following six Rockwell

scales: HRA, HRC, HRBS, HR30N, HR30TS, and HRES. The
tests jg fHSHRBS, HR30TS %443 HRES scales were made using
steel bBall®indenters. A tot3I'8f° 1§ Rockwell scale hardness test
blocks of Me type readily *available were used for this study.
Test blaaks at three difbarénts hardness levels (high, medium,
and I('ﬁ)v) in each scale were sossed three times each. The results
frem’ the first -siudy are hi@d: under ASTM Research Report

RR:E28-1021.7%

10.2 Starting with version E18-05, this standard changed
from the use of steel balls to carbide balls for all scales that use
a ball indenter. Due to this change, a second study was
conducted in 2006. The second study was performed in
accordance with Practice E691 and was identical to the initial
study except it was limited to the HRBW, HR30TW, and
HREW scales, all of which use carbide 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

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

Average
Test Block Hardness Sr SR g Rpa
Data from 2000 study
62.8 HRA 62.50 0.164 0.538 0.459 1.506
73.1 HRA 73.04 0.138 0.358 0.387 1.002
83.9 HRA 84.54 0.085 0.468 0.238 1.309
25.0 HRC 24.99 0.335 0.440 0.937 1.232
45.0 HRC 45.35 0.156 0.259 0.438 0.725
65.0 HRC 65.78 0.153 0.389 0.427 1.089
45.9 HR30N 46.75 0.299 2.489 0.837 6.969
64.0 HR30ON 64.74 0.248 0.651 0.694 1.822
81.9 HR30ON 82.52 0.195 0.499 0.547 . 1.39
Data from 2006 study S
40 HRBW 43.90 0.492 0.668 1.378 4 0 o 016871
60 HRBW 61.77 0.663 0.697 1.855 *® ® *1egms
9086060868

95 HRBW 91.09 0.250 0.202 0.704 e 0 0 sCaSsid 0 o
62 HREW 64.07 0.346 0.675 O,rg ey
81 HREW 81.61 0.232 0.406 Oesl@ e olelBEe o«
100 HREW 96.22 0.177 0322 Wby OPlee
22 HR30TW 18.33 0.702 0.901  * #1e068 - 25280 e
56 HR30TW 58.0 0.476 0517 o oiedss 1.447 %}
79 HR30TW 81.0 0.610 0.851  * *19709 2.382

LR N4

LR ] -® &

. ’ PE RN NN N )
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the same material by different operators using different hard-
ness testers on different days. When comparing two test results
made under these conditions, a measurement difference of less
than the Rpp value for that Rockwell scale is an indication that
the results may be equivalent.

10.7 Any judgments based on 0.5 and 0.6 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 rp5 and Rpg 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 rpgz and Rz values in this way, decreases the
probability of them being correct.

10.9 Although the precision values given in Table 4 provide
guigagge on interpreting differences in Rockwell hardness
*opasdrtint results, a complete evaluation of measurement
ufi¢edtad v ewill provide a more definitive interpretation of the

studies. The diamond scales, HRC, HRA, and BRSONAE Jiom) ¢ 3 o sesultd Fo2 &2 $pecific testing conditions.

the first study and the ball scales, JIRBM . HIBEW. 080002
HR30TW are from the second stgdy JGHtis ¢@hbidadidhadfieds®”

the testing that is being done chPRilY. soecceeee""

LA AN B N4 A REA N AN R

10.5 The value of rpp H¢Qes (D¢ 2@DI@e tamount of
variation that can be expegE{ Prlweetf test FIINS obtained for

the same material by JR¢ e operatof sYgdg the same
hardness tester on thes$dd Phy. When cdidhlide two test
results made under these*dandiidails, a meashitddénlt differencé
of less than the rp, valdes 3":tﬁ ate RockWells Scale is, 28

indication that the results may bescquivalent. "o+ cees
L] . s00 00

10.6 The value of R,y indicates the §ypical amodde DI
variation that can be expected between test SRS obadiellstor

s09000

L N N 4

10.}Q:Tlge data generally indicated reasonable precision
excebl f@the 45.9 HR3O0N scale. In that scale the SR and Rpp
valhf$ hi¢ very high compared to all of the other scales. An
efddfdition of the raw data reveled that one lab’s results were
« flikh*higher than the others, significantly affecting the overall

** fesults in that scale. The results from all of the other scales

.r...h

seem to be reasonable .o

10.11 Bt‘ZIS—There are no Ié.'cbghukd standards by which to
fully estimdtesthe bias of this 1€t hethod.

1o 0 0e Lot~ "
rTeee L 400" 1 0
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11.1 -Hdrdness’ iicthanical tssﬁ.metals Rockwell

*er - "

ANNEXES

(Mandatory Information)

Al.

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.

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

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

Copyright by ASTM Int'l (all rights reserved); Mon Aug 7 04:50:26 EDT 2017 ]

VERIFICATION OF ROCKWELL HARDNESS TESTING MACHINES

Al1.1.5 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.

Al.2 General Requirements

A1.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified in Table Al 1,
and when circumstances occur that may affect the performance
of the testing machine.

Al1.2.2 The temperature at the verification site shall be
measured with an instrument having an accuracy of at least
+2.0°C or =3.6°F. It is recommended that the temperature be
monitored throughout the verification period, and significant
temperature variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a
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TABLE A1.1 Verification Schedule for a Rockwell
Testing Machine

Verification

Procedure Schedule

Direct
verification

When a testing machine is new, 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.

When a testing machine fails an indirect verification (see
A1.4.94).

Indirect
verification

Recommended every 12 months, or more often if needed.
Shall be no longer than every 18 months.

When a testing machine is installed or moved, | onlyhpamal
indirect verification is performed by following the pnocedare
given in A1.4.7 for verifying the as-found cond!t.ld.hr :’glg gc?es

not apply to machines that are designed to be aneved obthate s

move prior to each test, when it has been py&vbRdS s s s oo e,
demonstrated that such a move will not affachihe hardnesse e o «
resu't. LA R NN NS LR N R N N

;00000 *0 O
Following a direct verification. eveee Tee:
To qualify an indenter that was not verifed hatfe last indirect™ ¢ |
verification, (only a partial indirect venﬁoahonﬂs performed,
see A1.4.10).

. . L4
. *
Required each day that hardness tesis dretobemagécecsese
Recommended whenever the indenter, anvn., of S INRAL o000
208080 SBOSEPSS
changed. 4000000000 soce
vy . .

Daily
verification

Ye

popov

daily verification or when quahvf o 4

L] 4000000000

ers in accordance with Al :1:10- er et

A1.2.3 All instrumends sisee to make dnoabwsements re- -
quired by this Annex shehl sxs éalibrated tlaoeaﬁ)l:a to national
standards when a system @f:tra@eﬁ:)phty exmts e-xeept as noteé
otherwise.

AR R N B NN N3
AR R N BN Nd

A1.2.4 Direct verification of newly manufactufad or

“.‘.
~Te 0

O..
RN

usle

testing machines shall be performed :ei the plé?ésé)f
manufacture, rebuild or repair. Direct verlﬁeatg(m-may-a-lso be

o6 e
LN )
L 4

LR N 2
~e

A1.2.5 Indirect verification of the testing machéne shall be

AR R N N B 4

performed at the location where it will be used. ~ese

Note Al.1—1It is recommended that the calibration agency that is used
to conduct the verifications of Rockwell hardness testing machines 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.

performed at the location of use.

A1.3 Direct Verification

A1.3.1 A direct verification of the testing machine shall be
performed at specific instances in accordance with Table Al1.1.
The test forces, depth-measuring system, machine hysteresis,
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 ASTM E74.

Copyright by ASTM Int'l (all rights reserved); Mon Aug 7 04:50:26 EDT 2017 9

A1.3.2.1 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
AlL2.

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 feast
0.0002 mm.

A1.3.3.1 Verify the testing machine’s depth measurement
system at not less than four evenly spaced increments covering
the full range of the normal working depth measured by the
testing machine. The normal working depth range shall corre-
spond to the lowest and highest hardness values for the
Rockwell scales that will be tested.

-+A18+3.2 The indentation-depth measuring device shall be
* adousateswishin +0.001 mm for the regular Rockwell hardness

[ AR N NN RN

sc‘aiqs:qr:d: :”:O:QOO’S mm for the Rockwell superficial hardness

* scaless dfhese accuracies correspond to 0.5 hardness units.

N %:}ﬁ:Some testing machines have a long-stroke depth
meagyrine eystem where the location of the working range of
theadedil) measuring system varies depending on the thickness
of gt @5t material. This type of testing machine shall have a

< S$Nsenh to electronically verify that the depth measuring device

2*1s continuous over its full range and free from dirt or other

discontinuities ¢hat could affect its.accuracy. These types of
testers shdll b& *verified using the. folfoWwing steps.

(1) At the .approximate tog,emid point, and bottom of the
total stroke:(if'tfle measuring ‘deviéé'%erify the accuracy of the
device at»no l-ess than four" even-ly spaced increments of
appr0x1mately 005- ;mm at eacho (-)f [he three locations. The
accuracy shall be within the tolerances defined above.

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

Al1.3.4 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

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

Force Tolerance

kgf N kgf 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 2942 0.060 0.589
15 1471 0.100 0.981
30 2942 0.200 1.961
45 441.3 0.300 2.963
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test that results in no permanent indentation. In this way, the
level of hysteresis in the flexure of the testing machine can be
determined.

A1.3.4.1 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.

Al1.3.4.2 Repeat the hysteresis verification procedure for a
maximum of ten measurements and average the last three tests.
The average measurement shall indicate a hardplsg number of
130 = 1.0 Rockwell units when Rockwell badf §&3¢s. B, E, F,
G, H and K are used, or within 100 = 1.0 Rackdh&Idfits.when
any other Rockwell scale is used. ceecetcecns.

IE R B N N NN RN RN N
LA N B N J LC R R N N}

A1.3.5 Verification of the Testing CchmSectlon 76 ec1ﬁes
the Rockwell testing cycle by stating regmrements and recom
mendations for five separate paramegerseof the cycle The
testing machine shall be verified to be-c%rpable of meeting the
tolerances specified in Table 3 for the i{)llowmg foureg §t°qycle
parameters: the dwell time for preliminagy; f@$¢.e e abins 101
application of additional force, the Jdwell $inde $Qrs ogdls e
and the dwell time for elas{if J&EOverye TR IQELHTE2BL the
indenter contact velocity, Iss § gbCombiehlii§§d.? Direct verifi-
cation of the testing cy®led IS t08 §elilidd by the testing
machine manufactures 88 8Hef timie” 8 ddadildcture, and When
the testing machine iseietirned to the daamudacturer for repais
when a problem withethe fasting cycle is swspeeted. Verification
of the testing cy'cze; oS oRate requireds ?é Eéazrt of the §lirect
verification at other t.h.'n:e%; sese.  Sleieas .o

A1.3.5.1 Rockwell hatdig$e testing machifes magithgtured
before the implementation of E18-07 thay nol havd $§ddcrgone
the direct verification of the machine’s¥édting cycld. Sidide this
verification often must be performed atethé ilanidactaser’s site,
the test cycle verification requirement d@esenot @pphy to testing
machines manufactured before the implérﬁéﬁtzlgien ‘of E18-07,
unless the testing machine is returned to the :jrizﬁ{ufacturer for

repair.

Al.3.6 Direct Verification Failure—If any of the direct
verifications fail the specified requirements, the testing ma-
chine shall not be used until it is adjusted or repaired. If the test
forces, depth measuring system, machine hysteresis, or testing
cycle may have been affected by an adjustment or repair, the
affected components shall be verified again by direct verifica-
tion.

A1.3.7 An indirect verification shall follow a successful
direct verification.

Al.4 Indirect Verification

Al4.1 An indirect verification of the testing machine shall
be performed, at a minimum, in accordance with the schedule
given in Table Al.l. 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.
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Al4.3 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 Al.3. Hardness measurements shall be made
only on the calibrated surface of the test block.

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

Al4.5 The testing cycle to be used for the indirect verifi-
cation shall be the same as is typically used by the user.

Al1.4.6 Prior to performing the indirect verification, 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 suitable test piece to seat the indenter and
anvil. The results of these measurements need not be recorded.

s2*A1 47 As-found Condition:

seA4.7.1 It is recommended that the as-found condition of
+thieésing machine be assessed as part of an indirect verifica-
*@en.TRis"is important for documenting the historical perfor-
manéa s)f the machine in the scales used since the last indirect
«worstsoation. This procedure should be conducted prior to any

. -@Ieamng, maintenance, adjustments or repalrs

+40 09

3 :Al 4.7.2 When the as-found condition of the testing ma-

.o s hine is assessed,

it shall be determined with the user’s
indenter(s) that are normally used with the testing machine. At
least twe. standardized tesf«blocks, each from a different
hardidsserange as defined dineTable A1.3, should be tested for
each H@&kmell scale that WdH undergo indirect verification. The
dlffe:o‘ence in hardness bes\fd@efr any of the standardized test
blocks shall be at least-5 erdness points for each Rockwell
scage” ':::. .2::..\

Al1.4.7.3 On each stan¥dardized test block, make at least two
measurements distributed uniformly over the test surface.

Al.4.7.4 Determine the repeatability R and the error E (Eq
2 and Eq 3) in the performance of the testing machine for each
standardized test block that is measured.

Al14.7.5 The error E and the repeatability R should be
within the tolerances of Table A1.3. If the calculated values of
error E or repeatability R fall outside of the specified
tolerances, this is an indication that the hardness tests made
since the last indirect verification may be suspect.

