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INTERNATIONAL
Standard Practice for
. . . . . 1
Rapid Indentation Hardness Testing of Metallic Materials
This standard is issued under the fixed designation E 103; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (") indicates an editorial change since the last revision or reapproval.
1. Scope ments for accreditation bodies accrediting conformity

1.1 This practice covers a procedure for rapid indentation
hardness testing of metallic materials.

1.2 This practice includes additional requirements in Annex
Al for the direct, indirect, and daily verification*@# srapid
indentation hardness testing machines. pbC-Blnde
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1.3 The values stated in SI units are to be, }&daAH8d 3dss .

standard. No other units of measurement are id¢liidéd sids
[N NN N LN N N
standard ot.oo ooo.-

1.4 This standard does not purport to address all of th'eo
if any, associated with 1950 'u'se It is the

safety concerns,
responsibility of the user of this standard to: gstablzsh apprq-,
priate safety and health practices and deterfnine the, gpplitd-s
bility of regulatory limitations prior to use. cetesseneies

2. Referenced Documents % E Sesseseses
2.1 ASTM Standards > vesensseer
E4 Practices for Force Verifieatton of q:est;ﬁg' Machines
E10 Test Method for Briqe:lli I:-I:éi(fnesg of M oétglzh:c:.Materlals

E74 Practice of Calibratipn? pf Force-Mepsygning Instru-
ments for Verifying i Fpide, Indication} pfilesting Ma-
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2.2 ISO Standards: *3 prd- teees soe

ISO 17025 General requirements® for the competence. ofs

testing and calibration laboratories . ; E s E E E
ISO/IEC 17011 Conformity assessment -- -(:tzr;e.re’ilJ roqusree
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" This test method is under the jurisdiction of ASTM C&rﬁrﬁl q..e. E28 on
Mechanical Testing and is the direct responsibility of Subcommitfpg *%£28.06 on
Indentation Hardness Testing.

Current edition approved Jan. 1, 2012. Published March 2012. Originally
published as E 103 — 84. Last previous edition E 103 — 84 (2002) which was
withdrawn in July 2011 and reinstated in January 2012. DOI: 10.1520/E0103-12.

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

* Available from International Organization for Standardization (ISO), 1, ch. de
la Voie-Creuse, CP 56, CH-1211 Geneva 20, Switzerland, http://www.iso.org.
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assessment bodies

3. Terminology

3.1 Definitions:

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

3.1.2 rapid indentation hardness test—an indentation hard-
ness test using calibrated machines to force a tungsten carbide
ball, ppder specified conditions, into the surface of the material
Jniet 3¢<t,and to measure the depth of the indentation. The
depih ineadured can be from the surface of the test specimen or
:fgorﬁ:é Eréfieg‘ciﬁo‘e position established by the application of a
?rchmmary- test force. The depth measurement is usually
© corre]ated %9 “another scale or Brinell hardness number. ‘

353 s8¢rification—checking or testing to assure confor-
mgdsyith the specification. :

LN

cemaee |
“ oslgmﬁcance and Use
»

4.1 This practice is used when it is desired to make Brinell -
type hardness iests very rap1dl.y on a.h1gh volume of samples, -
as in the 1nszpect10n of the outgut ofo & heat- -treating furnace. ‘"

4.2 Thig practice requires, the'measurement of indentation
depth and '_e:lrmmates the ne;e;i t:o. m.easure the diameter of the
indent optjcally ‘ds;geguired in ‘& Btthell hardness test.

4.3 This practié@ 4§ not a;$thfiddrd Brinell hardness test
method and does not meet the requirements of Test Method
E10.

4.4 Since the test forces and method of display of the depth
measurement differ between manufacturers of rapid indenta-
tion hardness testing equipment, the test results from equip-
ment from different manufacturers are not comparable.

5. Apparatus

5.1 Testing Machine—Equipment for rapid indentation
hardness testing usually consists of a testing machine, which
supports the test specimen and applies an indenting force(s) to
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a ball in contact with the specimen, and a system for measuring
and displaying an indication of the depth of the indentation.
The test force can be applied either as a single total test force
whereby the depth is measured usually from the surface of the
test specimen or as a preliminary and total test force whereby
the depth is measured as the increase from the preliminary to
the total test force.

5.1.1 The testing machine shall meet the requirements of
Annex Al.

5.1.2 The testing machine shall ensure that the force to the
indenter is applied smoothly and without impact forces that
affect the measurement result. Precautions shall be taken to
prevent a momentary high test force caused by the inertia of the
system, hydraulic system overshoot, etc.

