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Rockwell Hardness of Metallic Materials

‘This standard is issued under the fixed designation T18; the number immediately following the designation indicates the year of original

adaption or, in the case of revision, the year of last revision. A mumber in patentheses indicates the voar of last reapproval. A superscript

epsilon 1) indicates an cditorial change since the last gevision or scapproval.

This standard has been approved for use by agencies of the U.S. Departent of Defense.
1. Scope* Rockwell superficial hardness tests. The significant differences

1.1 These test methods cover the determination; ¢
Rockwell hardness and the Rockwell superficial hagdess of
metallic materials by the Rockwell indentation hagdd&g gitn-
ciple. This standard provides the requirements $§t RITEHE!
hardness machines and the procedures for pu(aririiilﬁ’ﬂﬁ&l
well hardness tests.

1.2 This standard includes additional [enﬁﬁﬁﬁems in an'
nexes: ‘

Verification of Rockwell Hardness Testing Machines

Rockwell Hardness Standardizing Machines

Standardization of Rockwell Indenters

Standardization of Rockwell Hardness Test Blocks _« -

Guidelines for Determining the Minimum Thigkng§sect a,
Test Piece .

Hardness Value Corrections When Test
Cylindrical Surfaces

l?'[hi

List of ASTM Standards Giving :@gq@g ya\ues
Caorresponding
to Tensile Strength H
Examples of Procedures for Determim
Hardness Uncerainty
1.4 Units—AL the time the Rockwell
developed. the force levels were
kilograms-force (kgt) and the indenter balf 'dgglp;{en '\ycre
speeified in units of inches (in)). This standa@fl; QEPHE” the
units of force and length in the Tnternational SPAEHLOC Units
(SD): that is, force in Newtons (N) and length in“hillimerers
(mm). However, because of the historical precedent and
continucd common usage, force values in kgl units and ball
diameters in inch units are provided for information and much
of the discussion in this standard refers to these units.

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

" These tast mothods are under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and arc the direct tesponsibility of Subcommitice [28.06 on
Indentation Hardnoss Testing.

Current edition approved May 1. 2016, Published May 2016. Originally
approved in 1932, Last previous edition approved in 2015 as EIS—15. DOI
10 1520/H0018-16

21 (his lest method. the term Rockwell refers (o an internationally recognized
type o indentation hardness lest as defined in Section 3, and nol 1 the hardness
testing equipment of a particular manufacturer

between the two tests are thar 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 scule 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 purpor! to address all of the
ns, if any, associated with ifs use. It is the
of the wser of this standard to establish appro-
tmd healt/z ]»a( mes aml determine the applica-

2.1 AASEM Standards:
A“'m-"ful Methods and Definitions for Mechanical Testing

A623 Speciﬁcuriun for Tin Mill Products, General Require-
ments T

AG23M Sppg#ication for Tin] Milb Products. General Re-
quiremgfts, [ Metric| .

B9 Spepifiedtion for Cargridebt
Bar, hif* Disks e

B36/B36M Spdditi
Rofled Bar

BIG/BIGM Specification I'or (‘oppcr Silicon Alloy Plate.
Sheet, Strip, and Rolled Bar for General Purposes and

Pressure Vessels

BI03/BI103M Specification for Phosphor Bronzc Plate,
Sheet, Strip, and Rolled Bar

B121/B121M Specification for Leaded Bras
Strip. and Rolled Bar

BI122/B122M Specification for Copper-Nickel-Tin  Alloy,
Copper-Nickel-Zine Alloy (Nickel Silver), and Copper-
Nickel Alloy Plate, Sheet, Strip, and Rolled Bar

B 130 Specification for Commercial Bronze Strip for Bullet
Jackets

B134/B134M Specification for Brass Wire

Brass Sheet, Strip, Plate,

'Pldre Sheer, Strip, And

Plate, Sheer,

*Tor reforenced ASTM standards, visit the ASTM website, www.astm,ofg, of
contact ASTM Customer Scrvice ar scrvice@ astm.org. Tor Anmal Book of ASTM
Standards volum information. refer 1o the standard’s Document Summary page on
the ASTM wobsite.

*A Summary of Changes section appears at the end of this standard
Copyright ® ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, Wes! Conshahacken, PA 194282050, Unfed Siales
Capyright ASTR Iemational 1
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B152/B152M Specification for Copper Sheet, Suip, Plate,
and Rollcd Bar

B370 Specification for Copper Sheet and Strip for Building
Construction

E29 Practice for Using Significanr Digits in Test Dara to
Determine Conformance with Specifications

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

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

E384 Test Method for Microindentation Hardness of Mate-
rials

E691 Pracrice for Conducting an Imermhnmmg' Swdy w©
Determine the Precision of a Test Method,

2.2 American Bearings Manufacturer As§QsQy

dard:
ABMA 10-1989 Meial Balls*
2.3 ISO Swandar
150 65081 Metallic Materials—Rock&# B Hardness Tost—

Pm 2 Test Method (scales A, B. CJR7E.F, G H KN

lSO/ﬂ:( 17025 General Repinirg
of Testing and Calibefiog 13boggagies’

2.4 Sociefy of /\umma}@f;l‘:zgmcs’n‘(M[:ﬁzmdar{l

SAE T4I7 Hfudnc« Jestssand Hardndsss Ninber Convy :
sions® 4 H

3. Terminology and hﬁﬂﬂw
3.1 Definitions: H

3 l 1 ('a/ihmrzszdelemmmhon of lm aligs of, e

312 vm/‘l( atmnfchcckmu or leslmg 14
mance with the specification.

3.1.3 standardization—to bring in c(mfnmfungg £0 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 rest,
and to measure the ditference in depth of the indentation as the
force on the indenter is increased from a specified preliminary
(est force to a specified total test force and then returned to the
preliminary test force.

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

“ Available from American Bearing Manufacrurers. Association (ABMA), 2025
M Streer, NW, Suite 800, Washingron, 1C 20036,

* Available from Amnerican National Standards Instilule (ANSTy. 25 W, 43rd St.
4th Floor, Now Yorh, NY 10636, httpsfiw v ansi.org.

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 (est 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 (est and/or a Rockwell super-
ficial hardness test and displaying the resulting Rockwell
hardness number.

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

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

3.2 Equations:
o 2 I The average 1T of a sct of # hardness measurements
, H, is calculated as:
H +Ho+ . +4,
"

40

32:The error £ in the performance of a Rockwell hard-
sy Mchine at cach hardness level. relative to a standardized
24 s determined as:

s E=H-Hgy, 2)

where: .

i :Eragc of n hardpg \iasurcmcnls H.H, .., H,
nale on a stangydizpd test block as part of a
tfformance verifigaipn: and

Hsrp vegified average Bgrgthgss value of the standardized

test mq

? The wpemabllw R'ithe pu formance of a Rockwell
nrdmss machine at cach hardness level, under the particular
verification conditions. is estimated by (he range of # hardness
made on a standardized test block as part of a

performance veri ion, defined as:

R=Hp= Mo [&5)
where:
H,,,. = highest hardness value. and
Hin = lowest bardness value.

4. Significance and Use

4.1 The Rockwell hardness test is an enipirical indentation
hardness test that can provide useful information abour metallic
muaterials. This information may correlate to tensile strength,
wear resistance, ductility, and other physical characteristics of
merallic materials, and may be useful in quality control and
sclection of matcrials,

4.2 Rockwell hardness tests are considered satisfactory for

© Available from ty of Automotive lngineers (SALD), 400 €
Dr,, Warrendale. P\ho% Q001 hlpfwew.sae.org.

undsr ioense with ASTM

41

o retahcion o aksuting pamted it erss fom HS

testing of cc shipments, and have been
used extensively in industry for this purpose.
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3 Rockwell hardness testing at a specific location on a part
may not represent the physical characteristics of the whole part
or end product.

44 Adnerence to this standard test method provides trace-
ability to national Rockwell hardness standards except as stated
otherwise,

5. Principles of Test and Apparatus

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

Step {—The indenter is brought into contacy \wm the test
specimen, and the preliminary test force £y iy apPU¢q.
holding the preliminary test force for a speci$éd S
the bascline depth of indentation is musun&l

Step 2—The force on the indente:
controlled rate by the additional test fore
total test force F. The total test force isshalel for a spcmﬁld
dwell time,

Step 3—The additional test force is rgmoved, _re}quqn 03
the preliminary test force. After holding thg ;iplipg
force for a specificd dwell

is measured. The Rockwell haglh®3s Yald3s B3 ed idn e
difference /2 in the mml md B4 hhe md?:lﬁmdli ﬁéﬁl‘h\ while

hardness (est. The signifizpat ¢
classifications is in the *ipg Togrs, that :m;,w:d Foiz ghe
Rockwell hardness test, the PRJEAMUrY test forf¢ is 10 ko198
N)and the total test forces are 60 kgt (589N, 100 kefI98L N).
and 150 kgl (1471 N). For the Rockwel§ §derficial hidditss
wst. the preliminary test force is 3 kgl (zqmwim.&uml test
forces are 15 kgt (147 N), 30 kef (294 N)? 2dd 4534

5.1.2 Indenters for the Rockwell hardnds
diamond :phuocomml indenter and lun"slmw rhide ball
indenters of specified diameters.

5.1.2.1 Steel indenter balls may be used only for lesring thin
sheet tin mill products specified in Specifications A623 and

A
Tt

ion Indenter
+ anccton |

ase ne depth
measurement

asure bavelne
rdentat o7 cepan.

femoel of adaoral

£

A

B s f Fina dorn

Q testforcefy #oplication measurement

O [ Sepa | of o

| pemeury | o ioner, primaan
B |ty e D
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FIG. 1 Rockwell Hardness Test Method {Schematic Diagram)
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AG23M using the HRIST and HR30T scales with a diamond
spot anvil. Testing of this product may give significantly

iffering results using a rungsten carbide ball as compared to
historical (est data using a steel ball.

Note |—Previous editions of this standard have stated that the steel
s the standard type of Rockwell indenter ball. The tungsten carbide
s 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 latten with use, Which results
in an erroneously elevated hardness valve. The user is cautioned that
Rockwell hardness tests comparing the use of steel and tungsten carbide
balls have been shown 1o give different results. For example. depending on
the material Lested and its hardness level, Rockwell B scale (ests using a
tungsten carbide ball indenler have given results approximately onc
Rockwell paint lower Lhan when a sicel ball indenter is used.

5.1.3 The Rockwell hardness scales are defined by the
combinations of indenter and test forces that may be used. The
standard Rockwell hardness scales and typical applications of
the scales are given in Tables 1 and 2. Rockwell hardness
vﬂluu shall be determined and reported in accordance with one

skulation of the Rockwell Hardness Number—During
ik est. the force on the indenter is increased from a
wlesl force to a total test force, and then returned to
rhpnc;l;;mndry test force. The difference in the two indentation
deb apeasurcments, while under the preliminary (est force. is
38ed as A (sce Fig. ).

3.2.1 The unit measurement for & is mm, From the value of

*1 the Rockwell hardness number is derived. The Rockwell

00 7}1 4
0~ 5002 W

oo o0 ,

s = 100~ fom )

where # is in mm.
5.2.1.2 For scales using a ball indenter (see Tables 1 and 2):
_ h
Rockwell Tlardness = 130 — o2 6)
. - ~ oo h
Rockwell Superficial Hardness = 100 0001 )

where # 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 macrial.

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
scale symbol representing the indenter and forces used. The
hardness number is followed by the symbol HR and the scale
designation. When a ball indenter is used, the scale designation
is followed by the letter “W” to indicate the use of a tungsien
carbide ball or the letter “S” to indicate the use of a steel ball
(see 5.1.2.1).

5.2.3.1 Examples:
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TABLE 1 Rockwell Hardness Scales

Scale Total Test  Dial
symbel Indenter Force, ki Figures Typical Applications of Scales
B Yaa-in. {1.588-mm} ball 100 red Copper alloys, soft steels. aluminum alloys, malleable iron, ete.
c diamond 150 black Steel, hard cast irons, peatlitic malleable iron. titanium, deep case hardened steel. and other
materials harder than B100.
A diamond 60 black Cemented carbides, thin steel, and shallow case-hardened steel.
D damond 100 black Thin steel and medium case hardened steel, and pearlitic malleable iron.
E a-in. (3.175-mm) ball 100 red Cast iron, aluminum and magnesium alloys. bearing metals.
F e-in. {1.588-mm} ball 60 red Annealed copper alloys, thin soft sheet metals.
G e-in. {1.588-mm} ball 150 red Malleable irons, copper-nickel-zinc and cupro-nickel alloys. Upper limit G2 to avoid possible
flatiening of ball
H Ve-in. (3.175-mm) ball 60 Aluminum, zing, lead.
K Ya-in. (3.175-mm) ball 150
L 1a-in. (6.350-mm) ball 80
M 1a-in. (6.350-mm) ball 100 « Bearing metals and other very soft or thin materials. Use smallest ball and heaviest load that does
P Va-in. (6.350-mmy) ball 150 t give anvil effect.
R -in. (12.70-mm) ball 50 -
s -in. (12.70-mm} ball 100 .
v Va-in. (12.70-mm) ball 150 o

+ TABLE 2 Rock#&( Superficial Hardness Scales

- +Somle Symbols

T"‘E‘J"’,S‘NF""’S' N Scale, Diamand T Soale, v LTTTRy e, ein X Scale, in Y Scale, vin.
gt ) indenter {1.588- mm)-Bm\ * % 2 43 47w Ball (6.350-mm) Ball (12.70-mm) Ball

5 (147} 15N M e d T 15X 15Y

30 (204) 30N H 30X 0¥

45 (441) 45X 45Y

64 HRC = Rockwell hardness rwi

30N scale

72 HRBW = Rockwell h&rdriedSididdsrof 72 on ‘ﬁe.r{wzvzeu Bscale
using a tungsten carbide befl mam . - '
5.2.4 A reported Rncl\wdll mymmm num‘hkt r the 44&3{&23
value of Rockwell hardness mtisurements shafidbe ropdidéd in
accordance with Practice E29 with a resofilion no th.{ﬁﬂn
the resolution of (he hardness value dhsph) of uhd
machine. Typically, (he resolution of o $dckindlle hafdness
number should not be greater than 0.1 Rochw

Nom: 2—When the Rockwell hardncss tost is usod fordio acceptance
testing of commercial products and materials, the user shduld take into
uccount 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
crror of a testing machine, as specified in the verification requirements of
Annex Al one tesling machine may have a test result hat is one or more
hardness points different than another testing machine, yet both machines
can he within verification tolerances (see Table A1.3). Commonly for
acceptance testing, Rockwell hardness values arc rounded to whole
numbers following Practice E29. Users are encouraged to address round-
ing practices wilh regards to acceplance lesting within their qualily
management system, and make any special requirements known during
contiact review.

5.3 Rockwell Tesiing Machine—The Rockwell testing ma-
chine shall make Rockwell hardness determinations by apply-
ing the test forces and measuring the depth of indentation in
accordance with the Rockwell hardness test principle.

5.3.1 See the Equipment Manutacrurer’s Instruction Manual
tor a description of the machine’s characre: limitations,
and respective operating procedures

5.3.2 The Rockwell testing machine shall automatically
convert the depth measurements 10 a Rockwell hardness

Copyright ASTM Intarmatonal
Providec by IHS under cense with ASTH
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8$0ber and indicate the hardness number and Rockwell scale

4f electronic device or by a mechanical indicator.

5.4 Indeniers—The standard Rockwell indenters are cither
diamond spheroconical indenigissar tungsten carbide balls of
1.588 mm.C?m in), 3.175 mm.wc.m) 6.350 mm (V4 in.). or
1270 min.ele in) in dismeted’ Tndenters shall meet the
s defined in Arinoked 33Stcel ball indenters may be
L2,
¢len materials shall not be
derrter, as this will atfect the

test results.

Notr 3—Indenters certified to revision F18-07 or later meet the
Tequirements of this stundard.,

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 muaterial. Damage to the anvil may occur from
testing (oo (hin material or accidental contact of the anvil by
the indenter, Tr 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.

5.5.1 Common specimen support anvils should have a
‘minimum hardness of 58 HRC. Some specialty support anvils
require a lower niaterial hardness.

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

Small diameter cylindrical picees 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
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positioned and clamped in their base. These types ol specimen
supports shall support the specimen with the apex of the
cylinder directly under the indenter.

5.5.4 For thin matcrials or specimens that are not perfectly

fla, an anvil having an clevated. Mat “spot”™ 3 mm (Y& in.) o
12.5 mm (4 in.) in diameter should be used. This spot shall be
polished smooth and flat. Very soft material should not be
tested on the “spot™ anvil because the applicd force may cause
the penetration of the anvil into the under side of the specimen
regardless of its thickness.
5 When (csting thin sheet metal with a ball indenter, it is
recommended that a diamond spot anvil be used. The highly
polished diamond surface shall have a diameter herween 4.0
mm (0.157 in.) and 7.0 mm (0.2875 in.) and be cedidd within
0.5 mm (0.02 in.) of the test point.