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

L E R NN N N/

Range of Standardized MaXImgm Maximum
Test Blocks® Repeatabr‘llty, R Error, ‘E
(HR units) (HR units)
HRA < 70 2.0 +1.0
= 70 and < 80 1.5 +1.0
= 80 1.0 + 0.5
HRBW < 60 2.0 +15
= 60 and < 80 1.5 + 1.0
= 80 1.5 = 1.0
HRC < 35 2.0 + 1.0
= 35 and < 60 1.5 + 1.0
= 60 1.0 + 0.5
HRD < 51 2.0 w10
=51 and < 71 15 eexil0
=71 10 IR
HREW < 84 15 [ XXX T X XX NN
= 84 and < 93 1.5 ceveesiless
= 93 1.0 s400000p 4800
HRFW < 80 1.5 o 23040
= 80 and < 94 1.5.' e 11.0::
= 94 10 e . +1.0
HRGW < 55 20:::: + 1.0
= 55 and < 80 20 e + 1.0
= 80 2082 +10_,,
HRHW < 96 20e +t$.0e000
=% 20° EFEIEE
HRKW < 65 1.5 [ EX XX RN
= 65 and < 85 0ol pE-2 8 Db
= 85 Qe [EXX X R X
HRLW? . peS H
HRMW?E 3 “+£1.0
HRPW? . £10
HRRWE . +1.0
HRSW2 . +1.0
HRVW?Z : + 1.0
HR15N <78 . + 1.0
= 78 and < 903 £1.0
= 90 +07 e
HR30N <55 £1.0,00
=55 and <77 + 10000
=77 . xQlees
HR45N < 37 . v48o0e
= 37 and < 66 . es3bes’
= 66 : :% O.Y: ’
HRISTW <8t . sl
= 81 and < 87 h *2¢0
LN ]
= 87 e 1.0
HR30TW < 57 1t K
= 57 and < 70 ~er+ 1.0
=70 Y x1.0
HR45TW < 33 +1.5
= 33 and < 53 + 1.0
= 53 +1.0
HR15WW?2 +£1.0
HR30WW? + 1.0
HR45WW? + 1.0
HR15XWE +1.0
HR30XW? + 1.0
HR45XW? + 1.0
HR15YWE +1.0
HR30YW? + 1.0
HR45YW? + 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, §, V, W, X, and
Y scales shall be determined by dividing the usable range of the scale into two
ranges, if possible.

(1) Alternative Procedure 1—The testing machine shall be
verified using the standardized blocks from the one or two
ranges that are available. Also, the testing machine shall be
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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.

A1.492 On cach 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 Eqg 2 and Eq 3 for each hardness level
of each Rockwell scale to be verified.

A1.49.3 The error £ and the repeatability R shall be within
the tolerances of Table A1.3. The indirect verification shall be
approved only when the testing machine measurements of
repeagbility and error meet the specified tolerances using at

* ensie Qe Of the user’s indenters.
*A14:Q 3 sLithe case that the testing machine cannot pass the
sseped@bility sind error verifications with the user’s indenter, a

,.nﬁmbeﬁ of cotrective actions may be attempted to bring the

testm% mﬁchme within tolerances. These actions include clean-
inge an anci mamtenance replacing the anvil or using another of
the-user s indenters. The indirect verification procedures shall
l.ag gcgpeated after making the allowed corrective actions.

.

se»

Note A1.3—When a testing machine fails indirect verification, it is
recommended thut-the testing machinesbeeverified again using a Class A
(or better) fnéléntdr for those scales aad hardness levels that failed the
indirect verifipdtiop with the user’s $hggng<}-*If the testing machine passes
the repeatabll‘kty and error tests with a Qlasgs-A indenter, it is an indication
that the uses ‘)mdenter is out of tolemme’A new indenter may be acquired
by the usery 48 a cqrrective action (Jeped1.4.9.4) allowing the indirect
verificatioh rocedutgsgtd pe repeated, FPhout having to perform a direct
verification. If the testing machine centimues 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.

A1.49.5 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 Qualifying 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.

Al.5 Daily Verification

Al.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 gwen in Table
Al.1 for each Rockwell scale that will be usedseese:

A1.5.2 Tt is recommended that the daily V@ﬂiﬁi@ééé' ¥ece-

dures be performed whenever the indenter, an:vrl- ©F $as¢ derce
is changed.

.....f
AR 2 N N ]

AL1.5.3 Daily Verification Procedureé_:t?lzlé’procedu’r'eé fto
use when performing a daily verification aner as follows.

A1.5.3.1 Daily verification shall u§¢ standardized, test®
block(s) that meet the requirements of Afnex A4 (¢ MDIC 3L

.....(
*e e

Daily verification shall be done for each Rogh 33U SIRHlICSe .
to be used that day. At least one tegt Dlockehalisie &dh ahds?

when commercially available; 88 hardidehd $adgd bl 1hé st
block shall be chosen to be sxishian 1% Roekwelspoints of the
hardness value that the te@iﬁlfg-machmé 3§5}5p765§6d to measure.

Alternatively, two test bloekwan be usedg zwﬁan commermally see
available), one hlgher ané one lower than cbe- hardness range- .

that the testing mach.ﬂzeg gs:qx-p.epted to mqegspgq :In cases where
the configuration of the payit 1@ be used §¢ note guitable forsthe
testing of blocks, a su1tab1; ’dle:l qQr, adamqrm:c testing, gt'test
block must be used temporatiig.** R Jeee

A1.5.3.2 The indenter to be used forgthe dally veifichlion
shall be the indenter that is normally uséd Jon tesuifidecs’

A1.5.3.3 Before performing the daﬂy o vorafe oaiibh: ‘tests,
ensure that the testing machine is workmg ﬁieelzyg and ‘that the
indenter and anvil are seated adequately. Malws att least two
hardness measurements on a suitable test plece:”flge results of
these measurements need not be recorded. :

Al.5.3.4 Make at least two hardness measurements on each
of the daily verification test blocks adhering to the 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 For each test block, calculate the error E (see Eq 2)
and the repeatability 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 Al.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 and given in Table

Al.3, the above criteria will be met for that block and it is not
necessary to calculate £ and R.

A1.5.3.6 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—1It 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
see

« s &¥&5ges) and R-charts (measurement ranges), and histograms.

eSS 08500
LA RN J

+ Aké cVenification Report

* N1 sThe verification report shall include the following
infosmadion as a result of the type of verification performed.

s$00 08/

e MLe8.2 Direct Verification:

«+ Ad36.2.1 Reference to this ASTM test method.
'::;\'1 .6.2.2 Identification of the hardness testing machine,
mcludmg the serial number, manufacturer and model number.

Al1.6.2.3 Identification of all devices (clastic proving
devices, gf¢.3 used for the verifieatiop, including serial numbers
and iderfitcation of standd)ds tq Which traceability is made.

AL6.24k Test temperatutd %l dhe time of verification (see
A1223... et

Al 62 5 Yhe individual nicaswrement values and calculated
restd(s ‘used tO~datermine whetllep the testing machine meets
the requirements of the verification performed. It is recom-
mended that the uncertainty in the calculated results used to
determine whether the testing machine meets the requirements
of the verification performed also be reported.

A1.6.2.6 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.

AL.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.

Al1.6.3.4 Test temperature at the time of verification (see
AL2.2).

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
made to determine the as-found condition of the testing

.
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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.

Al1.6.3.8 Date of verification and reference to the verifying
agency or department.

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

206080000
A A RSN BN NN
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Al1.6.4 Daily Verification:

Al.64.1 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 Al1.5). These records can be used to evaluate the
performance of the hardness machine over time.

A2. ROCKYYEEE HARDNESS STANDARDIZING MACHINES

L N N g
/000060
LR R N
LR N N N ]

A2.1 Scope

A2.1.1 Annex A2 specifies the F§§direments for the, .
capabilities, usage, periodic verificatioh ‘and momtormg of e e

LA N R N B
L N N
AR N B
\oc

Jdo o
Rockwell hardness standardizing machihe. The Rock®/elthiud-

ness standardizing machine differs from a Fackiell Birdlihess
testing machine by having tlghter-toieranoe%:(iiéérzéﬁ pesoi-

LE L N R ] &innehyg_

mance attributes such as for@e apphoatm an

LA A N ENRE RN NN

teresis. A Rockwell standa(dmng amachine «is “used for the

19086000
.

standardization of Rockweﬂ'lrardness qndenters as described in, *
Annex A3, and for the-standardlzanon of Rockwell test blocksy ¢
as described in Ann_egc.zg{f

A2.1.2 Adhereme-te)‘thls-standard and annex provide trace-
ability to national stamelnrchse exgept aseated -othelw1se '

Senes Veevia
s0s0cs0sen “eees
Tevese~ ceee
AR N e ..

a.o

O..
/000
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A2.2 Accreditation

A2.2.1 The agency conducting dlrec:tzemdlor inglfrp e Yerifi-
cations of Rockwell hardness standard{dg machifeSeshall be
accredited to the requirements of ISO 17D25 I8¢ 38 §divalent)
by an accrediting body recognized by ¢ Ididddlidhal Labo-
ratory Accreditation Cooperation (ILAC) &3 Z)i)éfatmg to the
requirements of ISO/IEC 17011. An agenoyg faccredited to
perform verifications of Rockwell hardness standardizing ma-
chines may perform the verifications of its own standardizing
machines. The standardizing laboratory shall have a certificate/
scope of accreditation stating the types of verifications (direct
and/or indirect) and the Rockwell scales that are covered by the
accreditation.

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

A2.3 Apparatus

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

A2.3.1.1 The standardizing machine shall be designed so
that: (/) cach 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

* o 0

greater than 0.002 mm/mm (0.002 in./in.). This characteristic
. «ofdhe standardizing machine is not likely to vary with time. As
+ suehethe accuracy of this dimension shall only be certified by
: : : : %ria‘cflgne manufacturer and need not be periodically verified
etyys sckiracg e verification unless the components have been
chuneed.
* A231.4 Indenters—Class A ball indenters and Class A or
,ngi}r,ence diamond indenters as described in Annex A3 (see
s 284t 3) shall be used.
s v A2.3.1.5 Testing Cycle—The standardizing machine shall be
* "capable of meeting each part of the testing cycle within the
tolerances specified in Table A2.1. The manufacturer of the
standaxdia'zing machine shall %&fily each of the five components
of the’ .testlng cycle at the tlme-éf manufacture, or when the
testmg- e sachine is returned to the manufacturer for repair.
A2§-1-6 It is 1mpoptant' th-at the final portion of the addi-
tlona} +force »a.pphcatlon be -c«)ntrolled Two recommended
pmcedures tor properly am;lyrrg the additional force are as
follows: (1) the average indenter velocity 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, 1o (when the time to apply 30+10s
the preliminary force 1z = 1 s, then calculate this parameter

toa
5+ o)

Add%lonal force application, iy (see A2.3.1.8) 10t 80s
Dwell time for total force, tr¢ 50+ 10s
Dwell time for elastic recovery, iy 40+10s
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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 instruments
shall be as given in Table A2.2. The display of thes temperature
measuring device shall have a resolution of at'leggt'}O

A2.4.2 The temperature and relative- humrdqty'@f- éhe- stan-
dardizing laboratory shall be monitored begimne ae l'e'ast one
hour prior to standardization and throughpat ther @tanda'rdrzmg
procedure.

LA N B N AR X NI
LR N 2 N ] “e i

A2.43 The standardizing machine, .';rﬁiénter(s), and test

standardization.

LR AN R ]

blocks to be standardized must be in arp envnronment meeting sse e

the tolerances of Table A2.2 for at 1e;dst one _h.o_ug.gnqr' {0 "o osck

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.

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,
.ands machine hysteresis shall be verified.

A1.6.2.1 Verification of the Test Forces—For each Rockwell
scafos thas will be used, the associated forces (preliminary test
*foree, storal stest force, and test force during elastic recovery)

sosscessescsssce shazlobe-measured The test forces shall be measured by means

A2.4.4 During the standardjzatsone procéss sthe staminsdize -

deeee
ing machine shall be 1solated “fram any mbmtmn*ﬁmt may

affect the measurements. ;:::;: L0000
A2.4.5 The power supi)zy l;(;t.he; G;E;[l'dilg ¥ s:z 1 .

be isolated from any: ekertrscal surges ghatse

performance. Jeevess ceeees

A2.5 Verifications *soceeces. cecoes ,:
AR A N NN B N NN AR N B N N J

A2.5.1 The standardiZ1dg highite shall'dddergo duﬁttand
indirect verifications at periddic intervals aifd wheps&ifdum-
stances occur that may affect the perforhfiace of thetS3ddard-
izing machine, according to the schedulsgivén ik TS8IE"A2 3,

Note A2.2—Periodic direct verification (e\:ez}: 1243 'ﬂu).ls a new
requirement starting with this edition of the staddad §1§ §:32idds editions
of this standard, direct verification was required only'when a!tandardlzmg
machine was new, moved, or when adjustments, modiligations or repairs
were made that could affect the application of the test forces, the depth
measuring system, or the machine hysteresis.

A2.5.2 A standardizing machine used for the standardiza-
tion of test blocks shall undergo monitoring verifications each
day that standardizations are made, according to the schedule
given in Table A2.3.

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

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

single lot is standardized over multiple days.

2800

f'a'Class AA elastic force measuring instrument having an
a'ccura'cy of at least 0.05 %, as described in ASTM E74.

