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1. Scope*

1.1 This test method covers determination of thg :n:n‘crom—
dentation hardness of materials.

ceceens
1.2 This test method covers microindentatié) t?été;élgi. é ‘
with Knoop and Vickers indenters under test fomes n the'mng

from 9.8 x 107 t0 9.8 N (1 to 1000 gf).

1.3 This test method includes an analysns-of the posmbleo
sources of errors that can occur during mlcrmnéentatlon testing
and how these factors affect the precision, -tnas repeatabikiey
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and reproducibility of test results. ’
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test procedures described are am)ﬁee!ble to other nmesials.e
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1.5 Units—The value$ $8addd 38 S units 434 I be regarded
as standard. No other units Of Sicasuréinent afesigsluded in shis
standard. ettt ‘e ceee
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1.6 This standard does not purport to Zlﬂd(ess all Py el
safety concerns, if any, associated with Ulss i , I 3% uhe
responsibility of the user of this standard {0 @GBIsH: &3 ro-
priate safety and health practices and deteiires ﬁze.apﬁlica-
bility of regulatory limitations prior 1o use. ceer
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1.7 This international standard was develapea si accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

! This test method is under the jurisdiction of ASTM Committee E04 on
Metallography and is the direct responsibility of Subcommittee E04.05 on Micro-
indentation Hardness Testing. With this revision the test method was expanded to
include the requirements previously defined in E28.92, Standard Test Method for
Vickers Hardness Testing of Metallic Material that was under the jurisdiction of
E28.06
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3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, see Terminology E7.

3.2 Definitions of Terms Specific to This Standard:

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), 1, ch. de
la Voie-Creuse, Casc postale 56, CH-1211, Geneva 20, Switzerland, http:/
WWW.1s0.01g.

*A Summary of Changes section appears at the end of this standard
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3.2.1 calibrating, v—determining the values of the signifi-
cant parameters by comparison with values indicated by a
reference instrument or by a set of reference standards.

3.2.2 Knoop hardness number, HK, n—an expression of
hardness obtained by dividing the force applied to the Knoop
indenter by the projected area of the permanent impression
made by the indenter.

3.2.3 Knoop indenter, n—a rhombic-based pyramidal-
shaped diamond indenter with edge angles of £ A = 172° 30
and £ B = 130° 0’ (see Fig. 1).

3.2.4 microindentation hardness test, n—et bardness test
using a calibrated machine to force a diadbhils@ienter of
specific geometry into the surface of othée in'zierazil. being
evaluated, in which the test forces range $roim 4 10 o DODeaf (9.8
x 10~ t0 9.8 N), and the indentation dl.a;‘g:ﬂilél: or df@%)iné@s, are
measured with a light microscope aftes gad removal;for any
microindentation hardness test, it is ag»g\rmed that the lndenta
tion does not undergo elastic recovery wafter force remqval®? :
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Note 2—Use of the term microhardness §h0ulcl.b.e.a§f:5i31§(: Qc:czuzﬂg it
implies that the hardness, rather than the fmce or !heqndenmaerr 8126 !%
very low.
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3.2.5 verifving, v—checking cor tesfing e dpe fistiument o

assure conformance with ¥h¢ specifiggieg e’

3.2.6 Vickers hardne;s'» :n:ﬁﬂbe-r- H‘Z :ﬁ;lm expression @f
hardness obtained by-dmdmg 'the f()fee- agghed toa Vlckersr
indenter by the surfaceeaea of the perrfranenvlmpressmn made

bymelndenter 40000008 LA N S
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3.2.7 Vickers mdemez; -nswa G uareabasecl yramldaiashaped
diamond indenter with’ iuee ungl'es of 136°% gsee ho-i)

3.3 Formulae—The formulae presanted in 3.3.ee88.4 for
calculating microindentation hardness»ar:::tta.sgq -up@ii;a'n ideal
tester and conditions. The measured yalue of the smaicroinden-
tation hardness of a material is subjectqd; gq §q\;egal' sources of
errors. Based on Eq 1-9, variations in $i4¢ sgpplied force,
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geometrical variations between diamond indenters, and human
errors in measuring indentation lengths will affect the precision
of the calculated material hardness. The magnitude of the error
that variations of each of these parameters have on the
calculated value of a microindentation measurement is dis-
cussed in Section 10.