5.5.5.1 CAUTION: A diamond spol anvik
used with a maximum total test force of 4 ks
ball indenter. This recommendation shoul "
when directed otherwise by material spegifiegth

5.5.6 Special anvils or fixtures, includipg Ftamping fixtures,
may be required for testing pieces or pgrts thar canngf,be
supported by standard anvils. Auxiliary {uppon o
for testing long picces with so much overha
not firmly seated by the prelumndc}& dGrc

5.6 Verification—Rockwel lesmxg nmtnmbs Shifse veri
hed periodically in dcu)rdm(.e.i’v h 2 1 134

5.7 Test Blocks—Test bldtﬁ(* ctnn .mt.x‘kmucmcms of
Annex A4 shall be el i
accordance with Ann.ei:AI.

b

Notr 5—] ]l is recognized Lhnmmmg 4
noL available for all geometric shapem of materiz

6. Test Picee

6.1 For best results, both the test surfaess qqq ;I}g mllom
surface of the test piece should be smoottf, ¥ ahflsiée from
oxide scale, foreign matter, and lubricants® Wi Pkbeption is
made for certain materials such as reactive médfs that may
adhere to the indenter. Tn 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 our in such a way that any
altetation of the surface hardness of the test surface (for
example. duc to heat or cold-working) is minimized.

6:3 The thickness of the test piece or of the layer under test
should be as defincd in tables and presented graphically in
Annex A5, These tables were determined from studics on strips
of carbon steel and have proven to give reliable results. For all
othér materials, it is recommended thar the thickness should
exceed 10 times the depth of indentation. Tn general, no
deformation should be visible on the back of the test picee after
the test, although not all such marking is indicative of a bad
est.

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-

Copyight AST Internatonal
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ness guidelings 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 sclection of an appropriate Rockwell scale for parts with
hardness gradients should be made by special agreement.

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

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

Nori 7—A table of correction values to be applied to test resulis made
on spherical surfaces is given in SO 6308-1.

6.5 When testing small diameter specimens, the accuracy of
test will be seriously affected by alignment between the
ny,and the test picee, by swrface finish. and by the
STieRNmEss of the cylinder.

7. Thig Phcedure

'11'&' daily verification of the tesling machine shall be
hed in accordance with ALS prior (o making hardness
Hardness measurements shall be made only on the
Afbraced surface of the test block.

72 Ro‘

vell hﬂl‘d"05< tests should be carried out at ambient
ko 35°C (50 10 95°F). Users
;'Lmllmned that the tempera-

of the Rgckweﬂ hardness t
ture of thgaest material ang, w:umpufumc of the hardness

teste Mgy aifeet st resud & Cohsequently. users should ensure
thar thed fest rehtnﬂdmre doed br adversely atfect the hardness
meaSurement. *

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

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

(1} Contact Velociry, v4—The velocity of the indenter at the
point of contact with the test material.

(2) Preliminary Force Dwell Time. {p—The dwell time
beginning when the preliminary foree is fully applicd and
ending when the first baseline depth of indentation is
measured, (also see 7.4.1.3).

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

(4) Total 1"'!1»’(‘4’ Dwell Time, t;—The dwell time while the
total foree is fully applied.

(3) Dwell Txme,/ur Elastic Recovery, {—The dwell time at
the preliminary force level, beginning when the additonal
force is fully removed, and ending when the second and final
depth of indentation is measured.

7.4.1 The standard Rockwell test cycle is specified in Table
3. The test eyele used for Rockwell hardness tests shall be in
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() Increasing Time ——m
T ----- Total Force, £
@
g
I4 Start of final 40% _ _
=y of Total Force
£
®
&
3
5 first depth final depth
] measurement measurement
= [ proiminary praiminary
Foree, Fy \, Force, Fy
T o
[ T
foa bor tra tre
()
Vi (prior to indenter contact with test material)
£ [--Nmmmmmmm e material surface,
a
@
a
5 first depth
) measurement
]
g
-]
£
S

FIG. 2 Schematic of Forc TitstPlor (a) 2ng dehier Depth-Time
Plot (b) of an HRC Test Nleistrating the;Test €ycle Parts

TABLE § Te4iiele Toleralibéd

Test Cycle Resamnetes 1484 Tolewsae
Indenter contact veloeity. v, (recommansied) =2bewws
Dwell time for preliminary force. tor (when the time zo_app\y 033848

the preliminary force £, = 1 5. then caloulate this pammeter
as £+ o)

Timé for application of additional force. tz
Duwell time for total force. tre

Duwell time for elastic recovery, £

accordance with these test e values and rolerances (see
Notc 8). with the following exceptions.

7411 Precautions for Mmemlls Having FExcessive Time-
{Ind Creep)—In the case of
materials exhibiting excy e plastic flow after application of
the total test force. special considerations may be necessary
since the indenter will conrinue to penetrate. When materials
require the use of a longer total force dwell time than for the
standard test cycle stated in Table 3. this should he specified in
the product specification. Tn these cases, the actual extended
total force dwell time used shall be recorded and reported after
the test results (for example, 65 HREW, 10 s).

4.1.2 There arc 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 aftect
the hardness result. Ttis recommended that comparison tests be

L Plasticity

Copyriht ASTH Intemational
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made on the same (est material using a test cycle within the
requirements stated in Table 3.
74.1.3 For testing machines that take | s or longer to apply
the preliminary force 7p,, the preliminary force dwell time
value ipp shall
with the tolerances of
oy

be ﬂdjmlcd before comparing the parameter
Table 3 by adding to it onc hall of ¢, as

+1,. For testing machines that apply the preliminary force

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

Nore 8—It is recommended that the test cycle to be used with the
hardness machine match, as closely as possible, the test cycle used for the
indirect verification of the hardness machine. Varying the values of the
testing cycle parameters within the tolerances of Table 3 can produce
different hardness results.

7.5 Test Procedure—There arc many designs ol Rockwell
hardness machines, requiring various levels ol operator con-
trol. Some hardness machines can perform the Rockwell
hardness (est procedure automatically with almost no operator
influence. while other machines require the operator o control
most of the test procedure.
be 3 Bring the indenter into contact with the test surface in
i n perpendicular to the surface and, if possible, at a
é kin the recommended maximum contact velocity

' U572 Bpply the preliminary (est force F of 10 kgl (98 N)
[grahd Rockwell hardness test or 3 kgl (29 N) for the Rockwell

L Skt Bdial hardness test.

353 Maintain the preliminary force for the specified pre-
mlnary force dwell time 738

7.54 At the end of the preliminary force dwell time fp,
immedigglys cstablish the reftenee position of the bascline
depth ofyihticniation (sce nfaytiTg@urer’s Tnstruction Manual).
5 Idaddse the force By &, value of the additional est
torcd .[~., heeded to nhmm-ﬂ) reqmred total test force £ for a
given budndss and 2). The additional force
F, shill be apptudqn a cor x:(il;:d:lf!almu within the speeificd
application time range f;,.

6 Maintain the total foree F for the specified total forct
dwell time fy,.

7.5.7 Remove the additional test force £, while maintaining
the preliminary test force Fo.

7.5.8 Maintain the preliminary test force £ for an appro-
priate time (o allow clastic recovery in the est material and the
streich of the frame to be factored out.

7.5.9 Ar the end of the dwell (ime for clastic recovery,
immediately establish the final depth of indentation (see
manufacrurer’s Instruction Manual). The testing machine shall
caleulate the difference between the final and bascline depth
measurements and indicate the resulting Rockwell hardness
value. The Rockwell hardness number is derived from the
ditterential increase in depth of indentation as defined in Eq 4,
Eq 5.FEq 6. and Eq 7.

7.6 Throughour the test, the apparatus shall be protected
from shock or vibration that could afleet the hardness mea-
surement resull.

7.7 After each change, or removal and replacement, of the
indenter or the anvil, at least two preliminary indentations shall
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be made 1o ensure that the indenter and anvil are scated
properly. The results of the preliminary indentations shall be
disregarded.

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

7.9 Indentation Spacing—The hardness of the material im-
mediately surrounding a previously made indentation will
usually increase due to the induced residual stress md work-
hardening caused by the indentation process. 1f a newn mden-
tation is made in this affected material, the mcﬂsuru;. ) .

value will likely be higher than the true hﬂ@q@ss:gﬂha
material as a wholc. Also. if an indentation is raadg poorglpses:
to the edge of the material or very close © a Jyggipnsly magsg s
indentation, there may be insufficient marteriag 3¢ p:®nstrain the t;
deformation zone surrounding the indentatiod.JThis can result
in an apparent lowering of the hardness valdd “Both of thesg o
circumstances can be moidcd by al owina ﬂpiuropriﬂu. spddidd

indentations shall be ar least threg
indentation (see Fig. 3).

7.9.2 The distance from Lhc'gcmgr'o ;mv
cdge of the test picce shall g g kst two and g
diameter of the indentatiop3¢8 Fig. 3).

8. Conversion to Other’
Strength Values

8.1 There is no general muhod of 1¢¢ur atcly convumw_
Rockwell hardness numbers on one scale to Rp;lg\wll hapdreys
numbers on another scale, or © other typ$s sqf, higdiess
numbers. or to tensile strength values. Such c@@Nr$iPhs ffe ut
st, approximarions and, therefore, should b3t &tdept
for special cases where a reliable basis for the pbidLimate
conversion has been obtained by comparison tests. 397

Notm 9—The Standard Tlardness Conversion Tables for Metals, 140,
give approximate conversion valucs for specific materials such as steel.
austenitic stainless steel, nickel and high-nickel alloys. cartidge br
copper alloys. and allayed white cast irons. The Rockwel | hardness data in
the conversion tables of T140 was determined wsing steel ball indenters.

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

o

edge of material

FIG. 3 Schematic of Minimum Indentation Spacing

Copyright ASTH Infernafional
Provided by IHS undor cense vith ASTM
i reprodiictn or fistworking permitid wihout oanse Fom HS

-

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 (sec 5.2.4 and Note 2).

9.1.2 The total force dwell time, it outside the specified
standard test cycle tolerances (see Table 3), and
.1.3 The ambient temperature at the time of test, it outside
the limits of 10 to 35°C (50 (0 95°F). unless it has been shown
not to affect the measurement resull.

8

10. Precision and Bias”

10.1 Precision—A Rockwell hardness precision and bias
study was conducted in 2000 in accordance with Practice
E691. Tests were performed in the following six Roclkwell
scalos: HRA, HRC, HRBS. HR30N. HR30TS, and HRES. The
HR30TS and HRES scales were made using
. A total of 18 Rockwell scale hardness test

ks of p; aype readily available were used for this study.
Gst BIDEES ¢ three different hardness levels (high, medium,
1 low L& scale were tested three times each. The results
from ;3¢ {0 study are filed under ASTM Research Report
RR:E282I02 1.7
L 2i3arting with version E18-05, this standard changed
{DhL e usc of steel balls to carbide balls for all scales that usc

?8 ball indenter. Due to this change, a second study was

conducted in 2006. The second escud: performed in
accordance With Practice EG9 1 andewds identical to (he initial
sludy oxeept it swas limited m.mc «HRBW, HR30TW. and
“all of which, us@mrtﬂdc ball indenters. The
srudy are filerl m}(\eg ASTM Research Report

h
RR:E28.1092.
10.3 A total of 14 different labs participated in the (wo
studics. Bight participated in the first study and ninc in the
second study. Three labs participated in both studies. The labs
chosen to participate in this study were a combination of
commercial (esting labs (6). in-house labs (5) and test block
manufacturer’s calibration labs (3). Each lab was instructed 1o
test cach block in three specific locations around the surface of
the blocks. All testing wus to be done according © ASTM
E18-05.

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

10.5 The vulue of rpp indicates the typical amount of
variarion that can be expected between test results obtained for
the same material by the same operator using the same
hardness (ester on the same day. When comparing (wo test

7 Supporting data have beon filed ar ASTM International Headquarters and may
be obtained by requesting Rescarch Report RRIE26-1021

& Supporting data have beon filed ar ASTM International Headquarters and may
be obtained by requesting Rescarch Report RRIE§-1022
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TABLE 4 Results of the Precision and Bias Study

Average

TestBlock  AORSS s SR - Res
Data hom 2000 stuch
2.8 HRA 6250 0538 0,459 1506
73.1 HRA 7304 0.1 ss 0358 0387 1.002
£3.9 HRA 84.54 0085 0.468 0288 1.309
25.0 HRC 2499 0335 0.440 0987 1.282
45.0 HRC 4535 0.156 0259 0438 0.725
65.0 HRC 65.78 0153 0389 0427 1.089
45.9 HR3ON 46.75 0299 2489 0887 6959
64.0 HR3ON 64.74 0.249 0651 0684 1.822
819 HRION 82.52 0499 0547 1.39
Data hom 5006 stuch

40 HRBW 1890 492 0668
60 HRBW 6177 o.sss 0697
95 HRBW 9109 0250 0292
62 HREW 6407 0348 0675
81 HREW 8161 0282 0.406
100 HREW 96.22 0177 0322
22 HRIOTW 18.83 0.702 0.901
56 HRIOTW 580 0.476 0517
79 HRIOTW 810 0610 0851

results made under these conditions, a
of less than the rp, value for that Rofkwell
indication that the results may be Lqmvﬂlcnl
10.6 The value of Rpp indicagess ll‘le .[fﬁilht ,Jhithn id
variation that can be expected b Ted kG4 AntA Tor
didibrent hard-
2o test results
kcience of less

i widication (hat *

10.7 Any jud"mcms based on 10.5 and 10.6 would have an
approximatcly 95 % probability of being correct.

study was conducted on a
selected number of the most commonly used Rockwell scales.
For Rockwell scales not listed, the rp, and R, 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
cstimating the rpz and Rpp valucs in this way, decrcases the
probability of them being correct.

10.9 Although the precision valucs given in Table 4 provide
guidance on interpreting difficrences in Rockwell hardness
measurement results, a complete evaluarion of measurement
uncertainty will provide a more definitive interpretation of the
results for the specific (esting conditions.

10.10 The data generally indicated reasonable precisi
tor the 45.9 HR30N thar scale the SR and Rpp
arc very high compared (0 all of the other scales. An
8 of the raw data reveled that one luab’s results were

] han the others, significantly affecting the overall
igsultg $11 :lnl scale. The results from all of the other scales
“sceng [¢ be Yeasonable.,

JXRLL JBias—There are no recognized standards by which o
imate the bias of this test method.

i

. Keywords
11.1 hard HOSS; mechanical sy ng\gmls; Rockwell
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Al VER]F]CATION('}Is (&)CKVVELL HARDNESS TESTING MACHINES

A1l Scope

ALLT Annex Al specifics three types of procedures for
verifying Rockwell hardness testing machines: direct
, indirect verification, and daily verificatio

verificatio

Al.1.2 Direct verification is a process for verifying thar
critical components of the hardness (esting machine are within
allowable tolerances by directly meusuring the test forces,
depth measuring system, machine hysteresis, and (esting cycle

AL13 Indircct 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.

Al.LS Adherence to this standard and annex provides
traceability to national standards, except ted otherwis

Copyignt ASTM Intematanal
Provided by IHS under censs with ASTH
ioian or nebvarking permifted withaut ficense from IS

A1.2 General Requirements

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

Al122 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. Tt is reccommended that the temperature be
monitored throughowt the verification period. and significant
temperarure variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a
daily verification or when qualilying additional uscr’s indent-
crs in accordance with A1.4.10.

A123 All instruments used (o make measurements re-
quircd by this Ammex shall be calibrated (raccable to national
standards when a system of (raceability exists. except as noted
otherwise.



TABLE A1.1 Verification Schedule for a Rockwell
Testing Machine
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TABLE A1.2 Tolerances on Applied Force for a Rockwell
Testing Machine

Verification

Procedure Schedule

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

When a testing machine fails an indirect verification (see
A1.49.4).

verification

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., [only a:uwa\
indirect verification is performed by following the presedam~
given in A1.4.7 for verifying the as-found conditionf 3155

result.

Following a direct verification 1
To qualify an indenter that was not verified in 4t last indirect <
verification, {only a partial indirect vermcau'o:v :s'peﬂcrmed

see A1.4.10)

Reauired each day that hardness tests ard 1o be vp
Recommended whenever the indenter. anvi,
changed

Daily
verification

Lc:lm«v m'u,hmc: shﬂll

Nots Al I—It is recommended that Wecalibration,agencydrhat h,\xsq
to conduct the verifications of Rockwell hardness tegting machi

accredited to the requirements of 1SO 170235 (or am equivalents bw an'
b

ady ized by the onal Labo i} 2¢3diTdidn

Force Tolerance
kgt N kgt N
10 98.07 020 1.96
60 588.4 045 441
100 980.7 085 637
150 1471 050 883
3 2942 0.060 0.589
15 1471 0.100 0.981
30 2942 0.200 1.981
45 4413 0.300 2.983

AL33 Verification of the Depth Measuring Svstem—The
depth measuring system shall be verified by means of an
instrument, device or standard having an accuracy ol at least
0.000Z.Tm

3

spond a0:0y lowest and highest hardness values for the
Rockdptisspales that will be (ested.
A1332 The indentation-depth me:
4¢did3 within £0.001 mm for the regular R()Lkwell hardness
L 8ealés and +0.0005 mm for the Rockwell superficial hardness
scales. Thcx ﬂcwmuu <ol cspond o 0.5 hardness units.
3.5 hu\e a long-stroke depth
lum of the working range of
¢§ gepending on the thickness
of7 iesing machine shall have a
y thgg §re depth measuring device
is contitfiious over™its Tull rang¢ Mt free from dirt or other

Cooperation (ILAC) as operating (o the SATSOITEITON.