L RN N g

: Je02262.2 Make three measurements of each force. The
ing machine shall « + sfisrees shall be measured as they are applied during testing.
ould affect ife ’ **- A2.6.2.3 Each preliminary test force F, and each total test

force F shall be accurate to within 0.25 % in accordance with
Table A4 crres.

A2 6:2:4 Verzﬁcatzon of:thé ﬁe{vth Measuring System—The
depth hedsuring system SA&IL he verified by means of an
instrudieile having an accigacysof at least 0.0001 mm.

A2, 6.2 5 \Venfy the standaralbzmg machine’s measurement
of* elepth at noe Joss than ‘fous swenly spaced increments of
approximately 0.05 mm at the range of the normal working
depth of the standardizing machine. The normal working depth
range shall correspond to the lowest and highest hardness
values for the Rockwell scales that will be standardized or that
will be used for indenter calibrations.

A2.6.2.6 For testing machines 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.

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)
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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
hysteresis verification is to perform a purely ¢lastic test that
results in no permanent indentation. In this way,.the level of
hysteresis in the flexure of the testing maghingecaqs be deter-
mined. cecceecncne

A2.6.29 Perform repeated Rockwel] s@3%° 08idge g, blunt
indenter (or the indenter holder surface 3¢y dird¢Yedidto the
anvil or a very hard test piece. The te3@ehall be contilidted on
a Rockwell scale having the highest {ekf Jorce that is used for
normal standardizations. .o’ .ee
A2.6.2.10 Repeat the hysteresis tests for a masiwsun of €
measurements and average the last 'three-teit%; Jheeavorage * o

measurement shall indicate A -hardness srpabars ew sthsre

LR R N

130 = 0.3 Rockwell units whdrs Rockwellsudle sondoss B+ £7 F,
G, H and K are used, or wnhm:l'()() *++0.9 Rorkwetl units when

any other Rockwell scfe §gpsed; 2o

A2.6.2.11 Direct Yerfication: Frtinnce s b

L RN N Y
.000..

sesee ‘any Of the dlr,e;z E E
verifications fail thg spg¢ified requirgmédt.sthe standardizpge * -
machine shall nofdge @yl untl it is §Hsed or repaired. Any
parameter that MY Th¥e heen affecidd dYan adjustment or
repair shall be verifidd 383ihiby diredq $¢&rdtlcation. 3§

*e
*S9 60000 AR NN 200

A2.6.3 Indirect Verifiggi®e=Indirect vggificatiqg Jgvolves
verifying the performance of the spdardtzing shgglline by
means of standardized test blocks sfndl, inden&Se Frior to
performing standardizations for any Rkl &l an indi-
rect verification of the standardizing 383dede d&¢ that scale
shall be made within the time period givens i dable A2.3. A
selected number of Rockwell scales shall besindirectly verified
at the time of the direct verification as desctibed below. The
indirect verification of all other Rockwell scales may be made
at any time as long as it occurs within the time period given in
Table A2.3 prior to standardization.

A2.6.3.1 Immediately following the direct verification, in-
direct verifications of a selected number of scales shall be
performed to determine the performance of the standardizing
machine at each force level that the standardizing machine is
capable of applying. An example of an indirect verification for
a standardizing machine capable of applying all force levels is
given in Table A2.5. It is recommended that Rockwell scales be
chosen that will also verify each indenter that will be used.

TABLE A2.5 Suggested Rockwell Scales for the Indirect

Verification of Machines Capable of Performing Both Regular and

Superficial Scale Tests and that Will Use Only Diamond and
1/16 in. (1.588 mm) Diameter Carbide Ball indenters

Preliminary Force Total Force Indenter Rockwell
kgf (N) kgf (N) Type Scale
10 (98.07) 60 (588.4) diamond HRA
10 (98.07) 100 (980.7) 46 in. ball HRB
10 (98.07) 150 (1471) diamond HRC
3 (29.42) 15 (147.1) diamond HR15N
3 (29.42) 30 (294.2) e in. ball HR30T
3 (29.42) 45 (441.3) diamond HR45N
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When national primary standardized test blocks (see Note
A2.3) are available, they should be used for the periodic
indirect verification.

Note A2.3—Primary standardized test blocks are certified at the
national standardizing laboratory level. In the United States, the national
Rockwell hardness standardizing laboratory is the National Institute of
Standards and Technology (NIST), Gaithersburg, MD 20899.

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 AZ2.6. The standardizing testing
machine shall not be adjusted during the indirect verification
procedures.

A2.6.3.3 The indenter(s) to be used for the indirect verifi-
LJgation shall be the same indenter(s) that will be used for future

sgqndardizations. If more than one indenter will be used for the
sahes hardness scale, an additional verification shall be made

oD £088 ndenter.

Rt '2 6234 The test cycle to be used for the indirect verifica-
-t:qn »eshould be the same as the test cycle used by the
-s-tandardlzmg laboratory when calibrating the standardized test

°ble)cks

. e

o' 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
o e . *0 8 .

measwerients on a uniform’ dast piece for the scale to be

verified. The results of these measurements need not be

L 0 LA N N ]

recorded s Ve we

R R R N Ceto0e "

1e226%,6 On cachegagqardized block, make at least five
hardfiess gasyrements d$iduted uniformly over the surface
Of the block.*** entty:

A2.6.3.7 Error—Using Eq 2, determine the error E in the
performance of the standardizing machine for each standard-
ized test block that is measured. The error E shall be within the
tolerances of Table A2.6.

A2.6.3.8 Repeatability—Using Eq 3, determine the repeat-
ability R in the performance of the standardizing machine for
each standardized test block that is measured. The repeatability
R shall be within the tolerances of Table A2.6. If the calculated
repeatability is outside the tolerances of Table A2.6, it may be
due to the non-uniformity of the test block. The repeatability R
may be determined again by making an additional five mea-
surements on each standardized block in close proximity to
each other adhering to indentation spacing restrictions (see Fig.
3). A pattern such as illustrated in Fig. A2.1 is recommended.
The close proximity of the measurements will reduce the effect
of test block non-uniformity.

A2.6.3.9 If any of the error E or repeatability R measure-
ments fall outside of the specified tolerances, the standardizing
machine shall not be considered to have passed the indirect
verification. A number of corrective actions may be attempted
to bring the standardizing machine within tolerances. 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 indirect verification procedures may be repeated after
making the allowed corrective actions. If the standardizing
machine continues to fail the repeatability or error tests

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

Range of Standardized Max;mpm Maximum
Test Blocks Repeatability, R Error, £
(HR units) (HR units)
HRA 20 to 65 1.0 + 0.5
70t0 78 0.7 + 0.5
80 to 84 0.5 + 0.3
HRBW 40 to 59 1.0 + 0.7
60 1o 79 0.7 + 0.5
80 to 100 0.7 + 0.5
HRC 20 1o 30 1.0 + 0.5
35 to 55 0.7 + 0.5
60 to 65 0.5 + 0.3
HRD 40 10 48 1.0 5. + 05
51 to 67 07 eeen + 0.5
7110 75 05 Jeoees, +03
HREW 7010 79 Q70000000005
®0 G008 000
84 to 90 007:0000-006'—'004-5
93 to 100 esses 0000685
HRFW 60 to 75 el e Ceeeuns
80 to 90 .'::0:7:,‘ '::_0-:0:.5
94 to 100 JeSe «e0.5
HRGW 30 to 50 E E :1:0 +0.5
551075 eeel0 +05 eese
80 to 94 2010 L&D v
HRHW 8010 94 e 1.0 .o e e aend XX}
ey | BwI0 © g silirEE, o
{o] [ E X AN NI »
65 to 80 . .
HRLWA 85 to 100 : : : : : .
LN N ] .0 L] L]
HRMWA eoe oo .
HRPWA cee . .
HRRWA (XX ] . .
HRSWA o . :
HRVWA L4 LR ]
HR15N . .o
L S .
90 10 92« LIS e
HR30N 421050 *eeeenser. ?
55 to 73 Teoevse~ .
77 to 82 tee o .o 0.4
HR45N 20 to 31 oo ;o X
37 to 61 . .. :
66 to 72 :: ::::’:0.4
HR15TW 74 to 80 oo ees =07
81 1o 86 Ne *er L 05
- L ]
87 to 93 . + 0.5
HR30TW 43 to 56 M + 0.7
57 to 69 + 0.5
70 to 83 + 0.5
HR45TW 13 to 32 + 0.7
3310 52 + 0.5
531073 + 0.5
HR15WWA + 05
HR30WWA +0.5
HR45WWA +0.5
HR15XWA + 0.5
HR30XWA + 0.5
HR45XWA + 0.5
HR15YWA + 0.5
HR30YW# + 0.5
HR45YWA +0.5

A 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, high and low. Standardized test blocks for the R and S scales may be
available at only one hardness level.

following corrective actions, the standardizing machine must
undergo adjustment and/or repair followed by a direct verifi-
cation.
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Closest
spacing
allowed

FIG. A2.1 Suggested Pattern for Repeatability Measurements

LeeeA2.6.3.10 It is recommended that immediately following
40¢ successful completion of an indirect verification, user test
Hé¢Ks.are calibrated for use as monitoring blocks as outlined

3854170

of test blocks, and the calibration and use of monitoring test

blocks.

A2.7.2 The standardizing laboratory shall monitor the per-
formancerof a standardizing machine used for the standardiza-
tion @f test blocks betwgen, pgriodic direct and indirect verifi-
catips by performing ;moygifaring verifications each day that
stfiptdizations are fdae sFgording to the schedule given in
Tapld A2°X JMpnitoring vilifitations are indirect verifications
performed with *monitordg 3¢ blocks that bracket the stan-
dardization hardness level.

A2.7.3 The standardizing laboratory should track the per-
formance of the standardizing machine using control-charting
techniques or other comparable methods. The control charts
are intended to indicate whether there is a loss of measurement
control in the performance of the standardizing machine

A2.7.4 Monitoring Test Blocks—Test blocks that meet the
physical requirements (see Table A4.1) and the uniformity
requirements (see Table A4.2) of Annex A4 shall be used. The
monitoring test blocks shall be at 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 Moniforing 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
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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.

A2.7.5.2 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

A2.7.5.3 For each of the monitoring test bl!)eks °1et H, be
the average of the calibration values ag :rgq@p. 2k ;by the
standardizing machine. The value of H,, {3 $ATeQed for
the error £ that was determined for th3isRH&Kwell L3R and

hardness level as a result of the indirepf ¥&dfication.* %!

A2.7.6 For each monitoring block, 3f¢ following informa,
tion shall be recorded and retained forea} Teast the time,peridd

LA R

during which the monitoring block calibration.is &alille s s«
A27.6.1 Serial number. cecesscessses

..r

A2.7.6.3 Date of cahbratqer; e

A2.7.7 Monitoring Maﬂwi' It iseickcomu@ended that con-
trol charts or other coniparablke met'hods be-used to monitor the»
performance of the smnamdlzmg maehine sbetween verlﬁea
tions. Control charts-gp(mde a method-for czetectmg lack of
statistical control. klyere saye many pubh@atl(ms available that
discuss the design and'usc pf 'cgmtrol chares' such as the°ASTM
“Manual on Presentatmn‘qf:]?at‘a’and Confrp]: Chart.zggqusm
6th Edition,” prepared by Committe¢ ,E11 *on Qu#iiy and
Statistics. The standardizing laboratoryishdpld deil @ 3id use
control charts that best apply to their e3¢ 088dks ¢

A27.8 Monitoring Procedures—The3pDige Monitoring
procedures shall be performed before and™&f}drsctadh lot of test
blocks is standardized. When standardizationsi§ffa single lot of
test blocks spans multiple days, the monitoring procedures
shall be performed at the end of the work day and at the start
of the following day during the period that the lot is standard-
ized. In addition, the monitoring procedures shall be performed
whenever the indenter, anvil, or test force is changed.

A2.7.8.1 Atleast two monitoring test blocks shall be used in
the appropriate hardness ranges that bracket the hardness level
to be standardized. These ranges are given in Table A2.6. For
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.
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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 A2.6.

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.

A2.7.8.6 If any of the error E 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

_JEpeated after making the allowed corrective actions. If the
s o s981dardizing machine continues to fail the error tests follow-

s 0
* 80

o sihibkblrective actions, the standardizing machine must undergo
* AGethiehy and/or repair followed by a direct verification.

*A2IRT Whenever a standardizing machine fails a moni-
thiings Verification, the standardizations made since the last
. ewalick thonitoring verification may be suspect.

...-1227 8.8 Examine the measurement data using control

oe oh-arts or other monitoring systems that are being used (sce
oo e Note A2, 4). If the monitoring verification data indicates that

the standardizing machine is within control parameters, stan-
dardiza(ipns are considered 1@ %, valid.

*se e LR N ] L 4

Notg A2.4—Control chart Yatg situld be interpreted by the laboratory
based (n10pu<t experience. The 11eed fer corrective action does not depend
solelye dn data falling outsids $hecbntrol limits, but also on the prior data
leadingto tilig gccurrence. "As afdeh@ral rule, however, once the standard-
izing machine K ¥etermined toesin control, a single occurrence of data
falling outside the control limitsshould alert the laboratory to a possible
problem. The level of action that is required depends on the history of the
machine pertormance. It may be precautionary such as increasing the
monitoring frequency, or corrective such as performing new direct and
indirect verifications.

A2.8 Verification Report

A2.8.1 Direct Verification:

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 (clastic proving
devices, ctc.) 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.
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A2.8.1.7 Date of verification and reference to the verifying
agency or department.

