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INTERNATIONAL

Standard Practice for
. . . . . 1

Rapid Indentation Hardness Testing of Metallic Materials
This standard is issued under the fixed designation E103; 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 (g) indicates an editorial change since the last revision or reapproval.

1. Scope* 3. Terminology

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

1.2 This practice includes additional requirements in Apié

Al for the direct, indirect, and daily verification of gap;l'd
indentation hardness testing machines.

1.3 The values stated in SI units are to be regéﬁd%fd as

standard. No other units of measurement are 1ncluded in this

standard.

1.4 This standard does not purport to addrass: abl@f:the
safety concerns, if any, associated with irfi1se. 31 s i the
responsibility of the user of this standard to"e:stbblrsfz::m
priate safety and health practices and dei‘e‘mnne the wp
bility of regulatory limitations prior to uSé . b

1.5 This international standard was developed m dééor-
dance with internationally recognized principles on swndczrd 5
ization established in the Decision on Principles fq.?;:{@g
Development of International Standards, Guides and>Retiw
mendations issued by the World Trade Organization Tecﬁiu 0l

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

E10 Test Method for Brinell Hardness of Metallic Materials
E74 Practice of Calibration of Force-Measuring Instruments
for Verifying the Force Indication of Testing Machines

2.2 ISO Standards:

ISO 17025 General requirements for the competence of
testing and calibration laboratories

ISO/TEC 17011 Conformity assessment -- General require-
ments for accreditation bodies accrediting conformity
assessment bodies

! This test method is under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and is the direct responsibility of Subcommittee E28.06 on
Indentation Hardness Testing.

Current edition approved April 1, 2017. Published May 2017. Originally
published as E103 — 84. Last previous edition approved in 2012 as E103 — 12 . DOI:
10.1520/E0103-17.

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.

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

' 4. Sighiffcéhsg and Use

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
balk,i wnder specified conditions, into the surface of the material
:under tes :and to measure the depth of the indentation. The

i asured can be from the surface of the test specimen or
: g:ference position established by the application of a
prettdtmary test force. The depth measurement is usually
coiiéié&ed to another scale or Brinell hardness number.

3.1.3 verification—checking or testing to assure confor-
: mance willf the spemﬁcu‘u()n

evee coeeslt
.

sesees.
e

4.1 This practlce is'tised when it is desired to make Brinell
type hardness tests very rapidly on a high volume of samples,
as in the inspection of the output of a heat-treating furnace.

4.2 This practice requires the measurement of indentation
depth and eliminates the need to measure the diameter of the
indent optically as required in a Brinell hardness test.

4.3 This practice is not a standard 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
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.

*A Summary of Changes section appears at the end of this standard
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5.1.1 The testing machine shall meet the requirements of  on the side of the piece opposite the indentation. See Test
Annex Al. Method E10, Table 4 for more information about minimum

5.1.2 The testing machine shall ensure that the force to the thickness.
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 7.1 Magnitude of Test Force—The total test force is usually
system, hydraulic system overshoot, etc. 3000, 1500, or 500 kgf (29.42, 14.71, or 4903 kN). The

5.1.3 The design and construction of the testing machine preliminary test force, if used, is determined by the manufac-
shall be such that no rotational or lateral movement of the turer of the tester. The total test force and ball indenter size
indenter or test specimen occurs while the test force is bemg used should be the same as the Brinell scale test that is being
apphed or removed replaced by the rapid indentation test. When selecting the total
test force and ball size to use, refer to Test Method ELO,
Section 7 for Brinell hardness testing.

7. Procedure

supporting surfaces of all anvils should be clean an;d free of:~5

;132 Spacing of Indentations—The distance from the center
forelgn materlal

betweéﬁ the indenter- fofee line and the surface of the specimen

5.1.7 A display or output relative to ha: mdentatlon; depthg ShOl,l}@, itze perpendlcxﬂ&r Apply the test force(s) according to
shall be provided. The display may indicate the fulfyr pariial’ the manifacture’s: {?effectlons
depth or the depth may be converted to another relevant:scate. 74 Depth measiiement of the indent—Measure the depth of

In this case, conversion to a related Brinell hardness Atsdiber is the indentation according to the manufacturer’s instructions.