A3 Direct Verific:

AL3.1 A direct verification of the testing machint shdll be
performed at specific instances in accordance with Table AT.1,
The test forces, depth-measuring system, machine hysteresis.
and testing cycle shall be verified as follows.

Nore Al 2—Direct verification is a useful tool for determining the
sources of error in a Rockwell hardness testing machine. 1t 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,

AL32 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 clastic recovery) shall be measured. The (est
forces shall be measured by means of a Class A elastic torce
measuring instrument having an accuracy of at least 0.25 %, as
described in ASTM E74

Al.32.1 Make three measurements of cach force. The
forces shall be measured as they are applied during testing.

Al1.3.2.2 Each preliminary test force £, and each toral test
force I 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

Copyight ASTM Internatonal
Provied by IHS undr icense with ASTK

fiscontinuitics that could affect its accuracy. These (ypes ol
testers shall be verified using the following steps.

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

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

A1.3.4 Verification of Machine Hysferesis—Each time a
Rockwell hardness test made, the testing machine will
undergo flexure in some of the machine components and the
machine frame. T the flexure is not entirely clastic during the
application and removal of the additional force ), the testing
machine may exhibir 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 clastic
test that results in no permanent indentation. In this way, the
level of hysteresis in the flexure of the testing machine can be
determined.

Al.3.4.1 Perform repeated Rockwell (ests 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 foree that is used during normal testing
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Al.3.4.2 Repear the hysteresis verification procedure for a
maximum of ten measurements and average the last three test
The average measurement shall indicate a hardness number of
130 = 1.0 Rockwell units when Rockwell ball scales B, E, F,
G, Hand K arc used. or within 100 = 1.0 Rockwell units when
any other Rockwell scale is used.

AL3.5 Verification of the Testing Cye.
the Rockwell (esting cycle by stating requirements and recom-
mendations for five separate parameters of the ¢3dle. The
testing machine shall be verified (o be capable of aﬁulﬁ
tolerances specified in Table 3 for the following.
parameters: the dwell time for preliminary I'on.cu ko »\;no.for

ota

machine manufacturer at the time of mdm;muure and, p3eg,
the (esting maching is returned to the manafaciyrgy :qm}pprr'
when a problem with the testing eycle is suspe@ed sy iiativn
ol the testing cycle is not wquu;d,ds ol aog J i b (e
verification at other times. -

A13.5.1 Rockwell hardnesse@Siite m nulactured
before (he implementation ot m8v07 % undergone
the direct verification of té fne* . Since this
verification often must be 3 cturer’s site.
the lesl cycle v entl tios (&{np:mem does aowapply [© testing

he § of E18—

unless the testing machine ig ;rgq]mai- o the” mp;u; acturers fr

AL3.6 Direct Verification Faiture—1f 345 of thé *¢igeer
verifications fail the specified requirementsy db¢ g $drtes Ma-
chine shall not be used untl it is adjusted ory$H4isds IL ¢ test
forces. depth measuring system, machine hySw et bf testing
cycle may have been affected by an adjustment t§erbpair, the
affected components shall be verified again by dirt®{ verifica-
tion.

A1.3.7 An indircet verification shall follow a successful

dircet verification.
Al4 Indirect Verification

Al4.1 An indireet verification of the (esting 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.

A142 The (esting machine shall be verified for cach
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.

A14.3 Sandardized test blocks meeting the requirements
ol Annex A4 (sce Nole 4) shall be used in the appropriate
hardness ranges for cach scale (o be verified. These ranges are
given in Table Al.3. Hardness measurements shall be made
only on the calibrated surface of the test block.

Al1.4.4 The indenters to be used for the indircet verification
shall meet the requirements of Annex A3 (see Note 3).

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

Maximum Maximurn
Range of Standeydized Repeataviity, A Eror, £
(HR units) (HR units)
HRA <70 20 10
15 10
10 +05
HRBW 20 115
15 £10
15 10
HRC <35 20 1o
15 £10
10 +05
290 10
15 £10
10 £05
15 10
15 10
10 £10
15 £10
15 10
10 £10
20 £10
20 10
20 10
20 10
20 10
15 10
1.0 10
10 10
20 10
20 10
20 10
20 10
20 10
20 10
20 10
15 10
10 207
20 10
15 10
7 10 $07
HR4sN <37 20 10
15 10
1.0 07
HRISTW <81 20 e
81 and < 87 15 10
= 15 10
HRIOTW <57 20 e
57 and < 70 15 10
o 15 10
HRSSTW <39 20 e
15 10
15 10
HR15WW® 20 £10
HRIOWWE 20 e
HR4SWWE 20 e
HRA15XWS 20 1o
HR30XW? 20 £10
HR45X WS 20 £10
HR15YW® 20 £10
HR3OYWE 20 e
HR45YWE 20 e

4The 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 shoukd be less than 100 HR units

2 Appropriate ranges of standardized test blocks forthe L. M. P, .S, V, W, X, and
¥ scales shall be determined by dividing the usable range of the scale into two
ranges, if possible.

Al4.5 The esting cycle to be used for the indirect verifi-
cation shall be the same as is typically used by the user.
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A14.6 Prior to performing the indircot verification, ensure
that the testing machine is working freely, and thar the indenter
and anvil are seated adequately. Make at least two hardnes
measurements on a suitable test picee to seat the indenter and
anvil. The results of these measurements need not be recorded.

A14.7 As-found Condition:

Al47.1 It is recommended that the as-found condition of
the testing machine be assessed as part of an indirect verifica-
tion, This is important for documenting the historjcal perfor-
mance of the machine in the scales used since (he B¢ indireet
verification. This procedure should be conductetia
cleaning, maintenance. adjustments, or repa ir(»

A14.7.2 When the as-found condition (y osting s~
chine is essed, it shall be delermn;qq yith thes p!qc s
indenter(s) that are normally used with th 3¢ging machin®2 At
least two standardized test blocks, calif ifrom a difierent

measurements d|slr|bulcd, oucraoﬂw M‘mt‘lbsl surl hcc
A1.4.7.4 Determine dide ﬁumﬂb'lny Ridd e crror E(E

2 and Eq 3) in the perfor

standardized test blodh
Al14.7.5 The crror Es gy ¢ srepeagd

within the tolerances of Tab}e 4933 Af the uﬂnl;ned ml@cs of

error £ or repeatability R*¥all ouside of® the gddIfed

tolerances, this is an indication that the Yydness (633 o

since the last indireet verification may bd !u&pch

Al48 Cleaning and Mainienance F’cE b dkadihg and
routine maintenance of the testing machine than- Eeqmred) in
accordance with the manufacturer’s speuhcdlmm md instruc-
tions. N

A1.49 Indirect Verification Procedure—The indircet verifi-
cation procedure requires thar the testing machine be verified
using one or more of the user’s indenters.

A1.49.1 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 cach Rockwell
scale. The user may find that high, medium and low range test
blocks are unavailable commercially for some scales. 1n these
cases, onc of the following (wo procedures shall be followed.

(1) Alternative Procedure 1—The testing machine shall be
verified using the standardized blocks from the one or two
ranges that arc available. Also, the testing machine shall be
verified on another Rockwell scale which uses the same test
forces and for which three blocks are available. [n this case, the
testing machine is considered verified for the entire Rockwell
scale.

(2) Alfernative 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. Tn this case. the (esting machine

Copyriht ASTM Intemational
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hardness range as defined in Table A1.3,2%ould be tested Jor *

4 fot detter) indenter for those scales and hardness

* e repeatability and error tests with a ClL

is considered verified for only the part of the scale bracketed by
the levels of the blocks.

AL.4.92 On each standardized test block, make five mea-
surements distributed uniformly over the test surtace. Deter-
ming the error E and the repeatability R in the performance of
the (esting machine using Eq 2 and Eq 3 for cach hardness level
of cach Rockwell scale to be verified.

Al.493 The error E 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
repeatability and error meet the specified tolerances using at
least one of the user’s indenters.

Al.494 Tn he case that the testing machine cannot pass the
repeatability and error verifications with the user’s indenter, a
nymper of corrective actions may be attempted (o bring the
3602 mdchme within tolerances. These actions include clean-

294 $1.3—When a resting machine fails indirect verification, it i
L5 @Nended that the testing machine be verified again using a Clas

levels thar failed the
sting machine passcs

diwecl verification with the user’s indenter. T the.

that Lhe user’s indenter is out of wleran
by the usgr, §5a cormective action® (e
verificatiopaptocedures to be repgated pthout hmm} to peumm a direct
verifications Kethe testing : to fail the or
el'cm indisect \eununmwh the Class A indenter. it is an

11 the testing mhtnfnc‘fonlinum to fail the repeat-
ability or crror (wests following corrective actions, the (esting
machine shall undergo adjustment and/or repair followed by a
dircot verification.

AL4.10 Qualifving Additional User's Indenters—In cascs
where the (esting machine passes indircet verification using
only onc of the uscr’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
sume Rockwell scales, it must be verified for use with the
specific verified testing machine. This requirement does not
apply (o changing an indenter ball. The indenter verifications
may be made at any time after the indircet verification. and
may be performed by the user as follows.

A1.4.10.1 The testing maching and indenter shall be verified
together using the indireet verification procedures of A1.4.9
with the following exception. The verification shall be per-
formed on ar least two standardized test blocks (high and low
ranges) for each Rockwell scale that the indenter will be used.

Al.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.

Al.4.11 The user shall identify and keep track of
indenters verified for use with the westing machine.

the
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tion

ALS Daily Veril

Al5.1 The daily verification is intended for the user (o
monitor the performance of the testing machine between
indirect verifications. At a minimum, the daily verification shall
be performed in accordance with the schedule given in Table
Al.1 for cach Rockwell scalce that will be uscd.

AL5.2 It is recommended that the daily verification proce-
dures be performed whenever the indenter, anvil, or test force
is changed.

ALS53 Duaily Verification Procedures—The proeedures to
use when performing a daily verification arc as. D
Al.53.1 Daily verification shall use <mn(ﬁ1i
block(s) that meet the requirements of Annex;
Duily verification shall be done for each Rock-w alb &
to be used that day. Al least onc (st bl oz;le §hql0 be usegly gnd
when commercially available, the hardnggs; gnge of the* tgst
block shall be chosen to be Wirhin 15 Rgrell points of the
hardness
Alternatively, two test blocks can be used:s(when conahdd iy

available). one higher and one lower than the id
thar the resting machine is expe led. easure

A o De tised Tor fifd Udlzy verification
shall be the indenter rbll‘ls.ltormdlly usellsfil desting. H
A1.53.3 Before parda mug the daigs 3% Tlc'mon tests,
WHe ﬁ workmq

ensure Lh'u Lhc lcsum

hardness measurements on 4 3
these measurements need not be recorded

lue that the testing machine is $&pected to mepsyre. *

Notr Al4—ICis highly recommended Lhal the resulls obtained from
the daily verification Lesting be recorded using accepled Stalistic
Conlrof techniques. such as. bul not fimiled Lo, X-bar (measurcment
averages) and R-charts (measurement ranges), and hislograms.

A6 Verification Report

Al.6.1 The verification report shall include the following
information as a result of the type of verification performed.

A1.6.2 Direct Verification:

AL.6.2.1 Reference to this ASTM test method.

A1.6.2.2 Tdentification of the hardness testing machine,
including the serial number, manufacturer and model number.

A1.6.2.3 Tdentification of all devices (clastic proving
devices, etc.) used for the verification, including serial numbers
and identification of standards to which traceability is made.

Al.6.24 Test temperature ar the time of veril ion {see
Al22
A1.6.2.5 The individual measurement values and calculared
L3008 psed to determine whether the testing machine meers

<R i@ dements of the verification performed. Tt is recom-

bt 2846 the uncertainty in the caleulated results used o
Shether the testing machine meets the requirements
ation performed also be reported.

ments or maintenance done to

'A1 .6.2.7 Date of verification and reference to the verilying
agenu or department.
AI .6.2.8 Signature of mc person performing the verifica-

Al .6.3 dpdirect Verificattong . &

ALA33" Reterence to this $STM test method.

ATB32 Wentificatiod 184 dbe hardness testing machine.
b wal number, Warufacturer and model number.

Al.5.3.4 Make at least two hardness nfedSdibmediS &0 I:ach
of the daily verification test blocks ﬂdhkﬁﬁé % $facing
requirenients given in 7.9.

Al.53.5 Forcach test block, calculate Lhc crm
and the repeatability R (scc Eq 3) from the mea: ¢d hardness
values. The testing machine with the indenter is regarded as
performing satistactorily if both £ and R for all test blocks are
within the maximum tolerances given in Table A1.3. Note that
if the differences between the individual hardness valucs and
the certified value for a test block are all within the maximum
error £ 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.

Al53.6 If the daily verification measu[ememx 10r any of
the test blocks do not meet the eriteria of A1.5.3.5. the daily
verification may be repeated with a different mdcmu or after
cleaning the tester, or both (see the manufacturer’s instruc-
tions). It any of the test block measurements continue to not
meet the criteria of Al . 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 T the anvil (o 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 hardncss.

ff(m Eq2)
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A116.3.3 Tdentification of aH'de¥ices (test blocks. indenters.
ete.) used for the verification, including serial numbers and
identification of standards to which traceability is made.

Al.6.3.4 Test temperarure ar the time of verification (see
Al2.2).

Al.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 meers
the requirements of the verification performed. Measurements
made to determine the as-found condition of the esting
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 o the testing
machine, when applicable.

A1.6.3.8 Date of veri
agency or department.

AL.6.3.9 Signatre of the person performing the verifica-
tion.

Al.64 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 valuc of the test block. (est block identification. and

ation and reference to the verifying
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the namc of the person that performed the verification, cle. (sec
also Note AlL4). These records can be used to evaluate the
performance of the hardness machine over time.

A2, ROCKWELL HARDNESS STANDARDIZING MACHINES

A2.1 Scope

A2.1.1 Annex A2 specifics the requirements for the
cupabilities, usage, periodic verification, and moplpging of a
Rockwell hardness standardizing machine. The RifI$&ILhard-
ness standardizing machine differs from a R b
testing machine by having tighter tolerances. -
mance arributes such as force application & dqm\c'l)ms 11};\-
teresis. A Rockwell standardizing macl /uxed i«r- (he
standardization of Rockwell hardness indemess as deseribed in

Annex A3, and for the standardization of ﬁm well test block:

as described in Annex A4,

A2.1.2 Adherence (o this standard and 'mn:; bm\lnbwa,b
ability to national standards. cxceptiass Sta@geagides

A2.2 Accreditation

A2.2.1 The agency condgartie dirgeiedyen mdirect verifi-
cations of Rockwell hm;ip;gs‘qt'md'rrdmng ngchines shall be

accredited to the requiggdged$ of 1SO L7028 3¢ an equivalenry =~ " ments may be made to the force applica

by an accrediting body 3&&hized by th¢ J3@idational Labo-
ratory Accreditation CobbSdldi (ILACYE 38 dpbrating to.dhe
requirements of TSOAECIIZOLLL Ao agddy Sacereditelis
perform verifications of Rox ! hardnes:
chines may perform the verifications of isse own’star
machines. The standardizing laboratory st
scope of acereditation stating the types of
and/or indirect) and the Rockwell scales rhm ;L;q quﬁgd by the
accreditation.

Nore A2.1—Acereditation {5 a new 1eq\uremem ‘r?)v)mg with this
edition of the standard.

A2.3 Apparatus

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

A2.3.1.1 The stundardizing machine shall be designed so
that: (/) cach test force can be selected by the operator, and (2)
adjustments 1o (est 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 beuer.

A2.3.1.3 Deviation in parallclism between the indenter
mounting surfacc and the anvil mounting surface shall not be
greater than 0.002 mm/mm (0.002 in/in.). This characteristic
of the standardizing machine is not likely (o vary with time., As
such, the accuracy of this dimension shall only be certificd by

by direct verification unless the components have been
changed.

Copyight AST Internatonal
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'a;;plmuon time should be less than 5 % of

A23.1.4 Indenters—Class A bull indenters and Class A or
Reference diamond indenters as described in Annex A3 (sec
Nolc 3) shall be used.