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

A2.8.1.9 Accreditation certification number.

A2.8.2 Indirect Verification:

A2.8.2.1 Reference to this ASTM test method.

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

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

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

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

A2.8.2.6 The individual measurement valudsand &dlédlated
results used to determine whether the standadizing isachine
meets the requirements of the verification ?ér:férzlﬁed. :I\ZIgfga.que-

ve
A

L N B N

see e
L ¥ X4 so e
[ X} P XY .
. PEY X RN ¥ .

. “s00cevsos

A3. ST

“/ 2900008000000 00000
ss00 e0c0creccsccrsroe

PEE XY X) eeresece seces -

A3.1 Scope ceenes oee v
s00000 [ E X NN RN YN N

A3.1.1 Annex A3 specjfidsthd Teqlildfedis aind procedures
to manufacture and stang 33324 theRACKREIL dfamond sphero-,
conical indenter and Rack$&M ball ind&d&detdr use with all. .
Rockwell scales. ,eecees cececs

1000000 [ E N X N B J
Note A3.1—Previout desions elethis standagd 5ﬁe§i}ied that diamond

indenters used for calibrafi¢farfide} e, followih§ eddmetrical rgdire-

l‘nent§ *9 800008 A NN 400
included angle of 120 = 0314:°°” e ceee
mean radius of 0.200 * 0.005 mm; and § o * Leeees
radius in each measured section of 0.200 #30.007 mp 292

It is believed that diamond indenters meetine «leese solaramces are not
2000

reliably available on the world market at this tim;.:d(;wﬂ]blen.ﬂy for this
revision, the tolerances for the geometric fealuldadfathd LIdss A and
Reference diamond indenters have been temporarily %ddenédto the levels
of Class B indenters until such time as indenters hav1ng-t1-ghter tolerances
become reliably available.

A3.1.2 The Annex covers two levels of ball indenters,
designated by this standard as Class B, and Class A. 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
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ments made to determine the as-found condition of the
standardizing machine shall be included whenever they are
made. It is recommended that the uncertainty in the calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed also 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.

.....l

HI§EKssih accordance with Annex A4. Reference indenters are

,dngehdéd for the standardization of Class A indenters.
[ E B R B R

eee o3 1.4 This Annex also provides the schedule for verifying

mdenters

A3.1.0, &vherence to this® Stgndard and annex provides
traceabi}ily to national stafdatds,séxcept as stated otherwise.

A R N N Y *s0 00

A3.2; Acereditation P

\d...“’
O..' ' e
*e 400

A3‘2‘1 The,a,g,ency cond@gte the standardizations of in-
denfers shall be*accredited; @ thtitequirements 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 laboratory shall have a certificate of accreditation stating
the class and types of indenters that are covered by the
accreditation. Only indenters of the class and types within the
laboratory’s scope of accreditation are considered to meet this
standard, except as stated below.

Note A3.2—Accreditation is a new requirement starting with this
edition of the standard.

A3.3 General Requirements

A3.3.1 The standard Rockwell hardness indenters are the
diamond spheroconical indenter, and tungsten carbide (WC)
ball indenters with diameters of Y16 in. (1.588 mm), Y& in.
(3.175 mm), V4 in. (6.350 mm), and 2 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
5.1.2.D).
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TABLE A3.1 Indenter Types for Specific Rockwell Scales

Scale

Symbol Indenter Type
HRA Diamond Spheroconical
HRBW WC Ball - ¥ in. (1.588 mm)
HRC Diamond Spheroconical
HRD Diamond Spheroconical
HREW WC Ball - ¥ in. (3.175 mm)
HRFW WG Ball - ¥ in. (1.588 mm)
HRGW WC Ball - ¥is in. (1.588 mm)
HRHW WC Ball - Y& in. (3.175 mm)
HRKW WC Ball - ¥ in. (3.175 mm)
HRLW WC Ball - ¥4 in. (6.350 mm)
HRMW WC Ball - ¥4 in. (6.350 mm)
HRPW WC Ball - ¥4 in. (6.350 mm)
HRRW WC Bali - Y2 in. (12.70 mm)
HRSW WC Ball - %2 in. (12.70 mm)
HRVW WC Ball - %2 in. (12.70 mm) .
HR15N Diamond Spheroconical N
HR30N Diamond Spheroconical et
HR45N Diamond Spheroconical (AL E LA
HR15TW WC Ball- Vs in. (1.588MM) o eeececees
HR30TW WC Ball - Vie in. (1.588 mm) ®essesesese:
HR45TW WC Ball- s in. (1588 MM) cecee sessse.
HR15WW WC Ball - V& in. (3.175 mm)} : : : ¢ d : : : : :
HR30WW WC Ball- ¥8in. (3.1775 MMp e s e e - A XX X
HR45WW WC Ball - % in. (3.175 mmJ 3 o 3 * %
HR15XW WC Ball - %4 in. (6.350 mmp e e ¢
HR30XW WC Ball - ¥4 in. (6.350 mmj 3 7
HR45XW WC Ball - %4 in. (6.350 mmb X
HR15YW WC Ball - ¥ in. (12.70 mm§ ' tet ettt
HR30YW WC Ball - %2 in. (12.70 mm) ~-900000000000
HR45YW WC Ball- 72 in. (1270 0) 2 eeeeeeecsecesenn
- %08 *e ..........
-0 80 LR [ NN N R NN
LA A NN N R J LN BN B
LA N B N N *e *e .
100000 [LE R RN E NN N B

A3.3.2 The standardizing J3Rgra®ty enyirdaddat. the stan-
dardizing machine, and th¢s$@fdarfitAAg s8¢ Lycle shall

satisfy the requirements of A ilex AZ2. cecees .

A333 All instrumens afspd, to make Nigafements re-

quired by this Annex shaf e ¢qithyated «rgdabito nationa]
standards where a system of {h¢EabIy. existie.e¢ept as nged
Otherwlse AR B N B N N4 cTe e N R N

L N ‘. LA RN

20000

A3.3.4 All classes of diamond mdenters'zm;l ball indeheers
shall be verified for correct geometry ardly pEsforfidids n
accordance with the schedule specified in bl Adedees’

T oS OROOGOST
AL NN NN NN

A3.4 Ball Indenters

A3.4.1 Ball indenters frequently consist of a hdkder, a cap
and a ball. The standardization process defined in this section

TABLE A3.2 Indenter Verification Schedule

Indenter

Geometrical Features Performance
Type

Class B When an indenter is new. When an indenter is new, and

diamond when suspected damage has
occurred.

Class A When an indenter is new. Shall be within 12 months prior

diamond o standardization testing and
when suspected damage has
occurred.

Reference When an indenter is new. When an indenter is new, and

diamond when suspected damage has
occurred.

Class A Balls shall be verified for Ball holders shall be verified

and dimensions when new. when new, and when suspected

Class B Ball holders shall be verified for damage has occurred. (This

ball ball protrusion when new. requirement does not apply

when simply replacing a ball.)
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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.

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.).

Note A3.3—Balls that conform to ABMA Grade 24 satisfy the
requirements for size and finish for Class A and Class B as specified in
ABMA $tandard 10-1989.

*eeA34s3d o The hardness of a tungsten carbide ball shall not be

less zﬁz;n' 45(5() HVI in accordance with Test Method E92

.- A’% 4-3' 5 °The material of tungsten carbide balls shall have a
denszty' pf 4.8 = 02 g/cm’, and the following chemical

cofpQgition:
sesee/ . .
» oJolalevéher carbides 2.0 % maximum
o :qopa‘n {Co) 501t07.0%
e » Tungsten carbide (WC) balance

A3.4.3.6 The surface hardnesg of ,a steel ball shall not be
less than 740:MVI in accordanqe, w:(t,‘h Test Method E92 or
E384. oiaen

A3.43773E6 the purpose of weiTying the requirements of
the ball ehentin A3.4.3, i€ IS codsidered sufficient to test a
sample set' of Balls. selected %d erandom from a batch in
accordance with the'schedule speéified in Table A3.2. The balls
verified for hardness shall be discarded.

A3.4.3.8 To meet the above requirements for indenter balls,
the indenter standardizing laboratory may either verify that the
balls meet the requirements, or obtain a certificate of verifica-

tion from the ball manufacturer.

A3.4.4 Ball Holder—The ball holder shall meet the follow-
ing requirements:

A3.4.4.1 The material used to manufacture the portion of
the ball holder that supports the test force should have a
minimum hardness of 25 HRC.

A3.4.4.2 The ball shall protrude outside the holder a mini-
mum of 0.3 mm. This requirement may be verified by direct
measurement or by performing the appropriate Rockwell scale
test on a standardized test block that has an equivalent hardness
of 10 HRBW or softer. The protrusion is sufficient if the
hardness result is within = 1.5 of the certified value of the
block.

A3.4.5 Performance Verification of Ball Indenter Holders—
The influence of the ball indenter on the hardness value is not
due solely to the previously specified features of the ball, but
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also on characteristics of the ball holder that may vary due to
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 vsing 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’.:(l‘588 mm)
Class B indenters may not be able to perform -tes-ts «uemg the
Rockwell scales required for verification of nopmal-mdentess in
Table A3.3. For example, this applies to thmvtqg 4/5 e -(; -588
mm) ball indenters that cannot support HRSs soa'le tese for-:es
These limited scale indenters may be used' prowded the:y'are
certified for the scale or scales they are d::glgned to perform by

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
Y16 (1.588) 67 to 90 HR15TW + 0.8 HR15TW
HR15TW scale
Y16 (1.588) 30 to 77 HR30TW + 0.8 HR30TW

HR30TW scale

owner or a calibration agency. A testing machine that meets the
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

using the test block or blocks for thos¢ $fales as defined in, 33 ai¢dflance with the schedule specified in Table A3.2.

Table A3.4. In all cases the test report sifall define thg sgdib0
scales the indenter is certified to perforth. Teeeeesens

r LR I N L I N

* 22 880322 Geometric Requirements of Class B Diamond In-

.0

A3.4.5.2 Prior to the performance verifichlidfe $dI3¢ 304iss. RpeILI’

the testing machine is working, &§¢ly;
be verified and anvil are sealéd hﬁéduaiél'y:Malé' o84St two

hardness measurements onezs ﬁﬁi?érm Eeﬁ piaces The results of
* [ XN N ]
these measurements needsRGteBe racos

A3453 Onthe standardrzed tést blo@k -nilake at least three- oo

measurements dlsmlguted-umformly overb -th@ test surface.
Determine the differenee shegween the avemge of the threg or
more measurements ard g@:@glprated v'ahre'of'the test black

A3.4.54 For acceptabﬂt}g whe ;lrfference'sfraﬂ be w1‘thrrr the
tolerances specified in Tabfer A3.3 for the cigss of, dijdehter
being verified or Table A3.4 for the sindfilar or liggd Xtale

indenter being verified. p s

S0 6000 00000
I A R E N R NNENNSEN]

A3.4.6 Ball indenters frequently congigte 9f peltaider and a
removable cap that allows periodic chafgings of *the ball.
Indenter caps can be damaged during use ahllsthffefore may
have to be replaced. When the cap is replaced with a new cap,
the ball indenter assembly shall be performance tested before
use by performing a daily verification according to A1.5.3.1.
The test block used should have a hardness equal to or softer
than the softest material that is expected to be tested using the
indenter. The verification may be performed by the indenter

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

Ball Size Ranges of Class A Class B
. Required Test
in. (mm) Blocks Tolerance Tolerance
Y16 (1.588) 20 to 100 HRBW + 0.4 HRBW + 0.8 HRBW
Vs (3.175) 68 to 92 HREW + 0.4 HREW + 0.8 HREW
Ya (6.350) HRLW, HRMW, or + 04 HR + 0.8 HR
HRPW (any level)
2 (12.70) HRRW, HRSW, or + 0.4 HR +0.8 HR

HRVW (any level)

> and (i 30€ Iddenldritd® ”

A3 240 The polished portion of the diamond indenter shall
bge &8¢ Yfom surface defects (cracks, chips, pits, etc.) when
Ob3&dad under a 20x magnification. The indenter shall be

+ polished to such an extent that no unpolished part of its surface
« muakes contact with the test piece when the indenter penetrates
%6 a depth of 0.3 mm.

A3.5.2 2 Verlﬁcatlon of the followmg geometric features
shall be-made at not less, them f@ur approximately equally
spaced ﬁrll cross-section pmﬁles'For example, four profiles
would | be'waced at approgqmave}y 45° intervals.

A33.29 The diamongk shglf ,have an included angle of
120 £ 035" &pe Fig. A3 Digsee

AT5.2.4 Theedp of the giamdad shall be spherical with a
mean radigs 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 mm.

A3.5.2.5 The surfaces of the cone and spherical tip shall
blend in a tangential manner. The location where the spherical
tip and the cone of the diamond blend together will vary
depending on the geometrical values of the tip radius and cone
angle. An indenter with a perfect geometry will have a blend
point located at 100 um from the indenter axis measured along
a line normal to the indenter axis. To avoid including a blend
area that does not occur at 100 um in the measurement of the

Included Cone Angle
120 degress
. ST ~ 2y
7 Spherical N
JRadius of Curvaturel,
0.3 wmm

FIG. A3.1 Diagram of Cross-Sectional View of Spheroconical Dia-
mond Indenter Tip
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tip radius or cone angle, the portion of the diamond surface
between 80 um and 120 um may be ignored.

A3.5.2.6 The instrument(s) used to verify the geometrical
features shall be capable of measuring to the accuracies given
in Table A3.5.