5.1.3 The design and construction of the testing machine
shall be such that no rotational or lateral movement of the
indenter or test specimen occurs while the test force is being
applied or removed. ;e -

5.1.4 An anvil, or specimen support, should be u's!:_ sthat is
suitable for the specimen to be tested. The  $&4thte atnrl,

supporting surfaces of all anvils should be cleahsddd fikbidf .

LE R R NS

foreign material.

LR R ] LR I
LR R R

5.1.5 The indenters used for rapid indentatian ¥ésting shalls .

be tungsten carbide balls that meet the requirztﬁi:ﬁfs defined i~

0..

Test Method E10, Annex A3.
5.1.6 The mechanism for measuring the dcpth of the inder-
tation shall conform to the requirements prescribed, g Ad 333,
The method for determining the depth of, thg s hHEhg3idhe
determined by the manufacturer of the;febleraseseessscnss
5.1.7 A display or output relatives tos thes indendatian depth
shall be provided. The display sn'aéroﬁihoate e fuﬂ or partial

depth or the depth may be convertegi 'to emothorsre

_.
.
.
‘.
»

.
L

-am)ther-rerevant scale.
In this case, conversion to a'leiated Brinell hanincss' number is
recommended. When usegl; ‘thg 'method of .qb:a‘vg:;smn from

depth to another scale ot;Bfipi¢l] shardness §Qihpges is deter-,
mined by the manufacturer 0¥ 3¢ 3¢3¢r, sesese .

AR R LR
5.1.8 Refer to the Equiprﬁe'{ﬁ:mﬁlfactur‘e'r:s: Instructiohs
Manual for a description of thé “machineis characteristicss

A R AR J
limitations, and respective operating procedure.s:
.
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6.1 Rapid indentation hardness tests can be muele onsany test
specimen that can be tested using the E10 Brinell Tegtaylethod.

6.2 Finish—When necessary, the surface on WHich the
indentation is to be made shall be filed, ground, machined, or
polished with an abrasive material to allow accurate depth
measurements and to remove any surface conditions (such as
decarburization) that may affect the hardness of the sample.
Preparation shall be carried out in such a way that any
alteration of the hardness of the test surface (for example, due
to overheating or cold-working) is minimized. The surface in
contact with the test support anvil, when used, should be clean
and free of any conditions which may affect the test results.

6. Test Specimens
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6.3 Thickness—The thickness of the test specimen shall be
at least ten times the depth of the indentation and such that no
bulge or other mark showing the effect of the test force appears
on the side of the piece opposite the indentation. See Test
Method E10, Table 4 for more information about minimum
thickness.

7. Procedure

7.1 Magnitude of Test Force—The total test force is usually
3000, 1500, or 500 kgf (29.42, 14.71, or 4.903 kN). The
preliminary test force, if used, is determined by the manufac-
turer of the tester. The total test force and ball indenter size
used should be the same as the Brinell scale test that is being
replaced by the rapid indentation test. When selecting the total
test force and ball size to use, refer to Test Method E10,
Section 7 for Brinell hardness testing.

7.2 Spacing of Indentations—The distance from the center
of the indentation to the edge of the specimen, or edge of
another indentation, shall be at least two and one-half times the
diameter of the indentation.

7.3 Application of the Test Force(s)—Bring the indenter
into contact with the test surface in a direction perpendicular to
the surface without shock, vibration or overshoot. The angle
betwggn the indenter force-line and the surface of the specimen
.shbﬁld: b .perpendicular. Apply the test force(s) according to
A& hlanlidéture’s instructions.

74 Déptkanaasurement of the indent—Measure the depth of
:tﬁe 1naonta‘ne)n according to the manufacturer’s instructions.
When -thrsvpr’actlce is used to monitor the hardness of produc-
tion paﬁs sit is recommended that the displayed depth indica-
tio,;t 2§ defined in 5.1.7 be recorded. All recorded data shall
réfel¢dde this practice.

L
L]

8. Determination of Hardness Limits

«B 8o

8.1 Rapig ‘mdentatlon hardpqgs tests are normally used to
test specimgis, jn limited Brire]l, hdrtness ranges. In order to
establish .thé Jﬁﬁit(s) of acceptab].‘c.Ha‘rdness for a given part or
piece, test & speolmens represénfing the extreme(s) of acceptabil-
ity should be tested in the rapid mclentatlon hardness tester that
is to be used. The results obtained n may-be considered the limits
of application of the rapid indentation test.