A23.1.5 Testing Cvele—The standardizing machine shall be
capable of meeting cach part of the (esting cycle within the
tolerances specified in Table A2.1. The manufacturer of the
standardizing machine shall verify each of the five components
of the testing cycle ar the time of manufacture, or when the
testing maching is returned (0 the manufacturer for repair.
;sAZ3.1.6 Tt is important that the final portion of the addi-
‘gree application be controlled. Two recommended
or properly applying the additional force are as
T 111 the average indenter velocity vy (see Fig. 2) during

“the, $inhE 40 % of additional force application should be

bﬂrween-ﬁ 020 mm/s and 0.040 mumy/s, or (2) the amount of
-u-pplled during the final 10 % of the additional force
of the additional force.
2.3.1.7 During the period between verifications, no adjust-
ion system, the force
picy depth measurement system,
caeh Rockwell scale.

measuremep] system. the inds
or the ©§€vcle that is uscegd

A2.4 1abovatory Environy
r]'hc slﬂndﬂrdum«v

A2_4

achine shall be locaied in a
dy Ly_uomromd room with (ofer-
ances for these conditions given’in"Fable A2.2. The f
the temperarure and relative-humidity measuring instruments
shall be as given in Table A2.2. The display of the temperature
measuring device shall have a resolution of at least 1°C.

A24.2 The temperature and relative-humidity of the stan-
dardizing laboratory shall bc monitored beginning at least onc
hour prior to standardization and throughout the standardizing
procedure.

A24.3 The standardizing machine, indenter(s), and test
blocks to be standardized must be in an environment meeting
the tolerances of Table A2.2 for at least one hour prior (0
standardization.

TABLE A2.1 Testing Cycle Requirements

Test Oyele Parameter Tolerance
Indenter contact velocity, va =1.0 mmis
Dwell time for preliminary force, tes (when the time to apply 8.0 1.0s
the preliminary force s, = 1 s, then calculate this parameter

as P41,

‘Addfional force application, tm {see A2.3.16) 1010805
Dwell time for total force, t 502105
Duwell time for elastc recovary, & 402105
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A2.6.2 Direct Verification—Perform a dircct verification of
machine in accordance with the

TABLE A22 Laboratory
Requirements the standardizing
Environmental Tolerance Accuracy of given in Table A2.
Parameter Measuring Instrument
Temperature 230 % 3.0°C +1.0°C
(73.4  5.4F) {1.8°F)
Relative humidity =70% +10%

A2.44 During the standardization process, (3¢ Sdidardiz-
ing machine shall be isolated from any xlhdxﬁbﬁ il dmay
atfect the measurements. It

A2.4.5 The power supply to the \ldndmﬁzﬁlk.lhddﬁﬁé 35411
be isolated from any electrical surges +éould Aﬂed.m
performance.

A2.5 Veri

A2.5.] The standardizing machine shall leéq piida 014
indircct verifications al periodic ingepals il MENISICIDS
stances occur that may ailect (¢ PRADMANES OL HEs S Igdad-
izing machine, according to,thd &PhEAuIS el $&il T Thble A2.3.

Noms A2.2—Periodic dueu,»}:.nvmsue»m, 12 Bbaths) s a new
1equuemem smmm vum thi

ations

Waiben @ standardizing ¢
&S adjustments.ebddifdtions or repaird *
wore made that coud aigE 58 3Baliation of 3§ J3¢ Precs. he depth

measuring system, or Lhe magRemhteresis.

gnm in TahIL A2. ?
A253 All instruments used to make NS re-
quired by this Annex shall be calibrated um genational
standards where a system of traceability exms‘ pg;gpl as noted
otherwise.
A2.54 The standardizing machine shall be directly and
indirectly verified ar the location where it will be used.

A2.6 Periodic Verification Procedures

A26.1 Perform Cleaning and Maintenance—If required.
cleaning and rowtine maintenance of the standardizing machine
shall be made before conducting dircet or indireet verifications
in aecordance with the manufacturer’s specifications and in-

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

Verification sehedule

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 Iot is standardized, and at the

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

single lot is standardized over multiple days.

t1p grevious editions

° v

The test torces, depth measuring s
and machine hysicresis shall be verified.

A2.6.2.1 Verification of the Test Forces—For cach Rockwell
scale that will be used. the associated torces (preliminary test
force. total test foree, and test force during elastic recovery)
shall be measured. The test forees shall be measured by mcans
of a Class AA elastic force measuring instrument having an
accuracy of ar least 0.05 %, as described in ASTM E74.

A26.2.2 Make three measurements of cach force. The
forces shall be measured as they are applicd during testing.

A2.6.2.3 Bach preliminary test force £, and euch total test
force # shall be accurate to within 0.25 % in accordance with
S A4
A212.4 Verification of the Depth Measuring System—The
&bl kbdsuring system shall be verified by means of an
inblehidebl Bhving an accuracy of at least 0.0001 mm.

A2&35 Verity the standardizing machine’s measurement
ok mgﬂnn at not |L5< than four cvenly spaced increments of
approxzmately 0.05 mm at the range of the normal working

igrgth of the standardizing machine. The normal working depth
gec shall correspond to the lowest and highest hardness
ues for the Rockwell scales that will be standardized or that
will be useg,for indenter caliRgigons.

A26:Z.bFor westing machingssidvith long stroke actuators
and fixedlawils. the depthimeadirement verification shall be
positions m[[es;w'liﬁiag to each thickness of test
ll he \hmdmﬁzad amlmr will be used for indenter
calibrasons. %

A26.2.7 The indentation cpl mcasurmg 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.

A26.2.8 Verification of Machine Hysteresis—Most Rock-
well hardness machines will undergo flexure in the machine
frame and some machine components cach time a (est is made.
T the Mlexure is not entirely clastic 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 resull. The goal of the
hysteresis verification is to perform a purcly clastic test that
results in no permanent indentation. 1n thi y, the level of
hysteresis in the flexure of the testing machine can be deter-
mined.

A2.6.2.9 Perform repeated Rockwell tests using a blunt
indenter (or the indenter holder surface) acting directly onto the

#

TABLE A2.4 Tolerances on Applied Force for the

Standardizing Machine
Force, kg (N) Tolerance, kgt (N)

10 (98.07) 0025 (0.245)

60 (588.4) 0.150 (1.471)

100 (980.7) 0250 (2.452)

150 (1471) 0375 (3678)

3 (29.42) 0008 {0.074)

15 (147.1) 0038 {0.368)

30 (294.2) 0075 (0.736)

45 (441.3) 0113 {1.103)
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anvil or a very hard test picee. The tests shall be conducted on
a Rockwell scale having the highest test force that is used for
normal standardizations.

A2.6.2.10 Repeat the hysteresis tests for a maximum of ten
measurements and average the last three tests. The average
measurement shall indicate a hardness number within
130 = 0.3 Rockwell units when Rockwell ball scales B, E. R
G. H and K arc uscd. or within 100 *+ 0.3 Rockwell units when
any other Rockwell i

A262.11 Direct \/('Hﬂumun Failure—it any DY :lbé direct
verifications fail the specified requirements. thbssdddarditing
machinc shall not be used undl it is adjusted ok iz6d. -/(uv
mrdmele[ lhd[ ma hMe been Atteued hh

A2.6.3 Indirect \/wtﬂumunflndlreu
verifvinu the perfnrmance of rhe Stan

Tect \enn lmn nl the standardizigg ;mn:ch ;lpg%hql‘ 5(,4:
shall be made within the rime;§2dad gigey bt TIVEIAE A
sclected number of Rockwell s$aPs $hg§ PEIDITLETY veritied
al the time of the dircct whrxtmbn ,ﬂ.dvz,cﬁbdd below. The
indirect verification of all e smay be made
at any time as long as n.« & :p'crmd given in

a

performed (o determine Lhc‘pmcnnﬂncc o thpsstandgrgitdng
machine at cach force level that the stangigrdizing magiting is
capable of applying. An example of an ind&&er verifSLiph tor
a standardizing machine capable of applyldd 18 ¥odElgels is
given in Table A2.5. Ttis recommended iSRS &I $¢ales be
chosen that will also verify cach indenter .
‘When national primary I
A2.3) are available, they should be used for ‘the periodic
indircct verification.

Nom: A23—Primary standardized lest blocks are certilied al Lhe
nalional standardizing laboralory level. Tn the Uniled States, the national
Rockwell hardness standardizing laboratory is the National Tnstitute of
Standards and Technology (NTST), Gaithersburg, MT> 20899,

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

TABLE A2.5 Suggested Rockwell Scales for the Indirect
Verification of Machines Capable of Performing Both Regular and
I Scale Tests and that Will Use Only Diamond and
1416 in. (1.588 mm) Diameter Carbide Ball Indenters

Preliminary Force Total Force Indenter Rockuwell
kgf (N} kgf (N} Type Scale
10 {98.07) 60 (588.4) diamond HRA
10 {98.07) 100 (980.7) Yis In. bal HRB
10 {98.07) 150 (1471) diamond HRC
3 (29.42) 15 {147.1) diamond HR15N
3 {29.42) 30 (294.2) Vi in. bal HR30T
3 (29.42) 45 (441.3) diamond HR45N

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

Maximum Maximum

Ha”geT""sB‘f”dka'd‘md Repeatabilty, A Error, £

st Blocks {HR units) {HR units)
HRA 201065 10 =05
701078 07 £05
801084 05 £03
HRBW 40 10 59 1.0 207
6010 79 07 £05
8010 100 07 £05
HRC 20 10 30 1.0 £05
3510 55 07 £05
60 10 85 05 £03
HRD 4010 48 1.0 £05
511067 07 £05
711075 05 £03
701079 07 £05
841090 07 £05
93 10 100 05 £05
801075 07 £05
. 801090 07 £05
19410100 05 £05
30 10 50 1.0 £05
551075 1.0 £05
8010 94 1.0 £05
801094 1.0 £05
96 10 100 1.0 £05
40 10 80 07 £05
65 10 80 05 £05
8510 100 05 £05
1.0 £05
1.0 £05
10 =05
10 =05
cen 10 =05
HRVWA 29 e - 10 =05
70 10 77 1.0 £05
4731068 07 =05
%0092 05 204
4218 8¢ 10 05
551073 07 =05
7710 82 05 204
HRasN 2010 31 10 =05
3710 61 07 =05
86 10 72 05 204
HRISTW 741080 10 207
811086 07 =05
871093 07 =05
HR3OTW 431056 10 207
57 10 69 07 =05
70 10 83 07 =05
HRASTW 131032 10 207
331052 07 =05
531073 07 =05
HR1SWWA 10 =05
HR30OWWA 10 =05
HRASWWA 1.0 £05
HR15XWA 1.0 £05
HR30XWA 1.0 £05
HRA5XWA 1.0 £05
HR15YW* 10 05
HR30YW* 10 05
HRasYW* 10 05

 Appropriate ranges of standardized test blocks forthe L, M, P, R. S, V. W. X. and
¥ 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

A2.6.3.3 The indenter(s) to be used for the indirect verifi-
cation shall be the same indenter(s) that will be used for future
standardizations. T more than onc indenter will be used for the
same hardness scale, an additional verification shall be made
for cach indenter.
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A2.6.3.4 The test cycle to be used for the indirect verifica-
tion should be the same as the test cycle used by the
standardizing laboratory when calibrating the standardized test
blocks.

A2.6.3.5 Prior to (esting the standardized test blocks, ensure
that the testing machine is working freely, and thar the indenter
and anvil are scated adeguatcly. Make at least two hardness
measurements on a uniform (est picee for the scale o be
verified. The results of these measurements pe 1 not be
recorded. .

A2.6.3.6 On cach standardized block, malge g slgdsfive

hardness measurements distributed uniforml, \”QW'IQQ\M'\LC
of the block. b

A2.63.7 Error—Using By derermmi mé Erm( £ 11: ihe
performance of the standardizing machirls id®cach standdid-
ized test block that is measured. The errorsh $hall be within the
tolerances of Table A2.6. *

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

A2.6.3.10 Tt is recommended that immediately following
the suceessful completion of an indircct verification, user (est
blocks are calibrated for use as monitoring blocks as outlined
in A2.7,

A2.7 Monitoring Verification

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

A2.7.2 The standardizing laboratory shall monitor the per-
t¢dince of a standardizing machine used for the standardiza-

.GM ¥ est blocks berween periodic direct and indirect verifi-

crforming monitoring verifications cach day that

A2.6.3.8 Repearabiliny—Using Bq 3, u:m
ability R in the performance of th standarg
cach standardized test block tha (;mu Jhitisy
R shall be within the tolerancgs QI: hle 242 Q,Q‘,lhc ;alln[dled
repeatability is outside the 19 8iddes QITIE 8226. it may be
duc (o the non-uniformity, oca«t:mq,mbc] 'mda:pcmahﬂuv R
may be determined agail h¥: il
surements on each starkf@idized block i3 om proximity
cach other adhering 1@ sndchiation spacing e i
3). A pattern such as iMBgE4Ed 3 Fig. AP isiccommended.
The close proximity of lhem d 3
of test block non-uniformir; . H L

A2.6.3.9 Tr any of the crror I or repguahility R, nppggre-
ments fall outside of the specified tolerangds fh, siaggdfiting
machine shall not be considered to have 3$$e3% ffS tdirect
verification. A number of corrective actioh$ 383y bé altempted
to bring the standardizing machine within ‘tdlidddes. These
actions include cleaning and maintenance of acing the
anvil. No adjustments to the force application s;/srem force
measurement system, or depth measuring system may be made.
The indircot verification procedures may be repeated after
making the allowed corrective actions. 1f the standardizing
machine continues to fail the repeatability or error tests

Closest
spacing
allowed

FIG. A21 Pattern for
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<lﬂnﬂardwmons arc made. according to the schedule given in
in Moniroring verifications are indirect verifications
ed with monitoring test blocks thar bracket the stan-

L{argiznion hardness level.

A27.3 The standardizing laboratory should track the per-
férmance of the standardizing machine using control-charting
techniques or other comparable methods. The control charts
of measurement
lhs Stundardizing machine

are intended 3o indicate Whelhe hiee is a lc
control lﬂrd"le peri()rmmue

m;uupmcnls (@;-thlg A4 qr Anncx A4 shml be used. The
moniloring test blocks shalt*bc W cach of the appropriatc
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 1o usc 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.

A27.5 Procedure for Calibrating Monitoring Test Blocks—
Monitoring test blocks for a specific Rockwell scale shall be
calibrated by the standardizing laboratory following an indirect
verification of the scales for which monitoring blocks will be
calibrated. An adequate number of monitoring blocks should
be calibrated for cach hardness scale and hardness level. The
number of blocks required is dependent on cach laboratory’s
needs and experience.

A27.5.1 Prior to calibrating the monitoring test blocks,
ensure that the (esting machine is working frecly, and that the
indenter and anvil arc scated adequatcly. Each time the
hardness scale is changed. make ar least two hardness mea-
surements on 4 uniform test piece for the scale to be verified.
The results of these measurements need not be recorded.

A27.5.2 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 cach Rockwell scale.

A275.3 For each of the monitoring test blocks, let A,, be
the average of the calibration values as measured by the
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standardizing machine. The value of H,, may be corrected for
the error £ that was determined for that Rockwell scale and
hardness fevel as a result of the indirect verification.

A2.7.6 For cach moniloring block, the following informa-
tion shall be recorded and retained for at least the time period
during which the monitoring block calibration is valid.

A27.6.1 Serial number.

A2.7.6.2 Calibrated hardness value, 7,

A2.7.6.3 Dalc of calibration.

A2.7.7 Monitoring Methods—It is remmmemleﬁ; that con-
Lrol charts or other mmpm able methods be used 1é Mmumr the

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 he
repeated after making the allowed corrective actions. 1 the
standardizing machine continues (o fail the crror ests follow-
ing corrective actions, the standardizing machine must undergo
adjustment and/or repair followed by a direct verification.

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

A2.7.8.8 Examine the measurement data using control
charts or other monitoring systems that arc being used (sce
Nole A2.4). Tr the monitoring verification data indicatcs that
the standardizing machine is within control parameters, stan-
dardizations are considered to be valid.

dncms the design and usc of control chargsg sae! 1 as the ASTM

“Manual on Presentation of Data and (‘onppt Chart Anﬂly

6th Edition,

Statistics. The stundardizing laborarory shptild develop ggd Sise

control charts that best apply to their spetific pedds
A2.7.8 Monitoring Procedures—Jhg follpPig

procedures shall be performed HEF&E and mdt’ SEDADEDE Tkt

blocks is standardized. Whey S dfdi¢ddgasdia finglc ot of

313

test blocks spans multiple sdayss The dg procedures

shall be performed at theeaixb of the® Work dixi-(md at the start .

of the following day di 1z-tﬁs period th
izcd. Tn addition. the #
whenever the indenters gagidagr iest for c;ﬂ!chgn«\d :
A2.7.8.1 Atleast two mppRPLing 1gst btk shall be usgd in
the dppropriate hardness ranp®$ Hrbracker the hardneg§ tedvel
1o be standardized. These ranges are givénin Tible 3D For
some Rockwell scales (for example, HRRE: kLHRS)erA thay
be anly onc monitoring test block that ¢
A278.2 Pnor o lcsun«v Lhc momml ir

ot is Sldndd[dj

and mwl are sedled ddeqlmreb Mdke ar ledﬂ'mv hardness
measurements on a uniform (est picee for the scale 1o be
verificd. The results of these measurements necd not be
recorded. Repeat this procedure each time the hardne: ale is
changed.