A3.5.277 The verification of the geometrical features of the
diamond may be made by direct measurement or by measure-
ment of it’s projection on a screen provided the accuracy
requirements are met.

A3.5.2.8§ When the projection on a screen mebhod is used,
the contour of the diamond projection is compaled-te»hnes on
the screen that indicate the dimensional tolergage i 2 bn this
case, measurement values for the geometfigal feagyrs age not
required. It is sufficient to state that tijef §¢Qares g syithin
tolerances. p

e

A3.5.3 Performance Verification ofs .Cic;ss B Diamond In-,
denters: b .

-0 e

A3.5.3.1 The influence of the dlaznond inderdt dhe the
hardness value is not due solely to the JuréRidhSIYe Sl
features of the indenter, but alsp, @i Ot s3I SAB oL
vary due to manufacturings pldckdudeds (o £XkEidE *these
influences, the performandes@fe ddchs €l B diddehier shall be

verified by comparison .to.the parfernacesof a qualifying
Class A or Reference indeator. .«°""ceeees

A3532 Dlamond qnéenters may 5@ -veﬂ-ﬁed for use m
limited Rockwell scales -as follows: regular Rockwell scales
only; superficial Re)ekwel-l -wales only-'or-both regular and
superficial Rockwell scales -Spemal igmend mdenters in-
tended for single or hmm;q seale use anch ;n.denterg,.gu'ch as
side cut diamond indenters, that becafge of their 2pdpifetries
cannot support the heavier loads of sofesRockwl} $¢dies are
also allowed. In all cases the test reporteshd B Heide IS scale or
scales the indenter is certified to perfotd s escsss?

A3.5.3.3 The performance verificationt §§ 3&bhtplished by
making hardness measurements on test bIbSES ‘meeting the
manufacturing requirements of A4.3. I

A3.5.3.4 Prior to the performance verification, 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 using a total force of 150
kgf, or the greatest test force that the indenter can support. The
results of these measurements need not be recorded. This
procedure shall be repeated each time the indenter is changed.

A3.5.3.5 Using the qualifying indenter, perform the daily
verification procedures of A1.5.3 for the scales and hardness
levels that will be used for the indenter performance verifica-
tion. If any of the error £ measurements or the repeatability R

LA N N NN ] IR

TABLE A3.5 Minimum Measuring Instrument Accuracies for
Verifying the Geometrical Features of Class B, Class A and
Reference Diamond Indenters

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)

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.

. «3pccial singular or limited scale indenters (see A3.5.3.2) shall
+ o e Gartified for use on singular or limited scales using the test
"+ o ISR defined in Table A3.7. For example, if an HRA scale

* «anly odid@iond indenter is desired, the two HRA scale test

L LA

b'l@ek&aeﬁned in the table would be used. If an indenter to be
L)SCG[:I;I' the 15N and 30N scales only is desired, then 4 test
-bleeks would be used, 2 in the 15N scale and 2 in the 30N scale

: :a;s:c}ehned in the table. Record each test result and the location
"‘(zf'the indentation. Let H, be the average of the qualifying

LR N ]

> * * “measurements.

A3.5.3,8 Using the Class B jndenter to be verified, perform

vertﬁt;z{zgn tests on the t@s't:tiléqlgs previously tested with the
Class X ot Reference indegnggrs One verification test shall be
made Wiflin 6 mm of ¢achs §dalifying indent. Let H, be the

aveltdd '6f. the verifyinigs fgddurements.

~A3'.5.3‘9 ']:tte.number ol Merifying tests that can be made
adjacent to each qualifyin'd® {est 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.
A3.5.3.10 For acceptability, the difference between the

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

Class B
Tolerance
Ranges of as Co;gpared
Indenter Type Required Test Class A or
Blocks Reference
Indenter
HO'HV
Regular Scales Diamond 22 1o 28 HRC + 0.8 HRC
80 to 65 HRC + 0.4 HRC
Superficial Scales Diamond 88 to 94 HR15N + 0.5 HR15N
60 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
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TABLE A3.7 Test Blocks to be Used for Singular or Limited Scaie
Diamond Indenter Performance Verifications and the Maximum
Tolerance on the Performance Relative to the Class A or
Reference Indenter

Tolerance
Ranges of as Compared fo
Indenter Type Required Test Class A or
Blocks Reference Indenter
Ho" Hv
HRA Scale 61 to 65 HRA + 0.8 HRA
81 1o 84 HRA + 0.5 HRA
HRD Scale 41 to 46 HRD + 0.8 HRD
70 to 75 HRD + 0.5 HRD
HR15N Scale 70 to 74 HR15N + (0.8 HR15N
88 to 94 HR15N + 0.5 HR15N
P BN
HR30N Scale 43 to 49 HR3ON +0.8 HER®ON,
77 to 82 HR30N + 0.5 MR30Ne @ o

409009000
:S'J‘..O.Q.
Teessessee

qualifying and verifying averages, H,— H,, $44l{ be within thd
tolerances for Class B indenters of Table AZ& ‘or Table A3.7
for the singular or limited scale indenter bamg verified.

-® s
PR R NN NN 2

' d.‘......

A3.6 Class A Diamond Indenters
A3.6.1 Class A indenters are lpterrded’toz 5& :l;Séé :f;); :tl.ﬁé:

standardization of Class B md;:gl?i?: ir; ageqrgiange puige this
Annex; the standardization of Rp§RYEH haipdriess gest blocks as
described in Annex A4, and?3s$ 8 qfouHieshpdeing sool during
the indirect verification of RQ&kIel! hidrdnegsatg$idile machines
in accordance with Anngks43e They are EI{lisfor correct
geometry and performddée I8 Secordance Willf e schedule
specified in Table A3.2.%¢eseeecs. cecces

A3.6.1.1 The mstrument(s): iied: i(i verily iﬁe: 'geometrsc:al
features shall be capable of measwing to the accusames Siven

in Table A3.5. b ,:::::

A3.6.2 A Class A diamond indenter shalf hides 418 dI dhe
manufacture and geometric requirements 10 o Ldasse Bedia-
mond indenter given in A3.5.2 with the foh'oileﬁé :aHthlonal
requirements. See also Note A3. 1.

A3.6.2.1 The deviation from straightness of the generatrlc
line of the diamond cone adjacent to the blend shall not exceed
0.002 mm over a minimum length of 0.40 mm.

A3.6.2.2 The angle between the axis of the indenter and the
axis normal to the seating surface of the indenter shall not
exceed 0.5°.

A3.6.3 Class A diamond indenters have tighter performance
tolerances than Class B diamond indenters. The performance
of each Class A indenter shall be verified by comparison to the
performance of a Reference indenter.

‘....'

A3.6.4 Perform the qualifying and verifying measurements
as described in A3.5.3 for a Class B diamond indenter, except
that the qualifying measurements shall be made using a
Reference diamond indenter on each test block from each
range defined in Table A3.8 for the type of indenter to be
verified.

A3.6.4.1 For acceptability, the difference of the average of
the three qualifying measurements and the average of the three

L d
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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
Ho—Hy,
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 69 HR30N + 0.3 HR30ON
42 to 50 HR3ON + 0.4 HR45N
22 to 29 HR45N + 0.4 HR45N
Combination Regular and 22 1o 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

irére :,rmg measurements, H,—H,, shall be within the tolerance
f;sd- foreClass A dlamond indenters in Table A3.8.

..O......
LR R RN R NN N

A,’).7 Refptd{ce Diamond Indenters

A§f7§f Elie.ference diamond indenters are intended for the
stapdqritzation of Class A diamond indenters. The reference
ingie ¢l Shall have tighter performance tolerances than Class A
,34¢q CIdss B indenters and shall be verified for performance by
. s+ 88thparison to an indenter recognized as the national reference
" indenter(s) of a national Rockwell hardness standardizing
laboratory. e Note A3.4), . 25

Note A3.4+Th the United Sta&s’,'tﬁe enational Rockwell hardness
standardizingg JapPitatory is the Natils] Institute of Standards and
Technolqgl:(g\gfiT). iy

A3.7.2 Georlatcic Requitémdss bf Reference Diamond In-
denterss*° ‘les cos

A3.7.2.1 Verification of the ¥dfllowing geometric features of
a Reference diamond spheroconical indenter shall be made at
not less than eight approximately equally spaced full cross-
section profiles. For example, eight profiles would be spaced at
approximately 22.5 degree intervals.

A3.7.3 A Reference diamond indenter shall meet all of the
manufacture and geometric requirements for a Class A dia-
mond indenter given in A3.6.2. See also Note A3.1.

LR

Al N 2 ERL R BN N NN

A3.7.4 Performance Verification of Reference Diamond In-
denters:

A3.7.4.1 The performance comparison shall be performed
by a national Rockwell hardness standardizing laboratory, and
shall meet the performance tolerances of Table A3.9.

A3.74.2 Perform the qualifying and verifying measure-
ments as described in A3.5.3 for a Class B indenter, except that
at least four qualifying measurements shall be made using a
national reference indenter (see A3.7.1) on each test block
from each range defined in Table A3.9 for the type of indenter
to be verified.

A3.7.4.3 For acceptability, the difference of the average of
the five qualifying measurements and the average of the five
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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
Indenter Type Required Test tOC;)n’:‘;;etli:)e: al
Blocks Reference
Indenter
HQ_ Hv
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 MRC
Superficial Scales Diamond 62 to 65 HRC +0,308G .
88 to 94 HR15N + o3 bR W5
40 to 48 HR45N EodoRc =l %5 by

SO SO 80 OSSN
FE N B N NN BN NN N
LE N N N LA AN BN N
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verifying measurements, H,—H,, shall be wiltid e tolerahis!
specified for Reference indenters in Table #e8 Yor each test.
block used in the verification. cee’

A3.8 Marking Jsessee
A3.8.1 All indenters shall be serialized. Wkie'ﬂ‘

c.........
.........'.
LR ]

A3.9.2 Indenter balls for Class B and Class A indenters shall
have a report, applicable to one or more balls, with the
following information:

A3.9.2.1 Reference to this ASTM test method.

A39.2.2 Identification of the lot or batch.

A3.9.2.3 A statement declaring that the ball meets all of the
geometrical, density, chemical composition and hardness re-
quirements for the particular Class of Rockwell ball indenter.

A3.9.3 Class B Diamond Indenters—FEach Class B diamond
indenter shall have a calibration certificate with the following
information:

A3.9.3.1 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.

A3.9.3.5 Accreditation agency certification number.

A39,3.6 The scale(s) that the indenter is certified to per-

LUt ¢hep certified for singular or limited scales.

*A3 94 4 :C:'lms A Diamond Indenters—Each Class A diamond
{ndenger shald Irave a calibration certificate with the following

practical to mark the serial numbey opsthe mq c;r:é .e: éozs:ﬁé s oS prormdart S

limitations, the serial number shajl:liq. E(;ailge,tl:qq thesaamidiner.

A3.8.2 Diamond indenters gliélilé be .»n:nétl:léeélsté iﬁdicate the
scales that they are certified 4@ sperforme for expmple, regular
scale diamond indenters :mpyebe markeds gttt u “C” and
superficial scale diamopgle fgdenters may bpeingked with an
“N”. Combination inden3¢idshdy be markefle it both a “C”
and an “N”. i, .

A3.8.3 Single or limited scale fntienters shalt be; marked 3¢
indicate the scale(s) they are certified to perform. When i¢is
practical to mark the scale on the ind€figr, due, 3Q28i2¢
limitations, the scale shall be marked on thE Py ses’

eSS0 000000
AR N B N N N N B N 4
AR R N N NN N N J

A3.9 Certificate feesces:

A3.9.1 Ball Indenters—Each Class B and Clabs A ball
indenter holder shall have a calibration certificate with the
following information:

A3.9.1.1 Reference to this ASTM test method.

A3.9.1.2 Serial number of the indenter.

A3.9.1.3 Date of standardization.

A3.9.1.4 A statement declaring that the indenter meets all of
the material hardness, ball protrusion and performance require-
ments for the particular Class of Rockwell ball indenter.

A3.9.1.5 Accreditation agency certification number.

A3.9.1.6 The scale(s) that the indenter is certified to per-
form when certified for singular or limited scales.
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A338:4.1 :Reference to this ASTM test method.
A39:4.2 Serial number of the indenter.
A3Ded3 Daie of standardization.

«sA3D'4.4 The results of all geometrical verifications.
+2°A3.94.5 All qualifying and verifying performance mea-
surements with the hardness levels of the test blocks used.

A394. 6-The performance ¢ dlfferences between the Refer-
ence standa"dlzmg indenter and {hee verified Class A indenter

H Hv,ﬁof.ﬁfdbfl test block used. ot ®:

AR A A N N J ee 9’ 1 @

A3.9.4.7:Astgtement dectarigg gt the indenter meets all of
the geamétrical A¢ performange te,qmrements for a Class A
indenter. b

A3.94.8 Accreditation agency certification number.

A3.9.5 Reference Diamond Indenters—Each Reference dia-
mond indenter shall have a calibration certificate or report with
the following information:

A3.9.5.1 Serial number of the indenter.

A3.9.5.2 Date of standardization.

A3.9.5.3 The results of all geometrical verifications.

A3.9.5.4 Serial number of the reference indenter.

A3.9.5.5 All qualifying and verifying performance mea-
surements with the hardness levels of the test blocks used.

A3.9.5.6 The performance differences between the refer-
ence indenter and the verified Reference indenter H,—H, for
each test block used.
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Ad.