L4

9. Report

9.1 When a report is desired, it is recommended that the
following information be reported:

9.1.1 The total test force,

9.1.2 The diameter of the ball indenter,

9.1.3 The displayed value as defined in 5.1.7, and

9.1.4 Reference to this practice.

10. Keywords
10.1 hardness; mechanical test; metals; rapid indentation
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ANNEX

Al. VERIFICATION OF RAPID INDENTATION HARDNESS TESTING MACHINES

Al.1 Scope

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

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

A1.1.3 Indirect verification is a process for periodically
verifying the performance of the testing machine by means of
standardized test blocks or samples of known hardness.

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 or samples ot known
hardness. csseess

(R AR RN RN XY
T R N

Note Al.l1—It may be necessary to refer to the testel’mamlfactmet‘s"

LA R AR RN

manual to perform some of the verifications defined in th:s:angle;@ teees
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Al.2 General Requirements e -
LR NN ] s

Al1.2.1 The testing machine shall be versfted at specific
instances and at periodic intervals as specifgefl’ in Table Al,l,

be accredited to the requirements of ISO 17025 (or an equivalent) by an
accrediting body recognized by the International Laboratory Accreditation
Cooperation (ILAC) as operating to the requirements of ISO/IEC 17011.

A1.3 Direct Verification

A1.3.1 A direct verification of the testing machine shall be
performed at specific instances in accordance with Table A1.1.
The test forces, indentation depth measuring system, and
indenter shall be verified as follows.

A1.3.2 Verification of the Test Forces

The test forces used shall be measured by means of a Class
A elastic force measuring instrument having an accuracy of at
least 0.25 %, as described in Practice E74.

Al1.3.2.1 Make three measurements of each force. The
forces shall be measured as they are applied during testing;
however, longer dwell times are allowed when necessary to
enable the measuring device to obtain accurate measurements.

A1.3.2.2 Each test force used shall be accurate to within 2

% of the nominal value.

A1.3.3 Verification of the Indentation Depth Measuring
Systne;The measuring system used to determine the depth of

e .mdeﬁta‘uon shall be verified over the working range by

and when circumstances occur that may affec} the perfouddde & . cohddakisbhs ith a reference scale, gage blocks or other

A A R LR R NER ]

of the testing machine.
A1.2.2 The temperature at the Veraﬁcatla'{i sites sRall el
measured with an instrument havingsai» aocura(zyi sobatileastand’
°C or 3.6 °F. It is recommen(;e(; -tiat (h@ ot;miit;z;tﬁre be
monitored throughout the Ver;ﬁqa.tron pggggl,: and significant
temperature variations be recptded and teporged: e tempera-
ture at the verification site, dddsijot need to B¢ hichgured for a
daily verification. cecescne ceceee
A1.2.3 All instrument$ susells Id imake héddidéments re~
quired by this annex shall be-eaﬁﬁiated.traceabl& ) natlonal.
standards when a system of traccabslity ex1sts cess
A1.2.4 Indirect verification of the testing 2 -machlne sh;l-l:t;e'
performed at the location where it will be usygl: : Y : : :: :
A1.2.5 Direct verification of newly manufagfufr¢d pI atlhilt
testing machines may be performed at the pl4de df hidduifac-

ture, rebuild, repair or the location of use. B3l

AR E R R NS
AR RN ]

.O

Note Al1.2—It is recommended that the calibration agency~ fhat is used
to conduct the verifications of rapid indentation hardness testing machines

-
L]
-
LA R R R R R R EEE RN
-
-
-

+ devicesaccusaté to at least 0.005 mm.
;::'Al;}gzl The depth-measurement system shall correctly
1nd1@ate {he depth of penetration to an accuracy of 60.005 mm.
42 :3:4 *Verification of the indenter—The tungsten carbide

bl shall be in compliance with Test Method E10, Annex A3.

LR RN ]
L

! *A1.4 Indirect Verification

Al4.1 Apn gn.direct verification _Uf;tbe testing machine shall
be perform¢gd in accordance witlt th¢ schedule given in Table
Al.1. Indirddts¥erifications mhy ¥ required more frequently
than statdd {if Jable A1.1 and §888dld be based on the usage of
the testing.'rhaéﬁine s eee

A1.42° The testing amachlne sﬁall be verified for each total
test force/ball size combination' that will be used prior to the
next indirect verification.

A1.4.3 A rapid indentation hardness testing machine shall
be indirectly verified by making at least three indentations on
reference Brinell hardness test blocks that comply with Test

TABLE A1.1 Verification Schedule for a Rapid Indentation Hardness Testing Machine

Verification Procedure

Schedule

When a testing machine is new, or when adjustments, modifications

Direct verification

or repairs are made that could affect the application of the test

forces or the depth measuring system.
When a testing machine fails an indirect verification.