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

A2.7.84 Error—Delcrmine the error E (Eq 2) in the perfor-
mance of the standardizing machine for cach monitoring test
block that is measured. The error £ shall be within the
tolerances of Table A2.6.

A278.5 Repeatabilit—Determine the repeatability R in
the performance of the standardizing machine (Eq 3) for cach
standardized test block that is measured. The repeatability R
shall be within the wlerances of Table A2.6.

A2.7.8.6 If any of the error £ measurements or the repeat-
ability R measurements fall outside of the specified tolerances.,
the standardizing machine shall not be considered to have
passed the monitoring verification, and shall not be used for
standardizations. A number of corrective actions may be
attempted to bring the standardizing machine within toler-
ances. These actions include cleaning and mainienance or

Copyight AST Internatonal
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prepared by Committee E3F on Quality and,

ahdgiadg il

Nomr A2.4—Conlrol charl data should be inlerpreted by the laboratory
basgd on past experience. The need for corrective action does not depend
wolety oy dma falling outside the control limits, but also on the prior data
s occurrence. As a general rule, however, once the standard-
ik is determined 1o be in contol, a single occurrence of data
&4 he contiol limits should alert the laboratory to a possible
‘helewel of action that is required depends on the history of the
aiformance, 1t may be precautionary such as increasing the
& frequency. or corrective such as performing new direct and

gmggq Sarifications

A28.1 Direct Verification:
A2.8.1.1.Reterence to th
A28 .

‘1dg1llﬁcaumf afs ml devices (clastic proving
devices, ete.) 08838 fpr the verlfidation, including serial numbers
and identfication of standatd$ to Which traceability is made.

A28.1.4 Test temperature ar 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 mects the
requirements of the verification performed also be reported.

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

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

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

A28.1.9 Accreditation certification number.

A2.8.2 Indirect Verification:

A28.2.1 Reference to this ASTM test method.

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

A2.8.2.3 ldentification of all devices {test blocks, indenters,
ete.) used for the verification, including serial numbers and
identification of standards to which traccability is made.

A2.8.24 Test temperature at the time of verificati
ported to a resolution of at least 1°C.
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A2.8.2.5 The Rockwell hardness scale(s) verified.

A2.8.2.6 The individual measurement values and calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed. Measure-
ments made to determine the as-found  condition of the
standardizing machine shall be included whenever they ure
made. Tt is rccommended that the uncertainty in the calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed also be
reported.
2.7 Description of maintenance done to the,
izing machine. when applicable.

standard-

A3.1 Scope

Lyse
to manufacture and standardize the Rockwell i dhbhll sphdis
conical indenter and Rockwel] Hulls fiienices #4938 Wistf 4fl
Rockwell scales. : ,

Note A3.1—Previous versiond DYt s &b thar diamond
indenters used for calibration $§83he (lowid dddbirical reguire-
ments:

included angle of 120+% 0y
mean radius of 0200 dbﬁ‘! wen and
radius in cach measured $&84n §38200 + (AW IIm.

Tuis believed that diamond i@l % $4Sting 1 Frances ,@, aul
reliably available on the world marRet & this time, Constquently, F§tithis
revision, the tolerances for the geometric featurgd of the Cl d
Reference diamond indenters have been temporar avels
of Class B indenters until such fime as indenters b inces
become reliably available.

dmgnaud by this <landmd as Class B, ﬂ"d Cl as'sgA. Class B
indenters arc 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 arc intended for the indireot verification
of Rockwell standardizing machines in accordance with Annex
A2, and for the standardization of 1cst blocks in accordance
with Annex A

A3.1.3 The Annex covers three levels of diamond indenters,
andard as Class B, Class A and Reference
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

A2.8.2.8 Dalc of verification and reference (o the verifying
agency or department.

A2829 Signawre of the person performing the verifica-
tion.

A2.82.10 Accreditation certification number.

A2.8.3 Moniforing Verification:

A2.83.1 No verification report is required: however, it is
required that records be kept of the monitoring verification
resulls, sec A2.7.8.8.

1 I3 standardizations of in-
1t be accredited to the requirements of [SO 17025
(or, pa xcpgdvalent) by an accrediting body recognized by the
Tygditgional Laboratory Accreditation Cooperation (TLAC) as

SPeedihe to the requirements of 1ISO/IEC 17011, The standard-

Zibd laboratory shall have a certificate of accreditation stating
HE class and types of indenters that are covered by the
i Only indenters ()t h class and types within the
- i e considered 1o meer this

Noms A3Z starting with this
editiont 36 e erandard.

A33 €@ ncral~ﬁegulrcmcllls

3.1 The standard Rockwell hmdncss indenters are the
diammul spheroconical indenter, and tungsten carbide (WC)
ball indenters with diameters of Yis in. (1.588 mm). Y& in.
3.175 mm), Y4 in. (6.350 mm). and V2 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
5.1.2.0).

3.2 The standardizing laboratory environment, the stan-
ddrdlzmg machine, and the standardizing test cycle shall
satisty the requirements of Annex A2.

A333 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceuble to national
standards where a system of raccability exists, except as noted
otherwise.

A3.34 All classes of diamond indenters and ball indenters
shall be verified for corrcet geometry and performance in

blocks in accordance with Annex Ad, Reference indenters are
intended for the standardization of Class A indenters.

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

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

Copyriht ASTH Intemational
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accordance with the schedule specified in Table A3.2.
A3.4 Ball Indenters

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

Ssyf:[‘;‘ Indenter Type
HRA Diamond Spheracanical
HRBW WG Ball - ts in. (1.588 mm)
HRC Diamond Spheracanical
HRD Diamond Spheracanical
HREW WG Ball - 14 in. (3.175 mm)
HRFW WC Ball - s in. (1.588 mm)
HRGW WC Ball - s in. (1.588 mm)
HRHW WC Ball - % in. (3.175 mm)
HRKW WC Ball - ¥ in. (3.175 mm
HRLW WC Ball - ¥ in. (6.350 mm
HRMW WC Ball - ¥ in. (6.350 mm
HRPW WC Ball - ¥ in. (6.350 mm
HRRW WC Ball - ¥ in. (12.70 mm
HRSW WC Ball - ¥ in. (12.70 mm
HRVW WC Ball - ¥ in. (12.70 mm
HR15N Diamond Spheroconical
HR30N Diamond Spheroconical
HR45N Diamond Spheroconical
HR1STW WC Ball - Vre in. (1.588
HR30TW WG Ball - g in. (1.588
HR45TW WG Ball - Y in. (1.588 )
HR5WW WC Ball - ¥ in.
HRBOWW WC Ball - ¥ in.
HR45WW WC Ball - 14 in.
HR15XW WC Ball - 1 .
HR30XW WC Ball - /2 in3(8.850
HRASXW WC Balls V4 ipo(B.3508
HRI5YW WC Bl
HR30YW
HR45YW
Indenter
Yoo Phfdgmance 33
Class B When an inderier s new+ = When.an Indarfer s ey
diamond when Suspected damageda
cccurdel, o i
Class A When an indenter is new. Shall ko w2
diamend o smy:@ws‘m ;ém; and
when
Reference  When an indenter is new.
diamond
Classa  Bals shal bo verfad or Ball holders shall be verified
dimensions when ne when new, and when suspected
Class B Ball hodere shal b verified for damage has oceurred. (The
ball ball protrusion when new. requirement does not apply

when simply replacing a ball)

A3.4.2 One-piece fixed-ball indenters are allowed provided
the indenter meets the same requirements as removable ball
indenters. The manufacturer shall ensurc 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 Bails—The balls shall meet the following
Tequirements:

A3.4.3.1 The mean surface roughness of the ball shall
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.).

A3.43.3 The diameter of Class A balls, when measured ar
not less than three positions, shall not differ from the nominal
diameter by more than 0.0010 mm (0.00004 in.).

not
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Notr A33—Balls that conlorm lo ABMA Grade 24 salisfy Lhe
requirements for size and finish Tor Class A and Class B as specified in
ABMA Slandard 10-1989.

A34.3.4 The hardness of a tungsten carbide ball shall not be
less than 1500 HVI in accordance with Test Mcthod E92 or
E384.

A34.3.5 The material of tungsten carbide balls shall have a
density of 148 = 0.2 glem®. and the following chemical

composition:
Total other carbides 2.0% maximurn
Cabalt (Co) 50107.0%
Tungsten carbide (WC) balance

A3 6 The surface hardness of a steel ball shall not be
less than 746 HV1 in accordance with Test Method E92 or
E384.

A3.4.3.7 For the purpose of verilying the requirements of
the ball given in A3.4.3, it is considered suflicient to test a
s@l@le set of balls selected at random from a batch in
&Idnce with the schedule specified in Table A3.2. The balls

'wSril'ad Idribardness shall be discarded.

o meet the above requirements for indenter balls.
e standardizing laboratory may either verify that rhe
t the requirements, or obtain a certificate of verifica-
d99 S2om the ball manufacturer.

844 Batl Holder—The ball holder shall meer the follow-
fmg requirements:

A34.4.1 The marterial used o manufacture the portion of
the ball Ldler thar supports M test force should have a
minimw’fardness of 25 HRE?

4

mcﬂsurtmun o by perl I'ormmgtm appropriate Rockwell scale
teston a slﬂndﬂrdn ed (st blgpkhaihas an cquivalent hardness
of 10 HRBW or sotter. The protwusion is sufficient if the
hardness result is within = L5 of the certified value of the
block.

A34.5 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
also on characteristics of the ball holder thar 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
A3.2.

A34.5.1 The performance verification is accomplished by
making hardness measurements on test blocks meeting the
manufacturing requirements ol A4.3 and having been standard-
ized using a standardizing machine which successfully passed
direcr 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, corrc:ponding (o the ball
size being verified. Some specially designed Y6 in. (1.588 mm)
Class B indenters may not be able to perform tests using the
Rockwell scales required for verification of normal indenters in
Table A3.3. For example, this applics (o thin-tip Yie in. (1.588
mm) ball indenters that cannot support HRB scale test forces.
These limited scale indenters may be used provided they are
certified for the scale or scales they are designed (o perform by
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TABLE A3.3 Test Blocks to be Used for Class A and Class B Ball
Indenter Performance Verifications and the Maximum Tolerance
on the Performance with Respect to Standardized
Reference Blocks

Ball Size Ranges of Class A Class B
Reauired Tes
in. (mm) Tolerance Tolerance
Vie (1.588) 20 to 100 HABW + 0.4 HRBW + 0.8 HRBW
Vs {3.175) 68 to 92 HREW + 0.4 HREW + 0.8 HREW
Y2 (6.350) HRLW, HRMW. or = 0.4 HAl 208 HRA
HRPW (any level}
e (12.70) HRRW, HRSW. or = 0.4 HAl =08 HRA

HRVW (any level)

using the test block or blocks for th§ds §&dcs 28 38Tined in
Table A3.4. Tn all cases the test repofeshil‘define (A& $eale or

scales the indenter is certified to perf(arm a
A34.5.2 Prior w the pertnrmdm erification. ensure (h

the testing machine is working ru:ly, “nd th; |'K

he \ermed And anvil are \eare(l Adequdlei

lhuc measurement: nccdm;] “,n,wwp
A 3 Onthe mngjn:@zcd 4 bkﬂ< mmw cml three

Determine the differeAd¢ brweeh s
more numulcmuns uadﬁL calibratdd

45 pRility. the it shall be within the
able A3.3
:

3 Z(vr )&le%% ()t mdeme[

Induncr cﬂpe can bc dfmm«\d dumv o gmg -Lh;n; ore may
have to be replaced. When the cap mepm;:q Mgl a new cap,
the ball indenter assembly shall be perftifih¢ tested before
usc by performing a daily verification acédlifng 1o A153.1.
The (est block used should have a hardness ¢qual (o or softer
than the softest material that is expected to be tested using the
indenter, The verification may be performed by the indenter
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 cvery
day use t© perform Rockwell hardness measurements. They
shall be verified for correct geometry and performance in
accordance with the schedule specified in Table A3.2.

TABLE A3.4 Test Blocks to be used Ior Singular or lelled Scale
Ball Indenter and the
Tolerance on the Performance with Respect to Standardized
Reference Blocks

Ranges of
Ball Size Required Test Tolerance
in. {mm} Blocks

Vis (1.588) 67 10 90 HR15TW £ 0.8 HRISTW

HRI5TW scale

Vis (1.588) 30 to 77 HRSOTW 0.8 HRBOTW

HR3OTW scale

Copyriht ASTM Intemational
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2 Geomefric Requirements of Class B Diamond In-

2.1 The polished portion of the diamond indenter shall
be nu from surface defects (cracks, chips, pits. cle.) when
observed under a 20x magnification. The indenter shall be
polished to such an extent thar no unpolished part of its surface
makes contact with the st picce when the indenter penetrates
0 a depth of 0.3 mm.

A3.52.2 Verification of the following geometric features
shall be made at not less than four approximately equally
spaced full cross-section profiles. For example. four profiles
would be spaced at approximately 45° intervals.

A3.52.3 The diamond shall have an included angle of
120 = 0.357 (see Fig. A3.1).

A3.52.4 The tip of the diamond shall be spherical with a
anean radius of 0.200 = 0.010 mm (sce Fig. A3.1). Tn cach
easured section, the radius shall be within 0.200 * 0.015

e and local deviations from a true radivs shall not exceed
lk(l% .

SIA8325 The surfaces of the cone and spherical (ip shall
in a rangential manner. The location where the spherical
1ips and the conc of the diamond blend (ogether will vary
$itpending on the gecometrical values of the tip radius and conc
tngle. An indenter with a perfect geometry will have a blend
point located ar 100 pm from the indenter axis measured along
a line normal to the indenter axis. To avoid including a blend
i 30 um in the measurement of the
:ﬁ()rmm of the diamond surface
may be ignored.

2 ) used to verify the geometrical
fgarcs shgll be upﬂbrcp measuring 1o the accuracics given
11 Table ASe3. *

A3.52.7 The verifi n(m nf the geometrical features of the
diamond may be made by dircct measurement or by measure-
ment of i’s projection on a screen provided the accuracy
requirements are met.

A3.52.8 When the projection on a screen method is used.
the contour of the diamond projection is compared to lines on
the screen that indicate the dimensional tolerance limits. In this
cuse, meuasurement values for the geometrical features are not
required. Tt is sufficient to stae that the features are within
(olcrances.

A3, 31 The influence of the diamond indenter on the
hardness value is not due solely to the previously specified
features of the indenter, but also on ether characteristics that

Included Cone Angle
20 degrees

* spherical
/Radius of Curvature),
;T 02mm )

Secti

FIG. A3.1 Diagram of Ci | View of Dia-

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

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

Geometrical Feature MinimLim
Accuracy

Angles 01"
Radius 0.001 mm
Straightness of the generatric line 0.001 mm

(Class A and Reference indenters
only)

vary due to manufacturing procedures. To ex:
influences, the performance of each Clas i
verified by comparison to the performance
Class A or Reference indenter. :
5.3.2 Diamond indenters may be ygiifigd fon

limited Rockwell scales as follows: napm'livckwcl? x@lm
only: superficial Rockwell scales only: sdrg hath regular and
superficial Rockwell scales. Special digdPhd indenters in
tended for single or limited scale use add indenters, sygh as
side cut diamond indenters, that becans§ of their,g&iddibs
cannot support the heavier loads of some Rotk¥E0s
also allowed. 1n all cases the test rt:{xnshdil.{ki‘i Xi PR o

Class B
Tolerance
as Compared
Ranges of o
Indenter Type Required Test oA or
Blooks Relerence
Indenier
Ha—Hy
Regular Scales Diamond 2210 28 HRC 08 HRC
80 to 65 HRC + 04 HRC
Superiicial Scales Diamand 8510 94 HR15N +05 HRISN
50 to 69 HR3ON +0.5 HRION
22 t0 29 HRASN +08 HR4SN
Combination Regular and 2210 28 HRC 0.8 HRC
Superiicial Scales Diamond 60 to 65 HRC +05 HAC
88 t0 94 HR1SN 0.5 HRISN
60 to 69 HR3ON + 0.5 HRION

TABLE A3.7 Test Blocks to be Used for Singular or Limited Scale
_Diamond Indenter Performance Verifications and the Maximum
Riprance on the Performance Relative to the Class A or
Reference Indenter

making hardness measu
manufacturing requircny {eAd2
A3.5.3.4 Prior to th formance ves
the (esting machine unql 1?9' frecly. mm'gn;\“h\ indenter and
anvil are scated adeqypgqlys Make atgfopsg awo hardnpss
measurements on a unifor g Iigce using 33l force of $50
ket or the greatest test forc2 JNQethe indenter@ih suppys
results of these measurements need ndt, be tecorgdplls This
procedure shall be repeated each time the lildenter i§ 155!12'3(1
A3.5.3.5 Using the gualify ng indentdr} FeHbéHe
verification ploumnm of AL53 for (h& id:ﬂ‘s.ﬁﬁd h’udnc«
levels that will be used for the indenter pcrigidance verifica-
tion. Tf any of (he error £ measurements or th& tability R

measurements {all outside of the specified (oferances, 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.