Ad.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 Ap:iex A2,

A4.1.2 Adherence to this standard and annexs qrevides
ey . »e 800N
traceability to national standards, except as stated xROrSE, s
LA N B B NN N
4006000000000
s00680 L N N
0000 LR N B N A

Ad.2 Accreditation

A4.2.1 The agency conducting the stanc?ardlzatlons of tasy
blocks shall be accredited to the reqmremen@rﬁjSO 17025 (or*
an equivalent) by an accrediting body 1pg@gnized by the
International Laboratory Accreditation Coofj¢ration (ILACI 28 .
operating to the requirements of ISO/IEC 17011 The $&033:3s o
izing agency shall have a certificate/scope, 88 a&UNDGS .

stating the Rockwell hardness scales 34t ard cdovatdl Dy bé e
accreditation, and the standasdse ¢@e Which stheé ¢ &5t .b’lock

standardizations are traceable. : : e seesesias

* e 2000 LX) . -
OTE — Accreditation is & &V Te uvem ang with this
N Ad.1—Accreditati th th
LR K NN N4 L E N X ]

edition of the standard. seceee

LE N K N N4
[N N X N4
1000000

A4.3 Manufacture

A4.3.1 The attention Y 4@ Hddnufactured3df &3t blocks i¢
drawn to the need to use mAidl $8d 8 manu¥3dliting proceds

which will give the necesSatyshdmogeneity,s Stabilitye DE
structure, and uniformity of surface hardness. For .gualidy
control purposes, test blocks should be exammeddor hoinoge”

*s s 00

neity and uniformity of surface hardness m-accerdanee wadh a

statistically acceptable sampling procedure.~ : sesscecnr

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

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

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

\.1
N

TABLE A4.1 Physical Requirements of Standardized Test Blocks

Test Block Parameter

Tolerance

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

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

STANDARDIZATION OF ROCKWELL HARDNESS TEST BLOCKS

A4.4 General Requirements

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

A4.42 All instruments used to make measurements re-
quired by this Annex shall have been calibrated traceable to
national standards where a system of traceability exists, except
as noted otherwise.

A4.5 Standardization Procedure

A4.5.1 A test block is standardized by calibrating the
average hardness of the test surface to a specific Rockwell
hardness standard. Only one surface of the test block shall be
calibrated. When possible, the test blocks should be calibrated
traceable to national Rockwell standards (see Note A4.2). The
Rockwell standard to which the test blocks are traceable shall

. B¢ 3&2&d in the certification.

* Nar eALE+In the United States, the national Rockwell hardness
o o starfdfidAifes Idbpratory is the National Institute of Standards and
::"fe.ehn(ﬂog’(N{ST) Gaithersburg, MD 20899.
ee- Note A48uP11ma1y standardized test blocks are available as Standard

RefercadesNiaterial from NIST, Gaithersburg, MD 20899.

,445.2 ‘Class A ball indenters and Class A or Reference
Jdabidndt indenters as described in Annex A3 (see Note 3) shall
< 0¢ 118&d for the standardization of test blocks.

R N

A4.5.3 The standardization procedure involves making
hardness meadQrements on the” teSt hlock surface using the
forces and ype of indenter thagar® hppropriate for the hardness
Scale RN N Y LA A NN ]

A4.53. 1 -M-ake at least ﬁ\ie- measurements distributed uni-
formly over the tost surface

LA N Bd V&Cu

7....
T

A4.54 Determine the nonunsermy range Hy of the mea-
surements as:

Hy=H (A4.1)

max min

where:
H

nax

= highest hardness value, and
lowest hardness value.

A4.5.4.1 The nonuniformity range Hy of the standardizing
measurements provides an indication of the non-uniformity of
the test block hardness. For acceptability, the nonuniformity
range Hjy shall be within the tolerances of Table A4.2.

5.5 The standardized value of the test block is defined as
the average of the standardization measurements H.

A4.5.6 In some cases, a more accurate standardized value
for the test block may be obtained by correcting the measured
average hardness value by a performance offset value for the
standardizing machine. The offset value may be based on the
error F values measured during the last indirect verification of
the standardizing machine. For example, an appropriate offset
correction curve for each standardizing machine may be
calculated for a specific Rockwell scale by fitting a linear line
to the error values measured during the indirect verification.
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with Practice E29, for example 61.4 HRC.

A4.6.2.2 The appropriate tolerance value for error F given
in Table AL3.

A4.6.2.3 Name or identifying mark of the standardizing
agency.

A4.6.2.4 A mark identifying the test surface, which will be

TABLE A4.2 Maximum Nonuniformity for Standardized
Test Blocks
Max.
Nonuniformity
Nominal Hardness of Range,
Standardized Test Block Hg
(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 05,
HREW, HRFW, HRGW, HRHW, s0dOen
HRKW, HRLW, HRMW, HRPW, astteee
HRRW, HRSW, HRVW . esseces
HR15N =69 and <90 seeseddes
=90 and <97 sesee i
HR30N =41 and <77 Leeses10%:
=77 and <92 essee’ (7
HR45N =19 and <66 cees’ 10
=66 and <87 : : : . 0.7
HR15TW, HR30TW, HR45TW oo 1.0
HR15WW, HR30WW, HR45WW, :f 1 9‘ .
HR15XW, HR30XW, HR45XW, . vso0e
HR15YW, HR30YW, HR45YW o os200e
- ! 4000 L
-0 @ *000 L
-8 090 80 LR N2 N ] LR
LE R N B N 2908060000000

(AN A NN 2000000000

The laboratory should be cautiongg thgtethesvditijtysq*calcu-

lating a correction curve in tifig 2%y isedSehiieqe on the
linearity of the fit of the offsg@ {4t atrosy the Fhfife Scale.

LR N R B LR N N NN ]
LN N N LR N N N N ]
2000000 LA N N N N ]

Ad.6 Marking escssoce esosoee

A4.6.1 Markings placed Ohehesids of the HISSK Shall be
upright when the calibrated test-surface -IS ¢he uppar.wrface

A4.6.2 Each standardized block %ﬁall be marked‘ §v1th th:
following. . .. cee
A4.62.1 The standardized hardness value, -H :03

& e
block, rounded to no less than one decimal place qrz éécio:raz;r;ée
AR N N N N NN J
AR N B N N N
~ L4

49
709
<000
e

AS.

othe stests ©

obliterated if the surface is reground.

A4.6.2.5 Unique serial number.

A4.6.2.6 Year of standardization. It is sufficient that the year
of standardization be incorporated into the serial number of the
block.

A4.7 Certificate

A4.7.1 Each standardized test block shall be supplied with a
s+ « certificate from the standardizing laboratory stating the follow-
¢ 2 ¢+ ing standardization information:

*2s. A4.7.1.1 Serial number of the test block.
"' A47.44 The standardized hardness value, H#, of the test
bledk wathethe scale designation, rounded to no less than one
+ o+ decimaleplaes aa .accordance with Practice E29, for example
:55;@1:4}1’35::::::.

L N NN
LA RN RN X1

seee A7, 1& ’\i\;ue of the uncertainty in the standardized value
* “with a 'detal-led explanation of how the uncertainty was
calculgteds 2

ALT.3% The individual standardizing hardness measure-
mgift§.e > *
?W4.7.1.5 A description of the testing cycle used, including

the dwell tlmes fonr.the preliminary foree, -total force and elastic

- recovery. seee
‘" A477.1.6 Thp body that mamt'dm,s: ghﬁ Rockwell scale to
::: which the ggteblpck is traceable; g “éxample, the national
¢ 22 Rockwell C geale thaintained a't’NIﬁ:I:

A4.7.1.7- Date of Stanklardizatiome s e .

A4.7.1.8 Accreditation agency ‘certification number.

.

LY
LR N3
LA X NI

..Q .’

GUIDELINES FOR DETERMINING THE MINIMUM THICKNESS OF A TEST PIECE
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TABLE A5.1 A Minimum Thickness Guide for Selection of Scales

Using the Diamond Indenter (see Fig. A5.1)

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.

Rockwell Scale

Minimum Thickness

A C
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 o another scale, refer to Hardness Conversion Tables E140 (Relation-
ship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell
Superficial Hardness, and Knoop Hardness).

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 0.56
0.024 0.61 98 72 94
0.026 0.66 91 60 87
0.028 0.71 85 49 80
0.030 0.76 77 35 71
0.032 0.81 69 21 62
0.034 0.86 52
0.036 0.91 40
0.038 0.96 28
0.040 1.02

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

Superficial Hardness and Knoop Hardness).
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TABLE A5.3 A Minimum Thickness Guide for Selection of Scales Using the Diamond Indenter (see Fig. A5.1)

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.

. . Rockwell Superficial Scale
Minimum Thickness

15N 30N 45N
) Hardness Approximate Hardness Approximate Hardness Approximate
in. mm Reading Hardness Reading Hardness Reading Hardness
C-Scale”? C-Scale” C-Scale”®

0.006 0.15 92
0.008 0.20 90
0.010 0.25 88
0.012 0.30 83 82 65 77 69.5
0.014 0.36 76 785 61 74 67
0.016 0.41 68 .. 74 56 72 65
0.018 0.46 see 66 47 68 61
0.020 0.51 ces &7 a7 63 57
0.022 0.56 e 47 26 58 52.5
0.024 0.61 XXX 51 47
0.026 0.66 e 37 35
0.028 0.71 S . 20 205
0.030 0.76 ;00

[ A B XX RN R

A These approximate hardness numbers are for use in s&e‘ct'ing a suitable sqales and SBaulinetae dised as hardness conversions. If necessary to convert test readings
to another scale, refer to Hardness Conversion TablesJE140 (Relalign$ifii Beieen BYRQ HgdngSs, Vickers Hardness, Rockwell Hardness, Rockwell Superficial

esseesie e ssesensee .
HardnessandKnoopHardness) 0000600060000 (ERE RN NN N
*sesesse
. ss0cee
o000 1860000
EEEN] LER XN

TABLE A5.4 A Minimum Thickngdq Glile fb{ Sélééﬂdn, $€Sdales Using th€ 146 In. (1.588 mm) Diameter Ball Indenter {see Fig. A5.2)

100000 (AN XN RN NN B LR N R N

Note 1-—For any given thickneg$ Jifaifdicaf $IsRE3 ¥ €L hardness is the minififulid alue acceptable for testing. For a given hardness, material of any
greater thickness than that corresgdntig to it Rfrdiress ¢an be tested on the mtifeared scale.

40000 LA N X N N ]

Hd’cheIl Superficial Scale

Minimum Thickness 2oesee f e
. 15Teees 30T 45T
cee o .. ;i:)fo:umate Ap'broximate A Approximate
» *e
in. mm : : : :‘@ b S8 ' ' ¢ xdness ;e Hardngss oo *Hardness arginegé Hardness
TiriRemdings. ClibBiaen .o Reading e+ «B-Scale” : .R.efcfr'g B-Scale”
0.010 0.25 Tledt T Yo tesse .. Coeser:
0.012 0.30 86 . 7 Tt 1 e
0.014 0.36 81 . 62 80 X ~ «96 res e
hl
0,016 0.4 75 il il CORRRER 4 ol %9
0.018 0.46 68 sscseodion oe 64 cergD - 20
0.020 0.51 ‘e . ; 55 58 53 80
0.022 0.56 ~ 45 43 43 70
0.024 0.61 . 34 28 31 58
0.026 0.66 Tese 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 E140 (Relationship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell Superficial Hardness
and Knoop 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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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. A5.2 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
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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 Ya in. 5 in. 2 in. %5 in. 3 in. T8 in. 1in. 1V in. 1% in.
Reading (6.4 mm) (10 mm) (13 mm) (16 mm) (19 mmy) (22 mm) (25 mm) (32 mm) (38 mm)
Corrections to be Added to Rockwell C, A, and D Values?
20 6.0 4.5 2.5 2.0 15 1.5 1.0 1.0
25 5.5 4.0 25 2.0 15 1.0 1.0 1.0
30 5.0 35 2.0 1.5 15 1.0 1.0 0.5
35 4.0 3.0 1.5 1.5 1.0 1.0 0.5 0.5
40 3.5 2.5 1.5 1.0 1.0 1.0 0.5 0.5
45 3.0 2.0 1.0 1.0 1.0 0.5 0.5 0.5
50 2.5 2.0 1.0 1.0 0.5 0.5 0.5 0.5
55 2.0 15 .. 10 0.5 0.5 0.5 0.5 0
60 1.5 1.0 0005 0.5 0.5 0.5 0 o]
65 1.5 1.0 b 0424 0.5 0.5 0.5 0 o]
70 1.0 1.0 PEXICEES 0.5 0.5 0.5 o] o]
75 1.0 0.5 ceedses. 0.5 05 0 0 0
80 0.5 0.5 eoepB o 0.5 0 0 0 0
85 0.5 0.5 fedece! 0 0 0 0 0
90 0.5 0 Qe e 0 0 0 0 0

P W

4 When testing cylindrical specimens, the accuracy of & febt*will be serious¥,affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder. seoe -0
8 These corrections are approximate only and represent §ijeraverages to the nearest s Raegviel aumber, of numerous actual observations.

LA J -® e L I B I BN
L PA R N R NN S8 0RO OO
L4 R N N N RN N ) LR BB IR B 2N

S8 S0 00030

TABLE A6.2 Corrections to be Added to Rockwell B2 & Bhii*qG Yaiug¢ Dbtained 813 Ldnvex Cylindrical Surfaces of Various Diameters”

PR R N

.ot e Merfelelsc Convex Gliddital Surfaces

s e e

Hardness -7 11 Hbdbibdb bbbl /s Al 2 s i Y4 in. 74 in. 1in.