3.3.1 For Knoop hardness tests, in practice, test loads are in
grams-force and indentation diagonals are in micrometers. The
Knoop hardness number is calculated using the following:

HK = 1.000 X 10° X (P/A p) = 1.000 X 10° X P/(cp X d2) @))]
or
HK = 14229 X P/d? (2)
LB
tan "‘i—‘
cp,= (3)
T Hany
soawhers .
* LR iE Toree, of,
*d s s s%e length of long diagonal, pm,
Ao projected area of indentation, um >
« 285 * = included longitudinal edge angle, 172° 30°
,eeedl = included transverse edge angle, 130° 0" (see Fig. 1
ceee and,
s+-°c, = indenter constant relating projected area of the inden-

tation to the square of the length of the long diagonal,
. 1deally 0. 07028 ceee s

3. f:? Tlge Knoop haﬁdness -k(rf/mm is determined as fol-
lowssee-

vt.»
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R 64029 X P,/d
1o e
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ieser

.. #

force, kgf, and
length of long diagonal, mm.
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1.0 g Ak,

FIG. 1 Knoop Indenter
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units of GPa is, ¢+

determinedasfollowsﬁzz:? .::::::: ceee
R 0014229 X P lden 6500
where: ceeneens. b
force, N, anelesesesss b 3

P, = :
d, = ﬂgonal of # Ehe- mdentatlon, mm

length of the l@ng

3.3.4 For the Vickers hardness test.ein pridtice, te&;f foads are
in grams-force and indentation diagonabs are inederometers.

The Vickers hardness number is calcufa(@d as dellows:

HV = 1000 X 10° X P/A_ = 2.000 xld biala2)ia> (0)

Tevescses
see
or Teseee
Tees
ver

HV = 18544 X P/d? 7

=)
o)
[¢]
i1
[¢]

force, gf,

surface area of the indentation, pum®,

mean diagonal length of the indentation, ym, and
face angle of the indenter, 136° 0° (see Fig. 2).

3.3.5 The Vickers hardness, kgf/mm®
follows:

I~ &}”ﬁ

is determined as

HV= 18544 X P /d,>? (%)

where:
P, force, kgf, and
d mean diagonal length of the indentations, mm.

3.3.6 The Vickers hardness reported with units of GPa is
determined as follows:

HV = 0.0018544 X P,/d > 9)
where:
P, = force, N, and
d, = mean diagonal length of the indentations, mm.
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+ ¢ 34 Equations for calculating % Error and Repeatability for

«deriodic verification is determined as follows:

d_dref
E =100 —2f (10)
d .
[ Lee e ref
XX XX Y
Whemo- oooo .

l_i’ :_‘.: * error in perf(‘)['m:zrtqe of the periodic verification,
af . : :% .the measured fgehhsdiagonal length in um, and
“the reported terrgfellsmean diagonal length, ym.

I(’f. c
T “eoe ’....ﬂz —d
R= TOO fifx min ( 11 )
d

where:

R = repeatability in performance of the periodic
verification,

d,... = the longest diagonal length measurement on the
standardized test block, um,

d,., = the shortest diagonal length measurement on the

~ standardized test block, yum, and

d = the measured mean diagonal length in um.

4. Summary of Test Method

4.1 In this test method, a hardness number is determined
based on the formation of a very small indentation by appli-
cation of a relatively low force, in comparison to traditional
bulk indentation hardness tests.

4.2 A Knoop or Vickers indenter, made from diamond of
specific geometry, is pressed into the test specimen surface
under an applied force in the range of 1 to 1000 gf using a test
machine specifically designed for such work.

4.3 The size of the indentation is measured using a light
microscope equipped with a filar type eyepiece, or other type
of measuring device (see Terminology E175).



v E384 - 17

4.4 The Knoop hardness number is based upon the force
divided by the projected area of the indentation. The Vickers
hardness number is based upon the force divided by the surface
area of the indentation.

4.5 Tt is assumed that elastic recovery does not occur when
the indenter is removed after the loading cycle, that is, it is
assumed that the indentation retains the shape of the indenter
after the force is removed, but this is not always true. In Knoop
testing, it is assumed that the ratio of the long diagonal to the
short diagonal of the impression is the same as for the indenter,
7.114, but this is not always true due to elastic recovery.

5. Significance and Use

5.1 Hardness tests have been found to be veiy wseful for
materials evaluation, quality control of manufa(‘.tumng pro-
cesses and research and development efforts sklardness, s al-
though empirical in nature, can be correlated: t-o-tensﬁc; 5t§51§§th
for many metals and alloys, and is eglswan'mdrqagqq of

machinability, wear resistance, toughnesg aad fuctility.~ 22!