3.5.3.6 The following procedures for performance verifi-
cation involve making gualifying hardness tests on (st blocks
with a Class A or Reference indenter, then performing verifi-
cation Lests 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 A* 6 for the type of indenter to be verified.
Special singular or limited scule indenters (see A3 } shall
be certified for use on singular or limited scales using the test
blocks defined in Table A3.7. For example. if an HRA scale
only diamond indenter is desired, the two HRA scale test
blocks defined in the table would be used. Tf an indenter (o be

Copyight ASTH Intemational
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. Tolerance
1015 .
al Ranges of as Compared to
Required Test Glass A or
Blocks Reference Indenter
i by Ho~Hy
BELE mecting the 6110 65 HRA +08 HRA
4 mecting the 8110 84 HRA + 0.5 HRA
v(m nsurc (hay s =" HAD Scale 4110 46 HRD +0.8 HRD
N 7010 75 HRD + 0.5 HRD
08 HR1SN
05 HR1SN
he 4a0sSHRION = 0.8 HRAON
7,19 B3 HASON 0.5 HR30N

used in the 15N and 30N scales only is desired, then 4 test
blocks would be used, 2 in the 15N scale and 2 in the 30N scale
as defined in the table. Record cach (est result and the location
of the indentation. Let 7, be the average of the qualifying
MEasurements,

A3.3.3.8 Using the Class B indenter (0 be verified. perform
verification tests on the (est blocks previously tested with the
Class A or Reference indenter, One verification test shall be
made within 6 mm of each qualifying indent. Let 77, be the
average of the verifving measurements.

A3.3.39 The number of verifying tests that can be made
adjacent 1o cach qualifying test is limited by the requirements
to be within 6 mm of the qualifying indent while adhering to
the indent to indent spacing requirements given in 7.9. To make
additonal verifying tests, perform additional qualifying tests
with the Class A or Reference indenter. and repeat the above
veritving procedure. This process may be repeated until there
is no 1()nUer space on the test block.

3.5.3.10 For accepability. the diflerence between the
qualifying and verifying averages, 77,77, shall be within the
tolerances for Class B indenters of Tﬂbh} A3.6 or Table A3.7
for the singular or limited scale indenter being verified.
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A3.6 Class A Diamond Indenters

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

A3.6.1.1 The instrument(s) used to verily the geometrical
fearures shall be capable of measuring to the accuracies given
in Table A3.5.

A3.62 A Class A diamond indenter shall meer, li of rhe
manufacture and geomerric requirements for ALlav\‘ﬂ'
meond indenter given in A3.5.2 with the rollp\zm mW‘W
requirements. Sce alse Nole A3.1.

A3.6.2.1 The deviation from slmwhme,&s .\ﬂ‘me genkmrm
line of the diamond cone adjacent to the bi33d $8all not excetid
0.002 mm over a minimum length of 0.4¢ #dh.

A3.6.2.2 The angle between (he axis of (8¢ indenter andsthe
axis normal o the seating surface of the indent shi
exceed 0.

A3.6.3 Class A diamond mden(em
tolerances than Class B dmmoa
of cﬂch Class A mdcnlu shﬂ 0 he

A3.64 Pul‘ormmc\’.":'c 14
as described in A3.5 denter, except
that the qualitying mtam jd de using; a
Reference diamond indent$f x4 yach testt Pk from ‘t:d:,h
range defined in Table A3.83DEMNE l\pc of mdcnlu it de
verificd.

ements

the three qualifying measurer
verifying measurements, 4, id
specified for Class A dldmond mdeme[s in Tt\tv!t' A%y

TABLE A3.8 Test Blocks to be Used for Class A Diamond

Indenter and the Tolerance
on the Performance Relative to the Reference Indenter
Class A
Tolerance
Fanges of as Compared
Indenter Type neqwed Test to
Reference
Indenter
Ho—Hy
Regular Scales Diamond 80 10 83 HRA =03 HRA
22to 28 HRC + 0.4 HRC
42 t0 50 HRC + 0.4 HRC
60 t0 65 HRC + 03 HRC
Superficial Scales Diamond 881094 HR15N = 03 HR1SN
60 to 69 HR3ON 0.3 HRAON
42 t0 50 HR3ON + 0.4 HR45N
221029 HR45N + 0.4 HR4SN
Combination Regular and 2210 28 HRC + 0.4 HRC
Superficial Scales Diamond 60 t0 65 HRC + 03 HRC
881094 HRI5N + 03 HRISN
60 to 69 HR3ON + 0.3 HRION

A3.7 Reference Diamond Indenters

A3.7.1 Reference diamond indenters are intended for the
standardization of Class A diamond indenters. The reference
indenter shall have tighter performance tolerances than Class A
and Class B indenters and shall be verified for performance by
comparison to an indenter recognized as the national reference
indenter(s) of a national Rockwell hardness standardizing
laboratory (sce Note A3.4).

Note A3.4—In the United States,
slandardizing laboralory
Technology (NTST).

the national Rockwell hardness
is the National Tnstitule of Slandards and

A3.7.2 Geometric Reguiremenis of Reference Diamond In-
denter.

A3.7.2.1 Verification of the following geometric fearures of
a Reference diamond spheroconical indenter shall be made at
not less than eight approximately equally spaced full cross-
scetion profiles. For example, cight profiles would be spaced at
appgoximarely 22.5 degree intervals.

* 00 ABT3, A Reference diamond indenter shall meet all of the

Tdii&die and geometric requirements for a Class A dia-
mdid docdehier given in A3.6.2. See also Note A3.1.

hational Rockwell hardness standardizing laboratory, and
$hall mect the performance tolerances of Table A3.9.
A3.74.2 Perform the qudh‘t; g and verifying measure-
ments a$ fggeribed in A3S 2 @luss B indenter, except that
at least R, gualifying mcz&u;qﬁtnl: shall be made using a :
nationgl, éftfence indenter (¢4 °A3.7.1) on cach test block
from 48l t ined {2 Tdhlé A3.9 for the type of indenter
w© be

3 For ﬂ'czz':pmhilil}" the “difference of the average of &
the five qualifying measurements and the average of the five =
verifying measurements, 77,— 7. shall be within the tolerance
specified for Reference indenters in Table A3.9 for cach test
block used in the verification.

TABLE A3.9 Tesl Blocks to be Used Ior Reference Indenter
and th Tolerance on the
Performance Relative to a National Reference Indenter

Relerence
Indenter
Fanges of Tolerance as
Indenter Type equiad Tot Sompared,
Relerence
Indenter
FAo= Ay
Regular Scales Diamond 22 0 28 HRC + 08 HRC
62 to 65 HRC + 0.8 HRC
Superiicial Scales Diamond 88 to 94 HRTEN 0.3 HRISN
40 to 48 HR4EN + 0.8 HR4SN
Combination Regular and 20 t0 28 HRC + 0.8 HRC
Superiicial Scales Diamond 62 to 65 HRC + 0.8 HRC
88 to 94 HRTEN 0.3 HRISN
40 to 48 HR4EN + 0.3 HR4SN
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A3.8 Marking

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

A3.82 Diamond indenters should be marked to indicate the
es that they are certified to perform. For example. regular
e diamond indenters may be marked with a “C” and
su crficial scale diamond indenters may be marked with an
Combination indenters may be marked with both a ~C”
and an “N™.

A3.8.3 Single or limited scale indenters shall be marked o
indicate the scale(s) they are certified to perform. When it is not
practical to mark the scale on the indenter due to size
limitations. the scale shall be marked on the contaiper.

A3.9 Certificate

following in I'omnuon
A3.9.1.1 Reference to this ASTM tes
A3.9.1.2 Serial number of the indenter.
A 3.9.1.3 Datc of <l'ﬂ!dﬂ|d|/ﬂlmn

ments for the p'u’m,u ar Class of Rgck\sé batisingieets
A39.1.5 Accreditation agengy BeaMicalidd s030tds
A3.9.1.6 The scale(s) thag 3¢ Iddendd € $433i:0 0 per-
m.)}'li‘l?.ﬁéd ikt

form when certified for singﬁ :

following 1111()fmar1t\n.
A39.2.1 Reference lm}us kSI'M test g
6 &

@

EE-D

quirements for the particular Class of Rox
A3.93 Class B Diamond Indenters—)

indenter shall h: ihrari C

information:

243
one or m{s Phlls, with the”

A3.9.3.1 Reference 1o this ASTM (est method.

A3.9.3.2 Serial number of the indenter.

A3.9.3.3 Date of standardizarion.

A3.9.34 A statement declaring that the indenter meers all of
the geometrical and performance requirements for a Class B
indenter,

A3.9.3.5 Accreditation agency certification number,

A3.9.3.6 The scale(s) that the indenter is certified o per-
form when certified for singular or limited scales.

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

A3.94.1 Reference 1o this ASTM test method.

A3.9.4.2 Scrial number of the indenter.

A3.9.4.3 Daic of standardization.

A3.9.4.4 The results of all geomeltrical verifications.

A3.9.45 All qualifying and verifying performance mea-
surcments with the hardness levels of the test blocks used.

A3.9.4.6 The performance differences between the Refer-

engg § \lmddr{hzmg indenter and the verified Class A indenter

()r each test block used.

A statement declaring that the indenter meets all of
1 and performance requirements for a Class A

{ Accreditation agency certification number.
: 2.5 Reference Diamond Indenters—Each Reference dia-
mqmrmdemer shall have a calibration certificate or report with
e following information:
A3.9.5.1 Serial number of t
A3.9.52 Pate of standurd
A3.9.55 The results of afl.gepdfietrical verifications.
A3S8 < Serial number Of -r}le éference indenter.
A3, oD Al qumiymg' Lu; rifying performance mea-
surcmems witk g hardnes [ the (est blocks used.
A3.9.5.6 The performanct tnces between the refer-
ence indenter and the verified Reference indenter 4,—#, for
each test block used.

A4, STANDARDIZATION OF ROCKWELL HARDNESS TEST BLOCKS

Ad.1 Scope

A4 1.1 Anncx A4 specifics 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 Roclkwell superficial hard-
ness testing machines by way of daily verifications and indirect
verifications as described in Annex Al. The standardized test
blocks arc also to be used for the monitoring verifications of
Rockwell standardizing machines as deseribed in Annex A2,

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

Ad.2 Accreditation

A4.2.1 The agency conducting the standardizations of st
blocks shall be accredited to the requirements of ISO 17025 (or
an equivalent) by an accrediting body recognized by the
Tnierational Laboratory Accreditation Cooperation (ILAC) as
operating to the requirements of ISO/IEC 1701 1. The standard-
izing agency shall have a certificate/scope of accreditation
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stating the Rockwell hardness scales that arc covered by the
accreditation, and the standards to which the test block
standardizations are traceable.

Notr Ad.l—Accredilalion is a new requirement starting with this
edition of the standard.

A4.3 Manufacture

A4.3.1 The atrention of the manufacturer of test blocks is
drawn to the need to use material and a manufacturing process
which will give the nccessary homogencity, stability of
structure, and uniformity of surface hardness. For quality
control purposes, test blocks should be examined for homoge-
neily and uniformity of surface hardness in accordance with a
staristically acceptable sampling procedure.

A4.3.2 The test blocks, if of stecl. shall be dcmﬂ"gql
the end of the manufacturing process.

A4.3.3 To assurc that matcrial is not removegly r'rq_
surface after standardization. an identilying; plagk * shail t@
made on the test surface. The mark shall be sugl} fifat it can not
be removed by any method other than remodd .(Yt test block
matcrial.

|cqu|runun< ol' Table A4.1.

Ad.4: General Requirements

national standards where a s
as noted otherwise.

traccable to national Rockwell standards (sec Note A-L“) The
Rockwell standard to which the test blocks arc traccable shall
be stated in the certification.

Note A42—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
‘Technology {NIST), Gaithersburg, ML> 20899,

Note A4 3—Primary standardized test blocks are available as Standard
Reference Material from NIST. Gaithersburg, MD 20899.

TABLE A4.1 Physical Requirements of Standardized Test Blocks
Tolerance

=6.0 mm (0.236 in.)

=16.0 mm (0.630 in.)

=2600 mm? (4 in 2}

=0.005 mm {0.0002 in.)

Test Block Parameter

Thickness

Test surface area

Deviation from surface flatness
(test & bottor)

Deviation from surface parallelism
(test & bottor)

Mean surface roughness

(test & bottom)

00002 mrm per mm
{0.0002 in. per in.}

= 0.003 mm {12 in.)
conter line average

indenters and Class A or Reference
see Note 3) shall

5.2 Class A ball
diamond indenters as described in Annex A3
be used for the standardization of test blocks

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

A4.53.1 Make at least five measurements distributed uni-
formly over the test surface.

A4.54 Determine the nonuniformity range Hy of the mea-
Surements as:

He=1,,.- 1 (A4.1)

where:
H,

highest hardness value, and
lowcst hardness value.

A4.54.1 The nonuniformity range Hy of the standardizing

4 s provides an indication of the non-uniformity of
the tesdohlock hardness. For acceptabil ily the nonuniformity
ma oH,\. hall be within the tolerances of Table A4.2
Ihé $tandardized value of the rest block is defined as
2 standardization measurements 77.

3 80me cascs, a more accurae standardized value
Block may be obtained by correcting the measured
dness value by a performance offset value for the
ng machine. The offset value may be based on the
cvvr-r Values measured duri ing the last indircet verification of
he standardizing machine. For example, an appropriate offsct
correction ¢uryps for each stand2Mitzipg machine may be
calculated fof i%pecific RockwdIf $¢al¢ by fitting a lincar linc
(o the crror 3168 measured diriig dbe indircet verification.

TABLE A4.2 for
Test Blocks
Max
Nonuniformity
Nominal Hardness of Range.
Standardized Test Block He
(HR
units)
HRA =20 and <80 1.0
05
HRBW 15
1.0
HRC 1.0
05
HRD 1.0
=60 and <87 05
HREW, HRFW, HRGW, HRHW, 1.0
HRKW, HRLW, HRMW, HRPW,
HRRW, HRSW, HRYW
HRI15N =69 and <90 1.0
90 and <57 07
HR3ON 41 and <77 1.0
77 and <62 07
HR4SN =19 and <66 1.0
=66 and <87 07
HR15TW, HR3OTW, HR45TW 1.0
HR1SWW, HRIOWW, HRASWW, 1.0

HR15XW, HR30XW, HRASXW,
HRI5YW, HR30YW, HR45YW

Copyriht ASTH Intemational
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The laboratory should be cautioned that the validity of calcu-
lating a correction curve in this way is dependent on the
linearity of the fit of the offser data across the entire scale.

A4.6 Marking

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

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

A4.6.2.1 The standardized hardness value. 7. of the test
hlock, rounded t© no less than one decimal place * cordance
with Practice E29. for cxample 61.4 HRC. ™

A4.6.2.2 The appropriate tolerance value f¢
in Table AL.3. 1

A4.62.3 Name or identifying mark of 2ty
agency. :

A4.624 A mark identtying the res
obliterated if the surface is reground.

A4.6.2.5 Unique scrial number,

A4.6.2.6 Year of standardization. [t
of standardization be incorporated inf
block.

Nors | —Fary
the minimum VAlus &

Ad4.7 Certificate

A4.7.1 Each standardized test block shall be supplicd with a
certificate from the standardizing laboratory stating the follow-
ing standardization information:

A4.7.1.1 Serial number of the test block.

A4.7.1.2 The standardized hardness value, 77, of the test
block with the scale designation, rounded to no less than one
decimal place in accordance with Practice E29, for example
614 HRC.

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

A4.7.1.4 The individual standardizing hardness measure-
ments.

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

wevery.

«4327.1.6 The body that maintains the Rockwell scale to

< whid s test block is traceable. For example, the national

013G scale maintained at NTST.
197 Date of standardization.

any sven thickness, the indicated Rockwell hardness is
eptable for testing. For a given hardness, material

of any greater thitkiess than that corresponding to that hardness can be

tested on the indicated scale.

Rockwell Scale

Minimum Thickness

A c

n o Hardness Approximate Hardness
Peading  Hardness C-Seale®  Reading

0014 036 .

0016 0.41 8 69

0018 0.4 84 65

0020 0.51 82 615

0022 0.56 79 56 69

0.024 0.861 78 50 87

0.028 0.66 ral “ 85

0.028 0.71 67 32 82

0.030 0.76 60 19 57

0.032 0.81 52

0084 086 45

0036 091 a7

0088 0.96 28

0.040 1.02 20

4 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 1o another scale, refer to Hardness Conversion Tables E140 (Relation-
ship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell
Superficial Hardness, and Knoop Hardness).

Copyight ASTM Internatonal
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TABLE A5.2 A Minimum Thickness Guide for Selection of Scales
Using the 116 in. (1.588 mm) Diameter Ball Indenter
(see Fig. A5.2)

Notr I—For any given thickness, the indicated Rockwell hardness is
the minimum value aceeptable for Lesting. For a given hardness, malcrial
of any grealer thickness than that corresponding to that hardness can be
tested on the indicated scale.