Reading $10 nme)s o ¢ (13 mm) {8 e ¢ (19 mm) (22 mm) (25 mm)
soe orrections o be Add‘eg Io:lﬂoykwell B, F, and G Values?

0 e LS 35 3.0

10 Xy Y 5.0 3.5 3.0

20 : i - 4.5 3.5 3.0

30 45 ceee80 25

40 e 40 esee o5 25

50 : 3.5 : ces : 25 2.0

60 . 3.0 : ve w20 2.0

70 . : 2.5 ‘:::',: 2.0 1.5

80 oo . 2.0 ve eveelb 1.5

90 . e oo 1.5 R ) 1.0

0
100 25 sesesvsacltmer 15%° Leeesdd 05

A When testing cylindrical specimens, the accuracy of ltléz !e:;i:v!xl: ge. ge}iously affected by alignment of elevating screw, V-;nvil, indenters, surface finish, and the
straightness of the cylinder. Teavescens
& These corrections are approximate only and represent the aygrade® % the nearest 0.5 Rockwell number, of numerous actual observations.
AR
TABLE A6.3 Corrections to be Added to Rockwell Superficial 15N, 30N, and 45N Values Obtained on Convex Cylindrical Surfaces of
Various Diameters”

Diameters of Convex Cylindrical Surfaces

Hardness Yain. Yain. 5 in. Yz in. Fa in. 1in.
Reading (3.2 mm) (6.4 mm) (10 mm) (13 mmy) (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 15 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 35 2.0 1.5 1.0 1.0 0.5
55 3.5 2.0 1.5 1.0 0.5 0.5
60 3.0 1.5 1.0 1.0 0.5 0.5
65 2.5 1.5 1.0 0.5 0.5 0.5
70 2.0 1.0 1.0 0.5 0.5 0.5
75 15 1.0 0.5 0.5 0.5 0
80 1.0 0.5 0.5 0.5 0 0
85 0.5 0.5 0.5 0.5 0 o]
90 0 o] 0 0 o] o]

A When 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.
& 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 A8.4 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 Vs in. Ya in. s in. Ve in. % in. Fain. 1in.
Reading (8.2 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 1.5 7.5 5.0 3.5 3.5 2.5 2.0
40 10.0 6.5 4.5 3.5 3.0 2.5 2.0
50 8.5 5.5 4.0 3.0 2.5 2.0 1.5
60 6.5 45 3.0 2.5 2.0 15 1.5
70 5.0 35 2.5 2.0 1.5 1.0 1.0
80 3.0 2.0 1.5 15 1.0 1.0 0.5
90 1.5 1.0 1.0 0.5 0.5 0.5 0.5
A When 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. PR
B These corrections are approximate only and represent t!:e:a:s/grages to the nearest 0.5 Rockwell number, of numerous actual observations.
LR B N
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X1. LIST OF ASTM SPECIFICATIONS GIVING :HARDWY&LUES CORRESPONDING TO TENSILE STRENGTH

X1.1 The following ASTM s{and-ag(zli ye e emmate

Rockwell hardness or Rgglg»ygli supgeicials hardness values

LU R NN
....‘..
[ X NN

Spemﬁcaﬂons B19, B36/B36M, BY96/Bo6M, Bi03/B103M,
+Bd24/BI2IM, BI22/B122M, B130, Bi34/B134M, B152/

corresponding to the tensjlessrengtly svabes sspreified for the "B:]‘QM and B370.

materials covered: TggeVeghodss 39¢ N¢itnitions A370 andsese?

X2., EXXMI’LES oF PEGSEDURES FOR DETERMINING ROCKWELL HARDNESS UNCERTAINTY

08080060 . LR N B N N
LI N B N cee oo *
*0 00000 LA N B NN ] ..
X2.1 Scope Tieseeeess Tlieen see
Te0 s e~ ~Te0e LR N4

X2.1.1 The intent of*thls appendix is*® prqidé @ basic
approach to evaluating the uncertaiftyof Rock$eQ Hardness
measurement values in order to simplily and sinifys the inter-
pretation of uncertainty by uvsers of Roe‘i el hasdniess.

TS0 0RO BNOSTY
A N N N LN 4

X2.1.2 This appendix provides basic prggegipres for deter-
mining the uncertainty of the following valugs of hardness:

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
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b1001<§ Ihe standardizipg, ggency may report the uncertainty
valpg e the test block ceptificate.

TG X 2. 1—When cI§f1§tg¢d, Jancertainty values reported by a field
callbratloﬂ aoenc.y (see X2. 6)%1?6‘1mt the measurement uncertainties of the

hardness machsne én oper: ation -bubonly that of the measurements made at

the time of verification to defefmine 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 perfor-
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 functioning
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 influence of material and
metallurgical factors on the product variation as wellggs typical industry

hardness uncertainty values. sseee.

*S0o 8000

X2.1.3 This appendix does not address dacerdainties at the
S0 SSOSBEIES
primary reference standardizing level. seeesesceeee
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X2.2 Equations

X2.2.1 The average (AVG), H, 'ei"a set of n hardnes.s‘"

measurements H,, H,, ..., H, is cal;qlated as:

-® o
PR E AR RN

H +H +esctolfocnss

H=

.(

X2.2.2 The standard demmon

hardness measurements :H;

Ll ledeeeessisee ( Ko

...’l......'...'.

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

TqBEVo) ofs a-se{ of n

° -H . rs' ealeulated as:

.H‘

Jes ¥

where H is thé .zwena.ge.eﬁ the sdteafs & shardness mheasure-

ments H,, H,, ..., Hs as definsd in E’(},??El. ’ee
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X2.2.3 The absolute Value (ABS): Qf a'ﬂumbqrsiésstfle mag-
nitude of the value irrespective of th@ Si;gn f(nt' example:

ABS(O.]Z) 0.1
and tee

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.

LR RN B N
(LR RN R N R N XY
L]

..Q...
*s002
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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.

L d
L

. X2.3.5 Uncertainty should be determined with respect to a
«pypiry’s highest level of reference standard or the national
abfe¥ence standard of another country. In some cases, the
Highked "level of reference standard may be a commercial
aleddiice standard.

s 00
L N R J

X2.4 General Procedure

.

« X2.4.1 This procedure calculates a combined standard un-
certainty u, by combining the contributing components of
uncertainty uy, o, ..., U,, such that:

':::’ ul,,.\/,u +u+ Aul
K?A,‘Z‘ Measuremerft‘tﬂtcértamty is usually expressed as an

exdhbded uncertaintyJ WHich is calculated by multiplying the
cohtbindd standard "Inckithinty u, by a numerical coverage

A N ]

(X2.3)

PR X NN X N
ves- " s

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 %.

X2.44 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 sectioﬁs it will be
shown how these sources of uncertainty contrlbu:tg :tg ;tt}e total

measurement uncertainty for the three measurep}em:c:lrcum—
stances described in X2.1.2. sescsnssene.

400 LA N NN N N
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X2.5.2 The sources of uncertainty to beldis¢sSed a2(Y3 the
hardness machine’s lack of repeataplli§@ys (2) thé 4on-
uniformity in hardness of the materidds@dder test, (3) the
hardness machine’s lack of reproducibilily’ (4) the resolutions
of the hardness machine’s measuremen:t'display, anc §55 the
uncertainty in the certified value of thé reforerncos so6s PIEke

standards. An estimation of the measurm'qent- bras:and st

inclusion into the expanded uncgﬁamty will afsoshe disgnssed.

LA N N NN ] ®e S 0s 000600

X2.5.3 Uncertainty Dug 3 dliqck ,@f REREAebILity (Ugepent)
and when Combined wigl} JYQA-uplfDiRlys@leeps vuv)—The
repeatability of a hardifed§ afibchifie is phslgllcation of how,
well it can continuallyl piddihice the samf Haddess value each’
time a measurementif fildies Imagine théré IS § naterial, which
is perfectly uniform 18 }iﬁdﬂ&s‘s over iediitire surface. Also
imagine that hardness meamr@ment-s are ~mac3® repeata(ﬁy on
this uniform material overs s Short perlod of time -wrthout
varying the testing conditions (mcludmg- the operam) -Even
though the actual hardness of every test 11‘!%1'.0.“,1§. % ggtiy the
same, it would be found that due tof 340 st d® each
measurement value would differ from a1 DIReY shiddsurement
values (assuming sufficient measureteh] s ¥&solution).
Therefore, lack of repeatability prevents the hafdifess machine
from being able to always measure the true hardness of the
material, and hence contributes to the uncertainty in the
measurement.

X2.5.3.1 The contribution that 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 ig.,..» 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 pepeat
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where Hy, 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 user to determine a value of ug,p,,, by making hardness
measurements close together (within spacing limitations) on a
uniform material, such as a test block.

Note X2.5—The uncertainty up,.q,» 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 and Of the historically defined repeatability do not produce the
same value. The uncertainty upg,,, is the contribution to the overall
uncertainty of a hardness measurement value due to a machine’s lack of
repeatability, while the historically defined repeatability is the range of
hardness values measured during an indirect verification.

ceve ‘NDTE X2.6—All materials exhibit some degree of hardness non-

I B R R R ELEXN

« o euisfemnity. across the test surface. Therefore, the above evaluation of the
(AN REY ]

Lt dGalnd g santribution due to the lack of repeatability will also include
a® QARG due to the hardness non-uniformity of the measured

0 . mdt@rm} OWhen evaluating repeatability as discussed above, any uncer-

talnty.w&mlbutlon due to the hardness non-uniformity should be mini-
10ig¢€ &5 much as possible. The laboratory should be cautioned that if the
, sm@agurements of repeatability are based on tests made across the surface

.
.ok 4he-material, then the repeatability value will likely include a significant
os .wuertamty contribution due to the material’s non-uniformity. A machine’s
+ * *rCpeatability is better evaluated by making hardness measurements close

together (within spacing limitations).

X2.53.3 Average of Miiltiples Measurements—When the
average:éf' multiple hardnass (estevalues is to be reported, the
standaré -u»ncertalnty contrlf)utq@n Umenr QUE 1O the lack of
repeatablhix of the hardness machlne may be estimated by
dividigg the standard unceﬁamty contribution itg,p.q (previ-
ousl'y ‘alculated *from a numbcl' of hardness measurements
made on a uniform test sample see X2.5.3.1) by the square-
root of the number of hardness test values being averaged, as:

u Repeat
oy

where ug e, is calculated by Eq X2.6 and 5y is the number
of individual hardness test values being averaged.

X2.53.4 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

uRkpcat -

(X2.7)
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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(Hy,, Hyy, ..o Hy)

(X2.8)

U pepse NU T
Ry

where Hpy, Hps, ..y

X2.5.4 Uncertainty Due to Lack of Reproducibility
(Ugeproa)—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 changes in
the test environment often influence the perfésmiance of the
hardness machine. The level of reproducibilitysibelast deter-
mined by monitoring the performance of the-lgzgénq@-m&chme
over an extended period of time during: whgqhihe_flardness
machine is subjected to the extremes of varra(ms in ghestesting
variables. It is very important that l:hg::ge?t machmq :be in
control during the assessment of reproduptifility. If the machine
is in need of maintenance or is operated $itcorrectly, the lack Qf

reproducibility will be over estimated® b

PR A N B N N J
"8 0000 OOOSS

X2.5.5 An assessment of a hardness JDACHIAE S Ik Ot
reproducibility should be based, pg speriodil@ 3¢ fitodnds e
surements of the hardness $hdRihe, sddy < I3 Selititdtion
measurements made on B¢ e ki NEGE VLT time. The
uncertainty conuibution:ﬁl'ﬂ&:f)e o ﬁhia-'téd :by the standard «
deviation of the avelage ¢ v each el 0f sdanitoring values, ase

uRq,(; SNIDEV(M,, Mya0d M3 (XZ‘.QY

40000600 LA N A NN 2

where M, M, 4 ,,ar:s.mdlwdual.ezvéia:gbs of each of the
7 sets of multiple MORKGHRS FROASUrCTRAN avalues . .

Note X2.7—The unceltum;; scontribution sdue to the dack of
reproducibility, as calculated inFy X2. 10, alsq includds a coutsibition due
to the machine’s lack of repeatability andjthg non-unif§rdftd sof the
monitoring test block; however, these contgibations ager based on the
average of multiple measurements and shoulde siete Sigm atmtly over-
estimate the reproducibility uncertainty.

Hp, are the n; measurement values.

S0 000600000
T 060000000
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X2.5.6 Uncertainty Due to the Resolut®ppia@ftgie Hardness
Measurement Display (ug,,.,)—The finite Y2§Qlution of 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 usuvally 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:

r/2 r

Hpesor = —\7§ = —\75

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, g, )—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)
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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:

_ UR()fB/k

T (X2.11)

RefBlk

where Ugermyc 18 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).

s 3X2.5.8 Measurement Bias (B)—The measurement bias is

-®
* e
s st difference between the hardness measurement values as
..
L]

didpladed by the hardness machine and the “true” hardness of
éiﬁa:téﬁal The measurement bias B may be estimated by the

OrFOre ocfetermmed as part of the indirect verification as:

173

.

(X2.12)
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B=H- HRL]BIA

semns

s swhere H is the mean hardness value as measured by the

aseose

* ¢ 2 *Mardness machine during the indirect verification, and HRP/B,,\ is

the certified average hardness value of the reference test block
standard Jused for the mdlrﬁm yﬁ:rlﬁcatmn
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X2.6 Frocedure for Calcpjatdiig Uncertainty: Indirect
.« o NeYification vee.