oooooo
Seee

recommended. When used, the method of conversion:from When this practice is used to monitor the hardness of produc-
depth to another scale or Brinell hardness numbers is deter- tion parts, it is recommended that the displayed depth indica-
mined by the manufacturer of the tester. tion as defined in 5.1.7 be recorded. All recorded data shall
5.1.8 Refer to the Equipment Manufacturer’s Instruction  reference this practice.
Manual for a description of the machine’s characteristics, L. L.
limitations, and respective operating procedures. 8. Determination of Hardness Limits
8.1 Rapid indentation hardness tests are normally used to

6. Test Specimens test specimens in limited Brinell hardness ranges. In order to

6.1 Rapid indentation hardness tests can be made on any test establish the limit(s) of acceptable hardness for a given part or

specimen that can be tested using the E10 Brinell Test Method. ~ Pi€ce, test specimens representing the extreme(s) of acceptabil-
ity should be tested in the rapid indentation hardness tester that

is to be used. The results obtained may be considered the limits
of application of the rapid indentation test.

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 9. Report
decarburization) that may affect the hardness of the sample.
Preparation shall be carried out in such a way that any following information be reported:
alteration of the hardness of the test surface (for example, due 9.1.1 The total test force.
to overheating or cold-working) is minimized. The surface in 9.1.2 The diameter of the ball indenter,
contact with the test support anvil, when used, should be clean 9.1.3 The displayed value as defined in 5.1.7, and
and free of any conditions which may affect the test results.

9.1 When a report is desired, it is recommended that the

9.1.4 Reference to this practice.
6.3 Thickness—The thickness of the test specimen shall be
at least ten times the depth of the indentation and such that no ~ 10- Keywords
bulge or other mark showing the effect of the test force appears 10.1 hardness; mechanical test; metals; rapid indentation
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ANNEX

Al.

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.

Al.1.2 Direct verification is a process for verifying that

allowable tolerances by directly measuring the test forges:and
the indentation depth measuring system.

seen

Al1.1.3 Indirect verification is a process for p’erwdlcaIFy ;

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 moni
performance of the testing machine between mﬂlr
tions by means of standardized test blocks,¢

hardness.

erifica:

sampbz's ot known

Al.2 General Requirements

Al.2.1 The testing machine shall be verified :ai:spécific

instances and at periodic intervals as specified in Fabdez A% .1
and when circumstances occur that may affect the perforitance
of the testing machine.

Al.2.2 The temperature at the verification site shall be
measured with an instrument having an accuracy of at least 2.0
°C or 3.6 °E It is recommended that the temperature be
monitored throughout the verification period, and significant
temperature variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a
daily verification.

Al1.2.3 All instruments used to make measurements re-
quired by this annex shall be calibrated traceable to national
standards when a system of traceability exists.

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

Al1.2.5 Direct verification of newly manufactured or rebuilt
testing machines may be performed at the place of
manufacture, rebuild, repair or the location of use.

VERIFICATION OF RAPID INDENTATION HARDNESS TESTING MACHINES

Note Al.2—It is recommended that the calibration agency that is used
to conduct the verifications of rapid indentation hardness testing machines
be accredited to the requirements of ISO 17025 (or an equivalent) by an
accrediting body recognized by the International Laboratory Accreditation
Cooperation (ILAC) as operating to the requirements of ISO/IEC 17011.

A1.3 Direct Verification

Al1.3.1 A direct verification of the testing machine shall be
performed at specific instances in accordance with Table Al.1.
The test forces, indentation depth measuring system, and
indenter shall be verified as follows.

,A,I 3 2 Verification of the Test Forces—The test forces used

::be: measured by means of a Class A elastic force
Eme:zgs.gggng instrument having an accuracy of at least 0.25 %, as
dgigéeied in Practice E74.

enable:

he measurmg deV1ce to obtain accurate measurements.
Al 3 2 2 Each, jest: Horce used shall be accurate to within 2
% of, the ‘npminal “vaire.

A1.3.3 Verification of the Indentation Depth Measuring
System—The measuring system used to determine the depth of
the indentation shall be verified over the working range by
comparison with a reference scale, gage blocks or other
devices accurate to at least 0.005 mm.

Al1.33.1 The depth-measurement system shall correctly
indicate the depth of penetration to an accuracy of £0.005 mm.

Al.3.4 Verification of the indenter—The tungsten carbide
ball shall be in compliance with Test Method E10, Annex A3.

Al.4 Indirect Verification

Al.4.1 An indirect verification of the testing machine shall
be performed in accordance with the schedule given in Table
Al.1. Indirect verifications may be required more frequently
than stated in Table Al.1 and should be based on the usage of
the testing machine.