5.2 Microindentation tests are utilized ics év./aluate and qlfzfn— .
tify hardness variations that occur over a gmrall distance. Thesee s

variations may be intentional, such as pyoduced Ry $qcadized
surface hardening, for example, from sRqtd dIgstinde Q@Q
drawing, flame hardening, inductipp, Jardéddhds 21d .« 08 I
processes such as carburizatiopy bf{ifling .chﬂi(uﬁﬁcﬁﬁg,!été

or, they may be unintentional Uaraatlom.due.m.pmbl'ems such
as decarburization, localized ssaffenddg sihe sdrdice, or from

composmonal/mlcrostluetuﬁzﬁ-segmgatlonops)ﬁﬁsms Low test. :.
forces also extend hardn@ss-testmg to me&ertals ioo thin or t()@- .

small for macromden{amen éests Mlcromdentatmn tests permit
hardness testing of spcelﬁc:ph'lses or constitaens and regions

or gradients too small for‘ev:dmz;tmlgy m‘mgmg@entatloq ;ests

5.3 Because microindentateam hardness te*ses w1ll° 1eveal
hardness variations that commonly exist \yﬁhl\n most: mggerrals
a single test value may not be represgQ@liye ,¢f 3¢ tbulk
hardness. Vickers tests at 1000 gf can bef §@524% L idtermi-
nation of the bulk hardness, but, as for ah}y Haddddss 3ést, it is
recommended that a number of indents dres 3 and the

average and standard deviation are calculated, ag.needed or as
required.

5.4 Microindentation hardness testing is generally per-
formed to quantify variations in hardness that occur over small
distances. To determine these differences requires a very small
physical indentation. Testers that create indents at very low test
forces must be carefully constructed to accurately apply the test
forces exactly at the desired location and must have a high-
quality optical system to precisely measure the diagonal (or
diagonals) of the small indents. Test forces in the upper range
of the force range defined in 1.2 may be used to evaluate bulk
hardness. In general, the Vickers indenter is better suited for
determining bulk (average) properties as Vickers hardness is
not altered by the choice of the test force, from 25 to 1000 gf,
because the indent geometry is constant as a function of indent
depth. The Knoop indentation, however, is not geometrically
identical as a function of depth and there will be variations in
Knoop hardness, particularly at test forces <200 gf, over the
force range defined in 1.2 (and above this range); consequently,

-

Knoop hardness is not normally used to define bulk hardness,
except at 500 gf where E140 gives conversions to other test
scales, and Knoop tests should not be performed at test forces
above 1000 gf. The majority of Knoop tests of case hardness
variations are conducted at forces from 100 to 500 gf. If the test
is being conducted to meet a specified bulk hardness value,
such as HRC, then most such tests will be conducted with
Knoop at a 500 gf load. Because of the large difference
between the long and short Knoop diagonals, the Knoop
indenter is often better suited for determining variations of
hardness over very small distances compared to the Vickers
indenter. Vickers and Knoop tests at forces <25 gf are
susceptible to imprecision due to the difficulty in measuring
extremely small indents (<20 um) by light microscopy with
high precision and reproducibility. Tests made at forces <25 gf
should be considered to be qualitative in nature. Likewise, test
forces that create indents <20 um in length should be avoided
whenever possible and should be considered to be qualitative
in nature. The success of the specimen preparation procedure in
removing preparation-induced damage can, and will, influence
tosé sesults; this problem becomes more critical as the test force

e o e se

deerenscs.
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@EIE :Tés,:t'MaChine—The test machine must support the test
sgchmpn and control the movement of the indenter into the
$P¢cimen under a preselected test force, and should have a light
s bOGigAl microscope to select the desired test locations and to
Ifctisure the size of the indentations produced by the test. The
plane of the surface of the test specimen must be perpendicular
to the axis.of the indenter. aand.the direction of the force
applications The plane of the last sﬁécimen surface must be flat,
and free-(:)f. surface relief, m-@rder to obtain valid, usable test
data, 'Tbec Baldness test | maehme must meet the verification
reqmrements defined in TestoM-e{hod EB92.

0.1: ¢ Force Applzcatzon—jlihp.tg:st machine shall be capable
of applying the test forces uteording to the following:

6.1.1.1 The time from the initial application of the force
until the full test force is reached shall not exceed 10 s.

6.1.1.2 The indenter shall contact the specimen at a velocity
between 15 and 70 um/s. Indenter velocity is not usually
adjustable by the user.

6.1.1.3 The full test force shall be applied for 10 to 15 s
unless otherwise specified.

6.1.1.4 For some applications it may be necessary to apply
the test force for longer times. In these instances the tolerance
for the time of the applied force is = 2 s.

6.1.2 Vibration Control—During the entire test cycle, the
test machine should be protected from shock or vibration. To
minimize vibrations, the operator should avoid contacting the
machine, or the support table, in any manner during the entire
test cycle.