Ceboe "
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X2.b.1" Ag part of ah®ind§¢t verification, the “error” of the
harfifiess nathine is detefthined from the average value of
measurements made on a'rfeterence 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 U,,,., in the measurement “error” of the hardness
machine determined as the difference between the average of
the measurement values and the certified value of the reference
block used for the verification.

X2.6.2 The contributions to the standard uncertainty of the
measurement “error,” tyyqep, are (1) Uge,s nu (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) ug,,,,» the uncertainty due to the resolution of the
hardness machine measurement display (Eq X2.11), and (3)
Ugersi 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
Upgaen = \/“ Rep& NU (R ef. Block ) U fsor T U kessit

(X2.13)

and
(X2.14)

UMa('h = kuMa('h

X2.6.4 For this analysis, a coverage factor of k = 2 should
be used. This coverage factor provides a confi§€lde, level of
approximately 95 %. . cececcans

Note X2.8—The uncertainty contribution u,,,.» as caleulateds 3 Eq

[ NN N )
X2.14 does not include a contribution due to f{teehichingsse gk of
reproducibility. This is because it is assumed that ﬂkﬂﬁdlrect‘v.%hﬁea‘tmn

AR NN ] LE R X
is made while the hardness machine is opelann% et its optimat :perfor—

mance level with the best possible environmentglsconditions. ~
Note X2.9—The expanded uncermmty U, M(,(.hovufl commonly be larger

than the value of the hardness machine “errory Les
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X2.6.5 Reporting the Measurement Uncertgm eI Bk
panded uncertainty Uy, may be rgporfQd dyed 3pL5iTe0Q1]
agency to its customer as an ingdicalibh of $0¢ §3Q¢S A ysihane
hardness machine “error” »&bOed 4$ Pt DY s&d* Mdirect
verification of the RockwéliR&nessshdllihd® The value of
Unsaen Should be suppleientdd wilks asstiident defining to
what Rockwell scale.and bardness le%l: Eﬁe- uncertainty is
applicable, with ans exP;anatory statarn@nt- 5uch as,
expanded uncertamty é)f' sheshrardness maohqn@ -error " reported
as part of the 1nd1reet- -vcmﬁeatson fop -the Mated Rockwell
scale(s) and hardness levelgsj'r.s- with res;oect to Reckwell
hardness reference standards maintainegd at *2 233
(for example, NIST), and was calculat@d jn accogdphf¢ swith
Appendix X2 of ASTM E18 with a (Q¥btages {43’ of 2

representing a confidence level of appr{ihlddeysqs .

To09 0PSSO
X2.6.6 The standard uncertainty value’idp 5 » 6318 be used as
an uncertainty contribution when determining 8¢ fleasurement
uncertainty of future measurements made with the hardness
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 Uggpy = 0.45 HRC. The five verification
measurements values are: 254, 25.3, 25.5, 25.3, and 25.7
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

O Ugye Wi (Ref. Block) = 0.075 HRC

U Repse NU (Ref. Block) =
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0.1
______ = 0.029 HRC, and

U Resor ™ {/Ti

0.45
Upgui = —5 - = 0.225 HRC

Thus,

Uyen = V/0.075%+0.029° +0.225% = 0.239 HRC, and
U = (2 X 0.239) = 0.48 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, if individual equations are solved
using the rounded values that are given at each step of this example, some
computed results might differ in value in the last decimal place from the

« s siesllts stated.
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* ¢ X204 Frocedure for Calculating Uncertainty: Rockwell

cese Ham}ness Measurement Values

,X227.]: *The uncertainty U,,,,, in a hardness value measured
by a.user may be thought of as an indication of how well the
«measured value agrees with the “true” value of the hardness of

. f Eﬁ“le-matenal
.0 000

oo~ X272 Single Measurement Value—When measurement un-
“Th¢ *

certainty for a single hardness measurement value is to be
determinees the contributionsstosthe standard uncertainty .,
are (13 Lv,;rq,m,, the uncertam(y due to the machine’s lack of
repeatab11rty~(Fq X2.0), (3)'111{@,061 , the uncertainty contribu-
tion glng §q the lack of repygducibility (Eq X2.10), (3) tgeson the
uncerpdnty® gue to the® respigifon of the hardness machine
meastrement Wnjay (Bq X2:L., and (4) 1y, the uncer-
tainty in determining the “¢¥for” of the hardness machine (Eq
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:

T \/u fmwm-!- u 12ee,7mf+ ud rul (X2.15)
X2.1.3 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 iyyeq, are (1) Ugepear— the uncertainty due
to the machine’s lack of repeatability based on the average of
multiple measurements (Eq X2.8), (2) ugepq- the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
Upesor » the uncertainty due to the resolution of the hardness
machine measurement display (Eq X2.11), and (4) uy,.» the
uncertainty in determining the “error” of the hardness machine
(Eq X2.14). The combined standard uncertainty i, iS
calculated by combining the appropriate uncertainty compo-
nents described above for the applicable hardness level and
Rockwell scale as:

2
_ 2 2 2 2
U pteas — \/’” Repea T Ueproa™ UResort Uipaen (X2.16)
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X2.7.4 The measurement uncertainty discussed above for uncertainty as an indication of how well the average measure-
the single and average hardness values only represents the ment value represents the true average hardness of the material,
uncertainties of the measurement process and are independent then the value of U,,,, should be supplemented with an
of any test material non-uniformity. 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 EI18 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

which is determined from the hardness:mpasurements made Qn ¢ ; : + 8Crpss its surface as an estimate of the product hardness. The
the test material, (2) g, the uncertdinty contriby(ipf flpe 0253 hén’dhess machine has a dial display that is judged (o have a

the lack of reproducibility (Eq X2.100, (3), yzass 1€ Bheer- . :Ee?fls %4 IQSOIUtiOn of 0.5 HRC. The values of the hardness
tainty due to the resolution of the nardn$s mamﬁd nmumo msurementg of the prOdUCt were 3% 31. S 31 i 32 31 32. S
ment display (Eq X2.11), angs 00° ipe s 188 IS &3SNLY 14 nasuftmg in an average value of 31.92 HRC. The testing facility
determining the “error” of 8¢ hﬁfdmiﬁ(ilﬂadli $LRE X2 14). owouzd'- like to determine the measurement uncertainty in the

The notation (Material ) iseddied 1o ﬂie:té'ﬁl:u;e:p& v o clarify , : :avalage hardness value. A hardness of 31.92 HRC is closest to

that the uncertainty is deﬁe&nnned.ﬁammeamrements made on:::gh.e low range of the HRC scale (see Table AL3). The last

the material under bass -Tﬁe combme cl ostandard uncertam-ty s ¢ «  mndirect verification of the low range of the HRC scale reported
Upgoqs 18 calculated-by €é)mbm1ng the-zgp;pr@[grlate uncertarnty Ustacn = 0.8 HRC and an “error” of ~0.3 HRC. Therefore:

X2.7.5 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 is reported
as an estimation of the average hardness of theJfaterial. If it is
desired to report the uncertainty as an indicaliohe$fs how well
the average measurement value represents (ke oBucs average
hardness of the material, then the contribusions 507 " :sftiﬂdard
uncertainty Uy, are (1) geps nu (Mai@rc@l; the-lmceftamty
due to the machine’s lack of repeatab&hty eombmed’wrth the
uncertainty due to the material’s nom- unrformlty (Eq X2. 9),

components descnbedr above for the appkeable hardness level WO . STDEA33, 315,315, 32, 31, 32.5)
and Rockwell Scale as o o o o o o essoee . l ’M:?@& NU (Materml) T esee o ,\/' or
LR R N NN RN RN To00 0 *e »r * o0 6
292960656 8% W W W) ry N J I AN Y 269 —
= Vi o ORI 1P Qg g 03217 3ies M (NEERG) = 0300 HRC
| i intye $innet P thi 1 she hard hine has b
X2.7.6 When reporting uncertainty 2% an 1nd1c3111)n:(tf how ore thig example, 39‘5111“3' € haraness macnme nas been
well the average measurement value $plepotsshpedde aver- momtored f0r~an extended~ erlod of time, and from Eq X2.10,

age hardness of the material, it is imdbIAYC IS ¥dfe that a it Was determined that ”R(p,mz~0'21 HRC for the low range of
sufficient number of measurements are'ﬁlid' 'ﬁﬂ)%::a'ppropriate the HRC scale. Other uncertainty contributions are calculated
test locations to provide an appropriaté .samphno of any @8

variations in the hardness of the material. e’ 5
. o0 Upeey = —7= = 0.144 HRC and
X2.7.7 The expanded uncertainty U,,,,, is calculated for the \/ 12

three cases discussed above as:
U = ku

.8
Uptach = 5 = 0.4 HRC, therefore

+ABS(B) (X2.18)

Meas ‘Meas

. , Uy = \/0.3002+0.212+0.1442+0.42 = 0.561 HRC
For this analysis, a coverage factor of k = 2 should be used.

This coverage factor provides a confidence level of approxi- and since B = —0.3 HRC, U, = (2 x 0.561) + ABS(-0.3),
mately 95 %. or Uypus = 142 HRC for the average value of the hardness

X2.7.8 Reporting Measurement Uncertainty: measurements made on the single product item.

X2.7.8.1 Single and Average Measurement Values—When ¥ 8 procedure for Calculating Uncertainty: Certified
the reported measurement value is for a single hardness test or Value of Standardized Test Blocks
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 E18 with a coverage factor X2.8.2 Test blocks are certified as having an average
of 2 representing a confidence level of approximately 95 %.” hardness value based on calibration measurements made across
X2.7.8.2 Average Measurement Value as an Estimate of the the surface of the test block. This analysis is essentially
Average Material Hardness—When it is desired to report the  identical to the analysis given in 5.3.1 for measuring the

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.
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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,pe v (Cali. 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) ugep.q the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
Ugesor the uncertainty due to the resolution of the standardizing
machine’s measurement display (Eq X2.11), and (4) uy,.p, the
uncertainty in determining the “error” of the standardizing
machine (Eq X2.14). The notation (Calib. Block) is added to the
terM U, Ny O Clarify that the uncertainty isgpgermined from
calibration measurements made on the calilgagfisiipck.

AL AN SR R NI

X2.8.3 The combined standard uncg:rtamty ugsecand the

expanded uncertainty uc,,, are calculageyle by cqmining the
appropriate uncertainty components ¢¢gibed abovg dpr each

hardness level of each Rockwell scalpds ® A
l . . .
Ucers ™ \/"‘Rep& NU (Cal’b Blan) ﬂ‘ﬁaqmd'*' Uposor ™ “Mmh .se
*e
. ...::::@{%19}
PE R AN NN BN RN N NNR]
and LR ] LR N N NN N R ]

- ! ’e 0 00000000

*e e *6 0O Pe”

Yy
UCM...a‘ ABS(??... 0.00.0(-X2 20)

2.::2:"”

aoter- of &k = 2 should
& eonfidence level of

X2.8.5 Reportmg tli@»Measurement lﬁkenmmrv—The valie
of Ueg,,, is an estm.ilgte- of the unoe/rtmm in the reported
certified average har@ln@ss-va}ue of arefeferrce test bloek The
reported value should- bc- stzgplemented- awith a 's'tatement
defining to what Rockwdl scale and hgldne§s' °1;vel the
uncertainty i8 applicable, with an explapatory sf3ent such
as, “The expanded uncertainty in the £P¢dted, 1210¢ DY the test
block is with respect to Rockwell har§ ¢S ot edd standards

AR N BN N N N NN B4
AR R N R NN NN
AR N N J L]

+® 9

be used. This coverages ﬁactor prows
approximately 95 %.s s : e Lot

X2.8.4 For this analyq-ls o 'coverai%

L

L
A N N ]

L

L RN N WY
sssssee
......

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 uncertainty 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 or

Upepse NU (Calib. Block) = 0.028 HRC

o Yrepse NU (Calib. Block) =

e
. e
*e
*e
LR ]

LN
LN
LA I N

¢ sBgrethis example, let’s assume that the standardizing ma-

LR N )

Leiing has been monitored for an extended period of time, and

«SQDOCEqQ X2.10, it was determined that ug,,,,,, = 0.125 HRC for

I R ]
* 08
s o o38ns are calculated as:
Jeeees’
LR N B Nd

emid range of the HRC scale. Other uncertainty contribu-

0.01
Uy = —7=== 0.003 HRC and
Resol \/E

X 0 Ipoes
secee i ():()8 HRC therefore,

LR N4 Q‘..

»r
=1/0. 028’+6 1§§2+0 0032+0.082 = 0.151 HRC

A RSN N
\v'.."‘

e by .
IEE X ¥
Tessee

angl, singe B =+0. I'l'HBQ; Veerr=2x0.15D) + ABS(+0.11),
Qe Ve, 2921, HRC fof ihe certified hardness value of the
single calibrated test bI&¢K.” "~

SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E18-16)
that may impact the use of this standard. (Approved July 1, 2017.)

(1) Note Al.4 was added.
(2) The word “signature” was replaced with “identification” in
AL62.8, A1.63.9, A2.8.1.8, and A2.8.2.9.

Committee E28 has identified the location of selected changes to this standard since the Iast issue (E18-15)
that may impact the use of this standard. (Approved May 1, 2016.)

(1) A3.5.2.5 was revised.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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(www.astm.org). Permission rights éo» photosapy she standard may also be secured from the Copyright Clearance Center, 222
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