Al.4.2 The testing machine shall be verified for each total
test force/ball size combination that will be used prior to the
next indirect verification.

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

Verification Procedure

Schedule

Direct verification

Indirect verification

Daily verification

When a testing machine is new, or when adjustments, modifications 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
Shall be no longer than every 18 months.

When a test machine is installed

Following a direct verification.

Required each day that hardness tests are made
Recommended whenever the indenter or test force is changed.
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Al.4.3 A rapid indentation hardness testing machine shall Al1.6.3.3 Identification of all devices (elastic proving
be indirectly verified by making at least three indentations on devices, etc.) used for the verification, including serial
reference Brinell hardness test blocks that comply with Test numbers, and identification of standards to which traceability is
Method E10, Annex A4 or by utilizing parts or samples of  made.

known hardness previously tested by the E10 method to Al1.6.3.4 Test temperature at the time of verification re-
produce calibration indentations. Two blocks or parts shall be  ported to a resolution of at least 1°C.

used that span the softest and hardest samples to be tested (see A1.6.3.5 The individual measurement values and calculated
Section 8). results used to determine whether the testing machine meets

Al4.4 The machine shall be verified under the same the requirements of the verification performed. It is recom-
conditions as in testing using the same test force(s) and the mended that the uncertainty in the calculated results used to

same ball indenter and time of application of the test foree(s). determine whether the testing machine meets the requirements
A14.5 The rapid indentation hardness testing machisg bz, of the Verlﬁcanon. pe.rformed.also be reporteq.
be considered verified if the mean diameter of each indéettiit:: A1.6.3.6 Description of adjustments or maintenance done to

differs by no more than the equivalent of 2 % of:thd mewd:: the testing machine, when applicable

diameter of the calibration indentations of the referg:nce hard-"
ness test block.

Al4.6 The d1sp1ayed indentation depth as deﬁned.m

.....
.....

of standards to Wthh traceability is made.

between indirect verifications. At a minimum, the daﬂy;’ven- AlL64.4 Test temperature at the time of verification re-
fication shall be performed in accordance with the schedule ~ Ported to a resolution of 1 °C.

given in Table Al.1 for each total test force/ball size combi- Al.64.5 The test force(s) ball size combinations verified.
nation that will be used. Al1.6.4.6 The individual test values and calculated results
used to determine whether the testing machine meets the
requirements of the verification performed. It is recommended
that the uncertainty in the calculated results used to determine
whether the testing machine meets the requirements of the
verification performed also be reported.

A1.5.2 The procedure for a daily verification is the same as
an indirect verification except that only one test block or part
is required to be tested and a minimum of one test is required.
The error tolerances defined in Al1.4.5 and A1.4.6 shall apply.
It is recommended that the block or part tested have a hardness

in the middle of the range of hardness levels to be tested. Al1.64.7 Description of maintenance done to the testing
machine, when applicable.
Al.6 Verification Report A1.6.4.8 Date of verification and reference to the verifying
Al1.6.1 A verification report is required for direct and  agency or department.
indirect verifications. A verification report is not required for a A1.6.4.9 Identification of the person performing the verifi-
daily verification. cation.
A1.6.2 The verification report shall be produced by the A1.6.5 Daily Verification:

person performing the verification and include at minimum the

Pe h AL1.6.5.1 No verification report is required for the daily
following information.

verifications; however, it is recommended that records be kept
AL1.6.3 Direct Verification: of the daily verification results, including the verification date,
A1.6.3.1 Reference to this practice. measurement results, certified value of the test block, test block
A1.6.3.2 Identification of the rapid indentation hardness identification, and the name of the person that performed the
testing machine, including the serial number, and model verification, etc. These records can be used to evaluate the
number. performance of the hardness machine over time.
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SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E103 — 12)
that may impact the use of this standard.

(1) A1.6.3.8 and A1.6.4.9 were revised.

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 regponsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comm&hls are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquianers.sYour comments will receive careful consideration at a meeting of the

responsible technical committee, which you may attendd: igQg el that your comments have not received a fair hearing you should
make your views known to the ASTM Committee ok S;‘ancfarel's:et the address shown below.

e

This standard is copyrighted by ASTM Internanonal 100 Barr HarborDﬂve PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multl/.zle copies), pfithis smqarq may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555. (té)Z);””seMdééﬁtm org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the- §gandarql may -also besecured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel‘.(Q?B) 646’260?: _Ymp‘//WWW cctzy:r!ghtcom/
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