Rockwell Scale
F B

+ ¢ Herdness Approximate Hardness
ging  Hardness B-Scale*  Reading

Minimum Thicknashs »

e g a suiteble scale
Tdness conveious 31 necessary 1o convert test

dmgs-\ §1%edle refer to Hardness §y@r4i6n Tables E 140 (Relationship
b4 ketwe %w?mmness vickers Hardoss eRockwell Hardness, Rockwel
. smarmmﬁ@w and Knoop Hardnest

!e; (see Fig. A5.1)

Nots |—For any given thickness, the indicated) & el habd the minimu
greater thickness than that corresponding to thatifabdngss cah ¢ J&ted on the indicgd scaldly, ,
Rockwell Superficial Scale

30N 45N

D #dhg.Bar a given hardness, material of any

Minimum Thickness

Hardness TLAnproxiniate Hardness ‘Approximate Hardness Approximate

n mm Reading s Reading Hardness Reading

CBeale” C-Scalet C-Soale*

0.008 015 92 85
0.008 0.20 90 80
0.010 0.25 88 55
0.012 030 8 45 82 65 7 695
0.014 036 7 %2 85 61 74 67
0,016 041 68 18 74 56 72 65
0,018 046 . 66 47 68 61
0,020 051 . 57 a7 63 57
0.022 056 47 26 58 525
0.024 081 51 47
0.0268 0.86 37 35
0.028 on 20 205

0,030 0.76 . .
4 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. Fockwell Superficial
Hardness and Knoop Hardness).

Copyight AST Internatonal 2%
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TABLE A5.4 A Minimum Thickness Guide for Selection of Scales Using the 1/16 in. (1.588 mm) Diameter Ball Indenter {see Fig. A5.2)

Non 1—Tor any given thickness, the indicated Rockwell hardness is the minimum value acceplable for testing. For a given hardness, material of any
greater thickness than that corresponding Lo thal hardness can be tested on Lhe indicaled scale.

Minimum Thickness

Rockwell Superficial Scale

15T 30T 45T
Hardness Approximate Hardness Approximate Hardness Approximate
in mm Reating jardness Peading Hardness Reating Hardness
B-Scale® B-Scale” B-Scale®

0010 0.25 91 £
0012 0.30 £ 78
0014 0.36 81 62 80 96
0018 0.41 75 44 72 84 71 98
0018 048 &8 24 84 7 62 90
0020 051 . 55 58 53 80
0022 056 45 43 a3 70
0024 081 34 28 31 58
0026 088 18 a5
0028 or 4 a2
0.030 076

“These approximate hardness numbers are for use in

e, and should not be used as hardness conversions. If necessary to convert test readings

toanother scale referto Hardness Conversion Tables agq@;\amnsmp Beipn Brinel Hardness, Vickers Hardness, Rockwell Hatdness, Rockoell Superfilal Hardness

and Knoop Hardness)

Copyight AST Internatonal
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Thickness (mm)

0.6 0.8 1.0
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25
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5 10 15 20 25 30 35 40
Thickness (mils)
Note |—Loeate a point 1o the thickness-hard 10 be tested. Only scales falling to the left of this point may be used to

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

0.2 0.4 0.6 0.8 1.0
100 T T T

~
3

Rockwell B Hardness
EY
3

50

Thickness (mils)
ss-hard 10 be tested. Only scales falling to the left of this point may be used to

Note |—Locate a point 1o the thick

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

Copyright ASTH Intemational
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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 “ain. % in. Vein % in Zain ain. 1in. 1% in. 172 in
Reading (6.4 mm) (10 mm} 13 mm) (16 mm) 19 mm) (22 mm) (25 mm} (@2 mm} (38 mm)
Corrections to be Added to Rockwell G, A and D Values?
20 60 45 20 15 15 10 10
25 55 40 20 15 1.0 10 10
30 50 35 15 15 1.0 10 05
35 490 30 15 10 10 05 s
40 35 25 10 10 10 05 s
45 30 20 10 10 05 05 s
50 25 20 10 05 05 05 s
55 20 15 05 05 05 05 o
60 15 10 05 05 05 0 o
65 15 10 05 05 05 0 o
70 10 10 05 05 05 0 o
75 10 05 05 05 0 0 o
80 05 05 05 o o aQ o
85 05 05 o o o aQ o
90 05 Q o . o o Q o

“When testing cylindrical specimens. the accuracy of the toswwill be seriously affecteck bysallgrumens of elevating screw. V-anvil, indenters. surface finish. and the
straightness of the cylinder. . M
These carrections are approximate only and represent the averages

TABLE A6.2 Corrections to be Added 18 Roskwsll B; 6, *Canvex Cylindrical Surfaces of Various Diameters®

Lseses  ssssesseeDiameters of Convex Eylmdncal Suraces

Hardness v in i#in. v2 in F; % in. Tain. 1in
Reading (6.4 mm) y (19 mm) (25 mm)
0 125 30
10 120 * 30
20 1.0 30
30 10.0 25
40 9.0 25
50 80 20
60 70 20
70 60 15
80 50 15
90 20 10
10 a5 05
“When teSting cylindrical specimens. the accuracy of the test Wi feusly affected by alignment of elevating sorew. V-anvil. indenters. surface finish. and the
straightness of the cylinder. N

2 These cdrrections are approximate only and represent the averages tothe nearest 0.5 Rockwell number, of numerous actual observations,

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 Vain. Vain. Fain. Yz in. Fain. 1in.
Reading @.2 mm) (©.4 mm) (10 mrm) (18 mrm) (19 mm) (@5 mm)
Corrections to be Added 1o Rockwell Superficial 16N, 30N, and 45N Values®

20 60 30 20 15 15 15
25 55 30 20 15 15 1.0
30 55 30 20 15 10 10
35 50 25 20 15 10 10
40 45 25 15 15 10 10
45 4.0 20 15 10 10 10
50 35 20 15 10 10 05
55 a5 20 15 1.0 05 05
60 30 15 1.0 1.0 05 05
65 25 15 1.0 05 05 05
70 20 1.0 1.0 05 05 05
75 15 10 05 05 05 o
80 10 05 05 05 o o
85 05 05 05 05 o o
90 o o o o o o

AWhen testing cylindical specimens the aceuracy of the test wil be seriously affected by alignment of elevating serew, 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 Fockwell superficial number, of numerous actual observations.

Copyight AST Internatonal 30
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TABLE A6.4 Corrections to be Added to Rockwell Superficial 15T, 30T, and 45T Values Obtained on Convex Cylindrical Surfaces of
Various Diameter:

Diameters of Convex Cyhndnca\ Surfaces

Hardness Yain Vain. ¥ in. Ve in Fa in. Fain. 11
Reading 32 mm) (6.4 mm) 10 mm) (13 mm) (16 mm} (19 mm) (25 mm;
Gorrections to be Added to Rockwell Superficial 15T, 30T. and 45T Values®

20 180 90 60 45 45 30 20
30 115 75 50 a5 35 25 20
40 100 85 45 35 30 25 20
50 85 55 40 30 25 20 15
80 65 45 30 25 20 15 15
70 50 35 25 20 15 1.0 10
80 30 20 15 15 10 1.0 05
90 15 1.0 1.0 05 05 05 05

“When testing cyiindical specirens, the acouraoy of the test wik pe serously affected by alignment of slevating screw, V-anl ndeners. surace finsh. and the

straightness of the cylinder.
&These corrections are approximate only and represent the avi

X1.

X1.1 The following ASTM
Rockwel.l 1mrdness or R()Lkwel

X2.1 Scope

X2.1.I The iment of this appendix |<.m providé ﬂ.bﬁﬁc
approach 1o cvaluating the uncertainty olfi wall havdicss
measurement values in order t© simplify undvumbv !l)b‘ inter-
pretation of uncertainty by users of R()Lkvveh:lgqmﬂ

X2.1.2 This appendix ploudu hasic pIOCCduEk.S,
mining the uncertainty o
X2.1.2.1 The Hardness Machine “Error” Determined as
Part of an Indirect Verification (sce X2.6)—As part of an
indircet verification, a number of Rockwell hardness measure-
ments are made on a reference test block. The average of the
measurement values is compared (o the certified value of the
reference block o determine the “orror” (see 3.2.2) of the
hardness machine. The procedure described in section X2.6
provides a method for determining the uncertainty in this
meuasurement “error” of the hardness machine. The uncertainry
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
uncertainry 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
(sce X2.8) —The procedure provides a method for determining
the uncertainty in the certified value of standardized test

r deter-
{ the following values of hardness:

Copyriht ASTH Intemational
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ieamons B1Y, B36/B36M, BI6/BY6M, BLOI/BLOIM,
Bi2IM. BI22/B122M. B130. B134/BI34M. B152/

ERTAINTY

blocks, Thp*standardizing aggy&® may report the uncertainty
value '8 Jie fest block cdrlitigyd,

Nor, 33,1 —Whanecaleulated. Sifainty values reported by a ficld
calibrilion agency (588 X2.0) arc (@B hrasurement uncertaintics of the
hardness machine in operation. but only that of the measurements made al
the Lime of verification to determine machine “error.”

No: X2.2—The procedures outlined in this appendix for Lhe delermi-
nation of uncertaintics arc based primarily on measurcments mad
of the an
is done Lo provide a method thal is based on familia
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

Nomr: X2.3—This slandard slales lolerances or limits on the acceplable
repealabilily and error of a Rockwell hardness machine (Table AT.3) and
the nonuniformity of standardized blocks (Table Ad.2). These limit values
were originally established based on Lhe lesling experience of many uscrs
of the Rockwell hardness tesl, and therefore reflect the normal perfor-
mance of a properly functioning Rockwell hardness machine, including
the normal errors associated with Lhe measurement procedure and Lhe
machine’s performance. Because Lhe limits are based on tesling
experience, it is belicved Lhal the stated limit values take inlo account a
level of uncertainty that is typical for valid Rockwell hardness measure-
menls. Co when determining wilh Table A 1.3 and
‘lable 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 tabl

X2.4—Most product specification Lolerances Tor Rockwell hard-
ablished based on losling and performance experience. The
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lerance values reflect the normal performance of a proper
Rockwell hardness machin

quently, when
acceptance testing most pmdlu,ls for Rockwell hardness, the user's
measurement uneertainty should not be subtracted from the toleranee limit
values given in the specification. The measured hardness values should be
directly compared o the tolerances. There may be exceptional eircum-
stances where the hardness of a produer must fall wirhin determined
ranges to a high level of confidence. In these rare occasions. special
agreement between the parties involved should be obrained 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 produet variation as well as typieal industry
hardness uncertainty vaucs.

X2.1.3 This appendix does not address una
primary reference standardizing level,

X2.2 Equations

2.2.1 The average (AVG), H,
measurements Hy. H,, ... H, is calculddd as:

menss Hy. Hy, ... Hy

2.2.3 The absolute valﬂé ‘(ABS) of,
nitude of the value irrespective of the §
ABS(0.12) = 0.1

and
ABS(—0.12) = 0.12

X2.3 General Requirements

X2.3.1 The approach tor determining uncertainty presented
in this appendix considers only those uncertainties associated
with the overall measurement performance of the Rockwell
hardness machine with respect o reference standards. These
performance uncertainties reflect the combined effect of the
scparate uncertaintics associated with the numerous individual
components of the machine, such as the force application
system and indentation depth measuring system. Therefore, the
uncertainties assoclated with the individual components of the
machine arc 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 successtully
passing a dircet 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.
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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 hicrarchy level of the reference test blocks
normally used for the indircet verification. Generally. standard-
izing machines are verified using primary reference standards.
and testing machines are standardized using sccondary refer-
cnce standards.

X234 To estimate the overall uncertainty of Rockwell
hardness measurement values, contributing components of
uncertainty must be determined. Because many of the uncer-
(aintics 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. Tn many cascs, a single uncertainty value may be
applicd (o a range of hardness levels based on the laboratory’s
experience and knowledge of the operation of the hardness
machine.

5 Uncertainty should be determined with respect to a
s hwhcsl Icvcl of |cfcru1cc standard or th muonm

General Procedure
4.1 This procedure calculates a combined standard un-

by combining the contributing components of
such that:

uncertainty #,. i, .

1X2.3)

-4.2: Measurcment unegmainty is usually expressed as
expidey, uncertainty I sgitiely is calculated by multiplying the
combjged $fandard untera@yy «. by a numerical coverage
facrof k. suct, §fy:

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 uscd. This
coverage factor provides a confidence level of approximately
95 %.

X2.4.4 The measurement bias B of the hardness maching is
the difference between the expeeted hardness measurcment
values as displayed by the hardness machine and the “true™
hardness of a material. Tdeally, measurement biases should be
corrected. When (est systems are not correeted for measure-
ment bi; s often oceurs 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, cach of which has
both advantages and disadvantages. A simple and conservative
method is to combine the bias with the calculation of the
cxpanded 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 (o evaluate
and cxpress measurement uncertainty, a briel 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 measurcment and
provides procedurcs and formulas for calculating the total
uncertainry in the hardness value. 1n later sections, it will be
shown how these sources of uncertainty contribute to the rotal
measurement uncertainty for the three measurement circum-
stances described in X2.1.2.

.5.2 The sources of uncertainty to be discy E6§/) the
hardness machine’s lack of repearability; s 62 whes ppn-
uniformity in hardness of the material wigrs Jest.e 3% 3he
hardness machine’s lack of reproducibilic ¥¥3 he r&$33¢on
of the hardness machine’s measurementsdiddlhy, and (313be
uncertainty in the certified value of the ifdrence test block
standards. An cstimation of (he measusement bias and its
inclusion into the expanded uncertainty v»:lll also be disenssed.

X2.5.3 Uncertainty Due to Lack of Repedibtivs sia
and when Combined with Nog-jgiotmiy 1 6ad wdes
repeatability of a hardness 3¢HibE is 42 LIBELLLL OF how
well it can continually prodmclm sadbefddddt value cach
time a measurement is madis khids
is perfectly uniform in
imagine that hardne

20 vt ime without
varying the (esting conegy neludings ghy gguﬂm) F;cn
though the actual ha[dne\ '(zt*t;wm Jest locamgis exacyy she

same, it would be found th&t" duc to yanddrd crrgls? Pach
measurement value would differ from al} Ivher meadifdbknt
values (assuming  sufficient measurbiichls s230G2%n).
Therefore. lack of repeatability prevents the dkFdades &

ine
from being able to always measure the ngﬂﬂardﬂzg{ of the
material, and hence contributes to the unce i
measurement.

X2.5.3.1 The contribution thar a hardness machine’s lack of
repeatability makes (o the overall measurement uncertainty is
determined differently depending on whether a single measure-
ment value or an average of multiple measurements is o be
reported. Additionally, in cases where the reported average
measurement value is intended to be an cstimate of the average
hardness of the material tested, the uncertainty contributions
duc (0 the machine’s lack of repeatability and the non-
uniformity in the hardness of the test material are difficult to
scparate and must be determined together. The uncertainty
contributions for each of these circumstances may be estimated
as follows.

X2.5.3.2 Singte Hardness Measurement—Yor a future
single hardness measurement, the standard uncertainty contri-
bUtion Hpgpeq 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:

STORV(II, M. ..., 1) (X2.6)

H e
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where Hy, H,, ..., H, arc the n hardness valucs. Tn 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 CSUMAIC OF #yp,; however, the caution given in
Note X2.6 should be considered. It may be more appropriate
for the user o determing a value of #ggpe,, by making hardness
measurements close together (within spacing limitations) on a
test block.

same. value. The uncert@inty e is the contribution (o the overall
uncertainty of a hardness measurement value duc 1o a machine’s lack of

while the defined is the range of
hardness values measured during an indircel verification.

Nom X2.6—All malerials exhibit some degree of hardness non-
uniformily across the test surface. Therefore, the above evalualion of Lhe
uncerlainly contribution duc Lo the fack of repeatability will also include
paibution due 1o the hardness non-uniformit
When cvaluating repeatability as discussed above, any uncer-

+ Gl Eddribution due to the hardness non-uniformity should be mini-

34 3¢ hhdras possible. The laboralory should be cautioned thal if the
measaremenls of repeatability arc based on Lests made across the surface

® of thes matemal. then the repeatabiliry value will likely include a significant

une§iddidtg Connibution due to the material’s non-uniformity. A machine’s
1edalabylity is better evaluated by making hardness measurements close

2wgethor (within spacing limitations).

23533 Average of Multiple Measurements—When the
verage of multiple hardness test values is (o be reported, the
standard uncertainty contribution up—, duc to the lack of
iltysof L:h-ine may be estimated by
e, 4t Y *contribution HRepear (PTEV-
ous| ),’_L,’d(lﬂ"llLd from a num‘tpr of hardness measurements
made % A pnitorm test $IMPJe see X2.5.3.1) by the square-
root of ¥he nbitiher of hardnds$ st values being averaged, as:

(X2.7)

Hrepear

WhEre Hg,,,. 18 calculated by Bq X2.6 and 7. is the number
of individual hardness test values being averaged.