Recommended every 12 months, or more often if needed

Indirect verification

Shall be no longer than every 18 months.

When a test machine is installed
Following a direct verification.

Naihs varifinatinn

Required each day that hardness tests are made.

Recommended whenever the indenter or test force is changed
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Method E10, Annex A4 or by utilizing parts or samples of
known hardness previously tested by the E10 method to
produce calibration indentations. Two blocks or parts shall be
used that span the softest and hardest samples to be tested (see
Section 8).

Al.4.4 The machine shall be verified under the same
conditions as in testing using the same test force(s) and the
same ball indenter and time of application of the test force(s).

A1.4.5 The rapid indentation hardness testing machine shall
be considered verified if the mean diameter of each indentation
differs by no more than the equivalent of 2 % of the mean
diameter of the calibration indentations of the reference hard-

ness test block.

A1.4.6 The displayed indentation depth, as defined in 5.1.7,
shall comply with the manufacturer’s specifications for accu-
racy. When the rapid indentation tester displays the Brinell
hardness of the sample, the error between the displayed value
and the certified hardness of the test blocks or parts;ghall not
differ by more than 3% for each test made.

A1.5 Daily Verification

AR E R R EE RN R RN

LR R ] LR I

A1.5.1 The daily verification is intended s; 3 39061 fOrs fiksl
user to monitor the performance of the '&:iﬁﬁg machi "I
between indirect verifications. At a minimuis she daily veri- '

fication shall be performed in accordance wntfl the schedule
given in Table Al.1 for each total test force/ball size, comb!-o
nation that will be used. eesaisiiis

LA R R R R R R EEE R

A1.5.2 The procedure for a daily verjfjgationgissthe Sagredss
an indirect verification except that Dhl dng I&F HIGEK dE patt
is required to be tested and a mididddd of,dnestedt BakYtired.
The error tolerances defined in #3435 aud daled beshall apply.
It is recommended that the bloc]'mor-part:-tested'lme«a hardness
in the middle of the range, ef lgardness levelsstosbba tested.

LR

Al.6 Verification Report* .

Al.6.1 A verification report- 13 'n:gmred fore direct a'nd°
indirect verifications. A Verlﬁcatlbn’report is pot req,ulred, f(:r'a
daily verification. ettty

...n ..9..'

A1.6.2 The verification report shall be pidduaeds bys {he
person performing the verification and 1nclude-a"t aainimuin the
following information. " E E E E . E o

A1.6.3 Direct Verification:

A1.6.3.1 Reference to this practice.

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

*
.

seBBee
R EEE RN
*TE e
LR RN N
LR R R R N
CE RN N ]
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*
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.
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A1.6.3.3 Identification of all devices (elastic proving de-
vices, etc.) used for the verification, including serial numbers,
and identification of standards to which traceability is made.

A1.6.3.4 Test temperature at the time of verification re-
ported to a resolution of at least 1°C.

A1.6.3.5 The individual measurement values and calculated
results used to determine whether the testing machine meets
the requirements of the verification performed. It is recom-
mended that the uncertainty in the calculated results used to
determine whether the testing machine meets the requirements
of the verification performed also be reported.

A1.6.3.6 Description of adjustments or maintenance done to
the testing machine, when applicable.

A1.6.3.7 Date of verification and reference to the verifying
agency or department.

A1.6.3.8 Signature of the person performing the verifica-
tion.

A1.6.4 Indirect Verification:

A1.6.4.1 Reference to this ASTM practice.

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

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

. fele b -4:4 Test temperature at the time of verification re-

L

portedstp:2 tesolution of 1 °C.
Als 62423 B, test force(s) ball size combinations verified.
T2 AL.64:4 THe individual test values and calculated results
'u'sed tos deldrmine whether the testing machine meets the
requiséments of the verification performed. It is recommended
thatothe-urfcertalnty in the calculated results used to determine
whetﬁert the testing machine meets the requirements of the
'v'enfrcatlon performed also be reported.

A1.6.4.7 Description of maintenance done to the testing
machine, whegi§ applicable. i L0

A1.6.4.8 Date of verificatioh*artd teference to the verifying
agency or depditinent. v e

AL6.4d Slgnature of the-person “performing the verifica-
tion.

Al.6%5 baily Vm'f;eation: pieeess

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

0

.I e -.l.c
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
COPYRIGHT)).
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