6.2 Vickers Indenter—The Vickers indenter normally pro-
duces geometrically-similar indentation shapes at all test
forces. Except for tests at very low forces that produce
indentations with diagonals smaller than about 20 um, the
Vickers hardness number will be the same, within statistical
precision limits, as produced using test forces that produce
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diagonal lengths >20 pm, using either a microindentation test
machine up to 1000 gf or a macroindentation test machine with
test forces > 1 kgf, as long as the material being tested is
reasonably homogeneous and the magnification and image
quality are optimal (see Appendix X4). For isotropic materials,
the two diagonals of a Vickers indentation are equal in size.
Metals/alloys with preferred crystallographic textures may
produce distorted indents and invalid or questionable test
results. The Vickers indenter must meet the verification re-
quirements defined in Test Method E92.

6.2.1 The ideal Vickers indenter is a highly ; pelished,
pointed, square-based pyramidal diamond with facgs 3glgs of
136° 0'. The effect that geometrical variations of2th{$e 34381bs
have on the measured values of Vickers hardng$ss Sedisiulssed
in Section 10. ceeer Toeens

6.2.2 The four faces of the Vickers indent;éi E&Eéﬁ be eqﬁél{li
inclined to the axis of the indenter (withirg &2 80" and shalt
meet at a sharp point. The line of junctionfietween opposite
faces (offset) shall be not more than 0.5 um tn'length as shawi
IHFlg ") PR A N BN BN ]

6.3 Knoop Indenter—The Knoop mdeﬁt’er ﬂees. ROl producs o o
geometrically-similar mdentatmn- ah ACLRODe

'.'....

5 as-a %'notro-no @ﬁ {ost
force and indent depth. Consequemlyothe-Kn@(zp mandness will
vary with test force (see Appengise X)e Dae't(f rts rhombic
shape, the indentation depgh g shallower qu:q :ngoop inden-
tation compared to a Viged$ 0dentation uhflel tdentical test
conditions. But, for e shfs jest force,q S Knoop long
diagonal will be substant!ZI0s d&ds than (hpihddd of the tw
Vickers diagonals. The two'diagesdls of a Khbﬁ)ﬁ dndentati¢n
are markedly different. Ideally, the Iong dlagonal iso. 114 Gmes

longer than the short diagonal, but this ratlo-ls 1nf1uerz<§e§i§‘é3§
elastic recovery. Because of its shape, the K-n'oop inglenter s
very useful for evaluating hardness gradlem;s:qr:tpgr; gggtmgs
The Knoop test is not recommended for use dppy$ e b &kef test
load. The Knoop indenter must meet the veril¢g s fequire-
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ments defined in Test Method E92. et

6.3.1 The Knoop indenter is a highly polished: pointed,
rhombic-based, pyramidal diamond (1).* The ideal included
longitudinal edge angles are 172° 30' and 130° 0. The ideal
indenter constant, ¢, is 0.07028. The effect that geometrical
variations of these angles have on the measured values of
Knoop hardness is discussed in Section 10.

6.3.2 The four faces of the Knoop indenter shall be equally
inclined to the axis of the indenter (within = 30" and shall
meet at a sharp point. The line of junction between opposite
faces (offset) shall be not more than 1.0 pm in length for
indentations greater than 20 um in length, as shown in Fig. 1.
For shorter indentations, the offset should be proportionately
less.

6.3.3 Indenters should be examined periodically and re-
placed if they become worn, dulled, chipped, cracked or
separated from the mounting material. Never touch the in-
denter tip with your finger.

4 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

.

0.4 Measuring Equipment—The test machine’s measuring
device should report the diagonal lengths in 0.1 pm increments
for indentations with diagonals from [ to 200 um.

Norte 3—This is the reported length and not the resolution of the system
used for performing the measurements. As an example, it a length of 200
um corresponds to 300 filar units or pixels, the corresponding calibration
constant would be 200/300 = 0.66666667. This value would be used to
compute diagonal lengths, but the reported length would only be reported
to the nearest 0.1 pum.

6.4.1 The optical portion of the measuring device should
utilize Kohler illumination. Consult the manufacturer’s instruc-
tion manual for the adjustments that can be made on your
tester.