X2.534 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 cxample, this may be done when
making quality control measurements during the manufacrure
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-unitormity also contributes to the uncertainty in
this estimate of the average hardness of the material. When the
average of multiple hardness measurement values is caloulated
as an estimate of the average material or product hardness, it
may be desired 1o stale the uncertainty in this value with
respeet 1o the true hardness of the material, Tn this casc, the
combined uncertainty contributions due to the lack of repear-
ability in the hardness machine and the non-uniformity in the
(est material may be estimated from the “standard deviation of
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the mean”™ of the hardness measurement values. This s
calculared as the standard deviation of the hardness value:
divided by the square-root of the number of measurements as:

STDE )

(X2.8)

where Hyy, Hry. ...

X2.5.4 Uncertainty Due fo Lack of Repmdm‘ibi]ilv
(IIR,,,,,,d)fThL day-to-day variation in the performance of the
hardng

Hy, are the ny measurement values.

ess machine is known as its level of reproducibility.
Variations such as ditferent machine operators and changes in
the test environment often influence the performance of the
hardness machine. The level of reproducibility is best deter-
mined by monitoring the performance of the hardness machine

maching is subjceted to the extremes of varigdgngimthe testing
variables. Tt is very important that thg 14§t gy, be in
control during the assessment of reprody¢ 4218 3¢ fachine
is in need of maintenance or is operarediididdfrectt 3¢ luck of
reproducibility will be over c<limau‘21. H AR

X255 An assessment of a hﬂldv}(ﬁ% maching s lack «
reprnduubxlm should be hdsed on pen(xhc monif fi

measurements made on th same lc
umcrlmnlv conlnhulmn may- tc-um

s s 1dup|» gvglp"u of cach o
7 sets of multiple, pppftpting measufgrmggs values. H
Nomn X2.7—TY¢ m;ﬁdqnu contrif Ui fluc Lo the lack of
X2.10, a contribution due
ity ande thcamon- unifornsidy of the
moniloring Lest block; hb$S conlrigligns are on the
average of multiple measuthitits and \jmu\d'vgvt sy over
estimale the reproducibility uncertainy.
X2.5.6 Uncertainty Due to the R
Measurement Display (Uge,)—The;
hardness: value display prevents the hﬂrd’x
providing an absolutcly accurate hﬂrdncn:»
influence of the dis
rainty is display
resolution is no better than 0.5 Rockwell hardness units, such
as for some dial displays. The uncertainty contribution fg,, ..
due to the influence of the display resolution, may be described
by a rectangular distribution and estimated as:

1o the machine’s lack <F o

¢hé Hardness
%@ﬁnn of the
machine from
Howcever, the

2 ,
Vi Vi
where 1 is the resolution limit that a hardness value can be

estimated from the measurcment display in Rockwell hardness
unirs.

 pe (X2.10)

X2.5.7 Standard Uncertainty in the Certified Average Hard-
ness Value of the Reference Test Block (upespy)—Reference (est
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 statc to which Rockwell standard the

Copyight ASTM Internatonal
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reference (est block value is traccable. This uncertainty con-
tributes to the measurement uncertainty of hardness machines
calibrared 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 vualue due to the
uncertainty in the certified value of the reference test block
usually may be calculated as:

Uneon

g = F X211

Rt

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

X2.5.8 Measurement Bias (B)—The measurcment bias is
rhe difference between the hardness measurement values as
yed by the hardness machine and the “true” hardness of
al. The measurement bias B may be cstimated by the
1" determined as part of the indirect verification as:

-7

b

B= (X2.12)

ﬂq’crc T is the mean hardness value as measured by the

ess machine during the indirect verification, and Hy,, gai 1S
.rﬁe certified average hardness value of the reference test block
sstandard used for the indireet verification.

X2.6 Procedure for Calculating Uncertainty: Indireet
Verification

X261 As part of di I hrscl verification, the “error” of the
ha (;mnss machine is d&igkmined from the average value of
he: urunan madgy on ference test block (see 3.2.2). This
vigue pmq(jes an indicatipprof how well the hardness machine
“Can measure the “true? $arditgss of a material. Since there is
always uncertainty in a hardness measurcment. 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 scction provides a procedure that can be
used, for example by a ficld calibration agency. (o estimate the
uncertainty Ly, in the measurement “etror”™ of the hardness
machine determined as the ditference berween the average of
the measurement values and the certified value of the reference
block used for the verification.

X2.6.2 The contributions (o the standard uncertainty of the
mMeasurement “erron,” My m ¢ (1) Mg v (Ref. Block), the
uncertainty due to the lack of repeatability of the hardness
machine combined with the uncertainty due t©o the non-
uniformity in the reference test block (Bq 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) up,,, the uncerrainty due to the resolution of the
hardness machine measurement display (Eq X2.11), and (3)
Hpenye the standard uncertainty in the certified value of the
reference test block (Eq X2.12). The notation (Ref. Block) is
added 10 the term ige,e o (0 clarily 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 standurd uncertainty uyy,., and the
expanded uncertainty Uy, are calculated by combining the
appropriatc uncertainty components described above for cach
hardness level of cach Rockwell scale as:

s = Vo e (RS, Block) 22, ¥ 2 (X213

and
Ut = Rhpgecn X214
X2.6.4 For this analysis. a coverage factor of k.= 2 should

be used. This coverage factor provides a conhdmu‘ level of
approximately 95 %.

Nomr X2.8—The uny

rlainly conlribulion yy,,,, \,qu;g&:lc m:l’iq

X214 does not include a contribution duc to the i Bt "

reproducibility. This is because i1 is assumed thal whe andarc

is madc while the hardness machine is operatiggs 3813 optima? nwrw—
mance level with the best possible environment $pgdiions. > 2!

Notk X2.9—The expanded uncerrainty Uy,

than the value of the hardness machine “error”

X2.6.5 Reporting the Measurement Uncertginggadl
panded uncertainty Uy, may be reportey
agency o its customer as an indigayign of mc
hardness machine “error” rgfdded”
verification of lhe R()Lkweu mldlfe'

ah3@tifd s The value of

what Rockwell scale al
applicable, with an explafatory
expanded uncertaint; t)i-rﬁe lmidne SYuk:
as part of the indircctew
scale(s) and hardness Loy
hardness refe standards
(for cxample, NIST) and was C'HL.UHLCQ m accordapg Mith
Appendix X2 of ASTM BIS with a cpyddpe, ;gua.' b2
representing a contidence level of approsil

g

X2.6.6 The standard uncertainty value iype,
an uncertainty contribution when determining the Riefisurement
uncertainty of future measurcments made with the hardness
machine (sce X2.7 and X2.8).

X2.6.7 Example X2.1— As part ol an indirect verification of
4 Rockwell hardness machine, a verification agency needs to
report an estimate of the uncertainty of the hardness machine
“error.” For this example, an cvaluation will only be made for
meusurements 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
uncertainry of Upgpp = 045 HRC. The five verification
measurements values are: 254, 25.3. 255, 25.3. and 25.7
HRC, resulting in an average valuc of 2544 HRC, a repeal-
ability (range) value of 0.4 HRC and an “error” of —-0.26 HRC.
Therefore:

STDEV(25.4, 25.3, 25 25.7)

g e (Ref. Block) =

O ity sis (Ref. Block) = 0075 IIRC
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391 fommonly be kuger

ulh'.’l'ﬂdlh'{ﬁ!l dlemz o

= 0.029 HRC, and

45
gy = — = 0225 1IRC
Thus.

+0.029°+0.22
(2 x0.239)

239 TIRC. and
AR HRC

Mach

Theretore, the uncertainty in the —0.26 HRC “error” in the
hardness machine is 0.48 HRC. Although this cvaluation 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.

Nore 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

JEIPE stated.

2 Prbwedure for Calculating Uncertainty: Rockwell

Sl&ilicss Measurcment Valucs

Xz.'?:t'l'hc uncertainty Uy, in a hardness value measured
'li $ ‘may be thought of as an indication of how well the

d value agrees with the “true” value of the hardness of

.X2.7.2 Singlu Measurement Value—When measurement un-

" certainty for a single hardness measurement value is (o be

duummcd, she contri 1bul|0ns e bhc standard uncertainty fy,,.,
ve © the machine’s lack of

sty . the uncertainty contribu-
tion ¢lpg ;q Lhc hck of wpuquml;mnv (Bg X210, (3) tpppan the
uncertajjty gye to the Yesl§ydn of the hardness machine
measurtment WMoy (Bg XGELL, and (4) uyy,,. the uncer-
tainty in determining the “&rf6r” 6l the hardness machine (Eq
X2.14). The combined standard uncertainty #,y,,,, is caleulated
by combining the appropriate uncertainty components de-
scribed above for the applicable hardness level and Rockwell
scale as:

= Vi geart Gt W s (X215)

X2.7.3 Average Measurement Value—Tn (he casce 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 taze,s are (/) Ugepeq—s the uncertainty duc
(0 the machine’s lack of repeatability based on the average of
multiple measurements (Eq X2.8), (2) tg,0q. the uncertainty
contribution due w the lack of reproducibility (Eq X2.10), (3)
Upesar ~ the uncertainty duc (o the resolution of the hardness
machine measurement display (Eq X2.11), and (4) #,4,4- the
uncertainty in determining the “error” of the hardness machine
(Eq X2.14). The combined standard uncertainty iy, is
calculated by combining the appropriatc uncertainty L,Oﬂ\po—
nents deseribed above for the applicable hardness level and
Rockwell scale as:

(X2.16)

Higeas =
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X2.74 The measurement uncertainty discussed above for
the single and average hardness values only represents the
uncertainties of the measurement process and are independent
ol any (est material non-uniformity,

X2.7.5 Average Measwrement Value as an Estimate of the
Average Material Hardness—Mcasurement laboratorics and
manufacturing facilitics ofien measure the Rockwell hardness

of a test sample or product for the purpose of estimating the
average hardness of the test marerial. Usually, multiple hard-
ness measurements are made across the surface of the test

desired to report the uncertainty as an indication of how well
the average measurement value represents the lru‘q' s
hardness of the material, then the contributions to fher:
UNCETAinty tyz,,, are (1) g, p £ A i preermigtys.
duc to the machine’s lack of |cpcmﬂh|hlv comphpgiswthidps:
uncertainty duc (o the material’s non-uniforhy s @Fq X:,n,‘
which is determined from the hardness measf$§hts made b3
the test material, (2) Hgyp,oq the uncertainty cdidbution due to ™'
the lack of reproducibility (Eq X2.10), (3) dtggsan the uncer-

dere[mmmg the “error”
The nogation (Maierial ) is added 19 xhc\y M i,

thar the uncertainty is delermmep}&pnmegmmhmﬂd& nn
the mgrerial under test. The (hYided ;3344 sdncerrainty
Hazeqs 15 calculated by combjdibdithe 4ptopdddedncertainty
components described abo r'&wm applicafld Fuldness level
and Rockwell scale as: R

=V

X2.7.6 When reporting un er
well the average measurement value represepys thestrug iyges

2 (Momm R ot RS, (X2.1T)%

uncertainty as an indication of how well the average measure-
ment value represents the true average hardness of the material,
then the value of Uy, should be supplemented with an
explanatory statement such as, “The expanded uncertainty of
the reported average hardness of (the material under test is
based on uncertainty contributions from the measurement
process and from the hardness non-uniformity of the material.
The uncertainty is with respect to Rockwell hardness reference
standards maintained at |for example,
NIST]. and was calculated in accordance with Appendix X2 of
ASTM EI8 with a coverage factor of 2 representing a
confidence level of approximately 95 %.” If the test report docs
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 briel
explanation of how (he uncertainty was calculated.

X2.7.8.3 Example X2.2— For this example, a4 company tests
its product by making six Rockwell hardness measurements
across its surface as an cstimate of the product hardness. The
hardne: S machinc has a dial display (hat is judged 0 have a

e

Jesdgeg it gu; mcm«\ valuc of 31.92 H‘R(‘ The testing facility

Mquld *13Ke 1 Hetermine the measurement uncertainty in the

Uveragg Mddess value. A hardness of 31.92 HRC is closest to
e

the 1§% &hke of the HRC scale (sce Table Al3). The last
mdﬁu.l Adfification of the low range of the HRC scale reported
20.8 HRC and an “error” of 0.3 HRC. Therefore:

STDEV(33, 31.5, 315,

Uyepse s (Material) =

Ve
900 IIRC

s e (Mum;y[j

For this ¢danple, assume & Hakdness machine has been
monitoréd ¥4 an extended petidd ¥ time. and from Eq X2.10,
it was detesindd hat 4z, A.HRC for the low range of

age hardness of the malerial. it is importang 3¢ assurgsthgg 5*
sufficient number of measurements are made 3 ¢ dde
test locations to provide an appropriate {49333¢ 'tm Ay
variations in the hardness of the material. 3

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

U = bty +ABS(B) (X2.18)

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

X2.7.8 Reporfing Measurement Uncertainiy:

X2.7.8.1 Single and Average Measuremen! Values—When
the reported measurement value is for a single hardness test or
the average of multiple hardness tests, then the value of Uy,
should be supplemented with an explanatory statement such as,
“The expanded measurement uncertainty of the reported hard-
ness value (or average hardness value) is with respect to
Rockwell hardness reference standards maintained at
[for example, NIST]., and was calculated in accor-
dance with Appendix X2 of ASTM EI8 with a coverage factor
of 2 representing a confidence level of approximately 95 %.”

X2.7.8.2 Average Measurement Value as an Estimate of the
Average Maferial Hardness—When it is desired (o report the

Copyight AST Internatonal
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the HREstale. Othes nnccrmmma ibutions are calculated
as:

0.5
e = — = 0.144 HRC and
2

&
= 0.4 HRC, therefore

561 HRC

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

Hoteas

X2.8 Procedure for Caleulating Uncertainty: Certified
Valuc of Standardized Test Blocks

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

X2.8.2 Test blocks arc certified as having an average
hardness value based on calibration measurements made across
the surface of the test block. This analysis is essentially
identical (o the analysis given in 5.3.1 for measuring the
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average hardness of a product. Tn this case, the product is a
calibrated reference test block. The contributions t© the stan-
dard uncertainty ., of the certified average value of the test
block arc (/) pepe nes (Calib. Block), the uncertainty due (o the
standardizing machine’s lack of repcatability combined with
the uncertainty due to the calibrated block’s non-uniformiry
(Eq X2.9). which is determined from the calibration measure-
ments made on the st block. (2) ug,,.e the uncertainty
contribution due to the lack of reproducibility (Eq X2.10). (3)
Hpesor the uncertainty due to the resolution of the stdidardizing
machine’s measurement display (Eq X? 1y, (11!(,1..('4314.\47 e the
uncul'umy in ducrmmnm th Cl’l’OI " of o

lerm u,h,p& N m cludfy that lhe uncenamrv (k:!e(m

cxpﬂndcd uncertainty NQ, are mlcumql by L,Oﬂ\bll"ng‘ the
appropriale uncertainty components descfibed abpyg It
hardness level of each Rockwell scale 4

£k =2 should
dence level of

ak
of Uu,, is an estimate of rhe umerrd;@y in thg ;r;pqned
certificd average hardness value of a refef@ipilesisdipgs.sThe
reported value should be supplementedl? $3ige Qement
defining to whar Rockwell scale and “B3gihp$sdtel the
uncertainty is applicable, with an explanatory slddient such
as, “The expanded uncertainty in the certificd valud of the test
block is with respect to Rockwell hardness reference standards

maintained at [for example, NIST], and was
caleulated in accordance with Appendix X2 of ASTM EI8 with
a coverage factor of 2 representing a confidence level of
approximatcly 95 %.”

X2.8.6 Example X2.3— A secondury level test-block stan-
dardizing laboratory has completed the calibration of a test
block in the hardness range of 40 HRC. The valucs 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 (sce Table
AL3). The last indirect verification of the mid range of the
HRC scale reported Uy, = 0.16 HRC and an “crror™ of +0.11
«HRG.The standardizing machine has a digital display with a
of 0.01 HRC. Therefore:

STDEV{40.61, 40.72, 40.63, 40.61, 40.55)

b. Block) =
5
gy sa: (Calib. Block) = 0.008 IIRC

me that the standardizing ma-
an extended period of time. and

,{his example, let’s
{ipe has been monitored for

“2dm Eg X2.10, it was determined that g, = 0.125 HRC for

the mid range of the HRC sc
tions asesediSulared as:

le. Other uncertainty contribu-

s = 03 JIRC and
Ter (AL
SYarsT o :,rlqz{gm‘ therefore,

Hepy = V0.028+ 01255400032+ 0.082 = 0.151 TIRC

ince £ =+0.11 HRC, U, = (2x 0.151) + ABS(+0.11),
or Ugey = 041 HRC for the certified hardness value of the
single calibrated test block.

SUMMARY OF CHANGES

Commirtee E28 has identified the location of selected changes to this standard since the last issue (E18-15)
that may impact the use of this standard. (Approved May 1, 2015.)

.5 was revised.

Committee E28 has identificd the location of sclected changes to this standard since the last issuc (E18—14a)
that may impact the usc of this standard. (Approved February |1, 2015.)

(1) A1.5.34 was revised.
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