6.4.2 To obtain maximum resolution, the measuring micro-
scope should have high quality objectives with adequate
numerical apertures, a suitable eyepiece, adjustable illumina-
tion intensity, adjustable alignment and aperture and field
di‘apflgzg.ms. These are adjusted in the same manner as on a

« soffeetode ight microscope or metallograph. Some systems are

LA RN RN E N

neys desiened using computer monitors and indent length
gletect;qq Pysmmage analysis and may not utilize a traditional
s&vepicQes syt have a projection lens connected to a CCD

© camgip While a traditional eyepiece has a circular field of

viesd othe rcomputer monitor is rectangular and its height-to-
widthihtio can vary.
« +6.43 Magnifications should be provided so that the diago-

»enal’Can be enlarged to greater than 25 % but less than 75 % of
the field w1dth If the computer screen has a 4 to 3 ratio of

width to hernht or a greater, drfference between the screen
width and helght the max1mum ﬁel'd' helght must be <75% of
the width, yr freasure both V;ckefs' diagonals. A 40x or 50x
objective *fay ,not be adeqqa By precise measurement of
indents <30 um §p Jength. Medshifments of diagonal lengths
<20 pni in length Wit the lighttafifct@scope may be imprecise,
regardless of the objective magnification used, with the prob-
lem becoming more acute as the diagonal length decreases
below 20 ym.

7. Test Specimen

7.1 For optimum accuracy of measurement, the test should
be performed on a flat specimen with a polished surface free of
preparation-induced damage. The surface must be free of any
problems that could affect the indentation or the subsequent
measurement of the diagonals. Conducting tests on non-planar
surfaces is not recommended. Results will be affected even in
the case of the Knoop test where the radius of curvature is in
the direction of the short diagonal.

7.1.1 In all tests, the indentation perimeter, and the inden-
tation tips in particular, must be clearly defined in the micro-
scope field of view.

7.1.2 For best results, the specimen surface should not be
etched before making an indentation (2), although etching is
often necessary to aid indent location. Deeply etched surfaces
will obscure the edge of the indentation, making an accurate
measurement of the size of the indentation difficult or impos-
sible. When determining the microindentation hardness of an
isolated phase or constituent, or when evaluating segregated
compared to non-segregated areas, and other similar situations,
a light etch is required to delineate the object or area of interest
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so that the indentations can be placed in the desired locations.
The necessary quality of the required surface preparation does
vary with the forces and magnifications used in microindenta-
tion hardness testing. The lighter the force and the smaller the
indentation size, the more critical is the surface preparation.
Some materials are more sensitive to preparation-induced
damage than others. In general, face-centered cubic metals (for
example, austenitic stainless steels, copper and its alloys,
nickel and its alloys, gold and silver) exhibit a larger deforma-
tion field around the indent than an indent of the same test force
made in a body-centered cubic metal (for example, ferritic and
martensitic steels).

7.1.3 Due to the small size of the indentations; special
precautions must be taken during specimen prepargian. It is
well known that improper preparation can alter, JSp 3ESulis.
Specimen preparation must remove any damagds I3dnged
during these steps, either due to excessive Y&A¥L® DL 11
work, for example. Leeses  “lecs
7.1.4 Specimen preparation should be pér?ér%ﬁéd in accors
dance with Guide E3. s
L N

7.2 In many instances, it is necessary to mount the speciraen
for convenience in preparation and for best edggzigtemions
When mounting is required, the specimen myst s .4(16;]113{61}

supported by the mounting mediu, o §t (e Serihed IpLs
not move during force applicatiQf.eIh asahifeh hhppdd 1t an

improperly cured polymer mofiifees? .eeccesee

8.1 Turn on the 1llummatms:ystem and p()

LB N B4

8. Procedure

Eer the tester.

4

8.2 Select the desired” mdentef -H it is nee@ssm:y to physie
cally change indenters, refer t()-the ma'mrfactupe'f‘s'mstructlorrs-
With some machines, both indenters can be mouglted 91; :tl;lg
turret and changed by a simple switch or copputer coppign
Occasionally clean the indenter with a XDidn, syabsand
alcohol. Avoid creating static charges durirle) ¢iRadihds Never
touch the indenter tip with your fingers as th{s $31 &%t the
measurements. tleteet
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8.3 Place the specimen on the stage or in the stage clamps,
so that the specimen surface is perpendicular to the indenter
axis. A top-referenced clamping system for mounts is an
excellent device for aligning the test plane perpendicular to the
indenter, particularly if the back face of the mount is not
parallel to the polished front surface. If clay is used on a slide,
use very stiff clay and use high pressure when seating the
specimen against the clay.

8.4 Focus the measuring microscope with a low power
objective so that the specimen surface can be observed.

8.5 Adjust the light intensity and adjust the apertures for
optimum resolution and contrast. Zero the measuring device
according to the manufacturer’s recommended method.

8.6 Select the area desired for hardness determination.
Before applying the force, make a final focus using the
measuring objective.

8.7 Adjust the tester so that the indenter is in the proper
place for force application. Select the desired force.

P
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8.8 Activate the tester so that the indenter is automatically
lowered and makes contact with the specimen for the normally
required time period. Then, remove the force either manually
or automatically.

8.9 After the force is removed, switch to the measuring
mode, and select the proper objective lens. Focus the image,
adjust the light intensity if necessary, and adjust the apertures
for maximum resolution and contrast.

8.10 Examine the indentation for its position relative to the
desired location and for its symmetry.

8.10.1 If the indentation did not occur at the desired spot,
the tester is out of alignment. Consult the manufacturer’s
instruction manual for the proper procedure to produce align-
ment. Make another indentation and recheck the indentation
location. Readjust and repeat as necessary.

8.10.2 For a Knoop indentation, if one half of the long
diagonal is more than 10 % longer than the other diagonal half,
or if both ends of the indentation are not in sharp focus, the test
specjipgn surface may not be perpendicular to the indenter

<3318 2 3¢¢h an indent may yield incorrect data and the calculated
HEK Had8q supon it should be reported outside these limits.

e« Ch8R it detimen alignment and make another test to be sure
« o that A Ie:si data is correct.

" 8.10s% For a Vickers indentation, if one half of either
dlagorlil:rs more than 5 % longer than the other half of that
di’d"!)ﬂal' or if the four corners of the indentation are not in
/gk;e;rp;focus the test surface may not be perpendicular to the

, s pdenter axis. Such an indent may yield incorrect data and the

calculated HV based upon it should be reported outside these
limits. Cheek e specimen alignfn®h} and make another test to
be sure thal e test data is cdriécta o

8.10. 4 Iﬂthé:d’lagonal legs. aré ihéqual as described in 8.10.2
or 8.10:3, -ro(ate the spec1men~ 90 and make another indenta-
tion in an-untested region. It the nonsymmetrlcal aspect of the
indentatfons has rotated 90°, then'the specimen surface is not
perpendicular to the indenter axis. If the nonsymmetrical
nature of the indentation remains in the same orientation, check
the indenter for misalignment or damage.

8.10.5 Some materials may have nonsymmetrical indenta-
tions even if the indenter and the specimen surface are
perfectly aligned. Tests on single crystals or on textured
materials may produce such results. When this occurs, check
the alignment using a test specimen, such as a standard, known
to produce uniformly shaped indentations.

8.10.6 Brittle materials, such as ceramics, may crack as a
result of being indented. Specific details for testing ceramics
are contained in Test Methods C1326 and C1327.

8.11 Measure the long diagonal of a Knoop indentation, or
both diagonals of a Vickers indentation, in accordance with the
manufacturer’s instruction manual.

8.11.1 Determine the length of the long diagonal of a Knoop
indentation or both diagonals of a Vickers indentation to within
0.1 um (see 6.3). For the Vickers indentations, average the two
diagonal length measurements.

8.12 Compute the Knoop or Vickers hardness number using
the appropriate equation in Section 3 or using tables supplied
with the tester, respectively. Modern testers usually give an



E384 - 17

Sk
automatic readout of the hardness after the diagonal or diago- in GPa, and the rather narrow range of GPa values for metals,
nals have been measured. a “soft” SI system approach is recommended.
8.13 Spacing of Indentations—Generally, more than one 9.1.2 Test force, and N )
indentation is made on a test specimen. It is necessary to ensure 9.1.3 Any unusual conditions encountered during the test.
that the spacing between indentations is large enough so that 9.2 The symbols HK for Knoop hardness and HV for

adjacent tests do not interfere with each other. Because  vickers hardness shall be used with the reported numerical
face-centered cubic (FCC) metals (for example, austenitic  ygyes.

stainless steels, copper, nickel, silver and gold) work harden
more dramatically than body-centered cubic (BCC) metals
(ferritic steels, for example), the indent spacing distance is
more critical for FCC metals as the deformation zone around

gh? éndent is larger than for a BCC metal, as mentloned in 9.2.1.1 For microindentation hardness tests, where the test

force is generally in gram force units, with test forces <1000 gf,
8.13.1 For most testing purposes, the mlmmtmg sreeonn-

seees this result can be reported as 400 HK 0.1, for example, when

mended spacing between separate tests and (e sy, a test at 100 gf yields a Knoop hardness of 400. The same

distance ‘between an indentation and the g gl:fgge st Jbe. approach is used to report the Vickers hardness.

specimen, are illustrated in Fig. 3. 20008 ereee
L jeseee e0ee! 9.2.1.2 In the SI system the hardness would be reported as
8.13.2 For some applications, closer spactitg i indentativhg, 3.92 GPa, but this practice is not preferred for the reasons

than those shown in Fig. 3 may be necds$qy. If a closet St o011

indentation spacing is used, it shall be the rdspbnsibility of the .44
testing laboratory to verify the accuracy ofethe testing padcds o .q ?31:% <Kor nonstandard dwell times, other than 10 to 15's,
dure. Parallel, staggered bands of indents’ from (Bé stsmes s, the hardness would be reported as 400 HK 0.1/22 5. In this
inward can be utilized to obtain close; overall s %)'a'e' e bl e s gase, QQ‘S’WOuld be the actual time of the full load dwell time.

indents with respect to the dlstanceoff@m " thessustoee sham eans - 9- 201-4 .EW macro-Vickers tests with forces >1 kgf, see Test

9.2.1 For this standard, the microindentation hardness test
results can be reported in several different ways. For example,
if the Knoop hardness was found to be 400, and the test force
was 100 gf, the test results may be reported as follows:

be safely done with a single hne of -mden-t; :f;(;n:l:t;lé surface Me}?‘?‘;??"z for the recommended notation.
inward, or within the interior, S)f ;(he ququppgl; : : : 29.32 EXamples of the calculation of measurement uncertainty
ceeess Lttt ,3&%S §ivEn in Test Method E92.
9. Report see0es escese csvs e~
9.1 Report the followﬁn’g:uﬁarmatlon cecsce " 10. Precision and Bias

9.1.1 The number Ofskslse and, wheses sappiopriate 0%
required, the mean, stand'aﬂi -dematnn anécgi%-conﬁdenee
interval for the tests. Due (0 -tl'ae -lone hlst()ry-sf hardness

10.1 The :prec1s10n and blas; of rnrcromdentatlon hardness
measuremevn(sf <epend on strrc(oad-herence to the stated test

calculations, and because the traditional kg/mm?-umt qg:not grotceduge:d?p% artetmﬁuengg? ,by 1?strumental and material
part of the SI system, the calculated numbegs will be reponed actors ang,in g?.a.lf)n me rq‘l??g errors
without mention of the units. Also, due to thpagenptal g anil- 10.2-The consisteney of agreemient for repeated tests on the
iarity of the metallurgical community with $iidilels adgbers same material is dependent on the homogeneity of the material,
2.5dw
2.5 dw ‘w dK —]
2 —
2.5dv

dK = Knoop Diagonal } ‘
dW = Knoop Width ~
oop W e S

dV = Vickers Diagonal
2.5dv
{

FIG. 3 Minimum Recommended Spacing for Knoop and Vickers Indentations
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reproducibility of the hardness tester, and consistent, careful
measurement of the indents by a competent operator.

10.3 Instrumental factors that can affect test results include:
accuracy of loading; inertia effects; speed of loading; vibra-
tions; the angle of indentation; lateral movement of the
indenter or specimen; and, indentation and indenter shape
deviations.

10.3.1 Vibrations during indenting will produce larger in-
dentations with the potential influence of vibrations becoming
greater as the force decreases (2, 3).

10.3.2 The angle between the indenter and specimen surface
should be within 2° of perpendicular. Greater amounts of tilting
may produce non-uniform indentations and incorree.t‘: fest
results.

+0 000
2068000

10.4 Material factors that can affect test results-mc;ud'e:...

speCImen homogenelty, orientation or texture effecmg QI;I:)I‘(Z[Z)BI oo

specimen preparation; low specimen surface refleetywity; amdse e
AR N N R .

LA N B N

transparency of the specimen. 2000
10.4.1 Residual deformation from mechan$¢a ¢ polishing
must be removed, particularly for low-force (<200rgf) testing.

10.4.2 Distortion of the indentation shape,sdue to eitherses
crystallographic or microstructural texture, infludnces.did§ddals e e
lengths and the validity of the calculated hardnessee s o o : ceccees
C8o oo

.’....’

10.4.3 Plastic deformation during- mdensatlon-oa}l.g
ridging around the indentation per Lpheq: ghat Wlxl-zgffee.
nal measurement accuracy. e E E E 80 seesessee

10.4.4 Testing of etched surfages,*depeneltree on fhe extent
of etching, may produce results xhgte are differgtsfyom those
obtained on unetched surfage@$ €02 ¢ P

10.5 Measurement errors thpg ¢3up pffect test rpggles taclude:
inaccurate calibration of the Mpsgdng idevices sfftlequate

.!% B

non-uniform illumination; and, improper zeroirdg df she ad
suring device. ::::::1:::::

10.5.1 The accuracy of microindentation hardne'sﬁ 2652121' :18
strongly influenced by the accuracy to which the’ mgi::glt:a«.tlpns
can be measured. Tees

10.5.2 The error in measuring the diagonals increases-as the
numerical aperture of the measuring objective decreases (4, 5).
In general, indents <30 um in length should be measured with
objectives having greater magnification than 40 or 50x. Image
contrast between the indent and the specimen is critical for
precise measurement of diagonal length.

10.5.3 Bias is introduced if the operator consistently under-
sizes or over-sizes the indentations.

10.6 Some of the factors that affect test results produce
systematic errors that influence all test results while others
primarily influence low-force (<25 gf) test results (6). Some of
these problems occur continually, others may occur in an
undefined, sporadic manner. Low-force hardness tests are
influenced by these factors to a greater extent than higher force
tests.

10.7 For both the Vickers and Knoop hardness tests, the
calculated microindentation hardness is a function of three
variables: force, indenter geometry and diagonal measurement.
For the Vickers test, the error in measuring the diagonals has a

»

* e
s 0

resolving power of the objective? Yfthicient magnifcation; 35 e
operator bias in sizing the indentations; poor ifnage contra$s e

.0..'

bigger effect on the precision of the HV value than a larger
error in the test force or the face geometry. For the Knoop test,
an error in measuring the long diagonal has a bigger influence
on the precision of the HK value than a larger error in the test
force. But, errors in the two face angles, Fig. 1, have a very
significant effect on the precision of the HK value.

10.8 Three separate interlaboratory studies have been con-
ducted in accordance with Practice E69! to determine the
precision, repeatability, and reproducibility of this test method.
The three studies are defined as follows: {a) Knoop and Vickers
tests, six test forces in the micro range, twelve laboratories,
manual measurements, and seven different hardness level
specimens (see 10.8.1 and Appendix X1). Results were pub-
lished in 1989 (7, 8) and in ASTM Research Report RR:E04-
1004.3(b) Knoop and Vickers tests, two test forces in the micro
range, seven laboratories, image analysis and manual
measurements, four different hardness level specimens (see
10.8.2, Appendix X2 and ASTM Research Report RR:E04-
1006).%(c) Knoop and Vickers tests, six test forces in the micro
range, «iehiy-five laboratories, manual measurements, six
diffeéréats Rdrdhess level specimens (see 10.8.3, Appendix X3
and AS‘;M:Réie}cﬁreh Report RR:E04-1007).”

e210.8.1" A 4 -mterlaboratory test program was conducted in
ééc;o}aancewtth-Practlce E691 to develop information regard-
ing the :gx;eg:gsron, repeatability, and reproducibility of the
measyieneng “of Knoop and Vickers indentations (supporting
data veeicen filed at ASTM Headquarters; request RR:E04-
1004):5.The test forces were 25, 50, 100, 200, 500, and 1000 gf
oftthree ferrous and four nonferrous specimens (7, 8). Twelve
laboratories measyged the indentatjigns Jfive of each type at

« each force on’éath sample. Addltmnakdetails of this study are

given in Appencfxx.Xl

10.8.1.1 'TGSCS: of the three feﬁr(-)us spemmens revealed that
nine laboratomes produced mmﬁarc measurements while two
laboratorieg ,consmtengl :gndersmeq :tl.ae Jndentations and one
laboratory consistently oversized *the ~ firdentations; that is,
biased results were produced. These latter results were most
pronounced as the force decreased and specimen hardness
increased (that is, as the diagonal size decreased) and were
observed for both Vickers and Knoop indentations. Results for
the lower hardness nonferrous indentations produced better
agreement. However, none of the laboratories that obtained
higher or lower results on the ferrous specimens measured the
nonferrous indentations.

10.8.1.2 Repeatability Interval—The difference due to test
error between two test results in the same laboratory on the
same material increases with increasing specimen hardness and
with decreasing test force (see X1.4.4).

10.8.1.3 Reproducibility Interval—The difference in test
results on the same material tested in different laboratories

3 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E04-1004. Contact ASTM Customer
Service at service@astm.org.

©® Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E04-1006. Contact ASTM Customer
Service at service@astm.org.

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E04-1007. Contact ASTM Customer
Service at service@astm.org.
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increased with increasing specimen hardness and with decreas-
ing test force (see X1.4.5).

10.8.1.4 The within-laboratory and between-laboratory pre-
cision values improved as specimen hardness decreased and
test force increased. The repeatability interval and reproduc-
ibility interval were generally larger than the precision
estimate, particularly at low test forces and high specimen
hardness.

10.8.2 An interlaboratory test program was conducted in
accordance with Practice E691 to develop information regard-
ing the repeatability and reproducibility of Knoop 43¢ ¥jickers
measurements made with automated image analy$is $ystems
compared to measurements by manual proceduyrd$.e Fodns s
rous specimens were used in the round robin.s TR I3 heié
conducted at 100 gf and 300 gf. The participandss in e dest
program measured the same indentations @i <hé four spédie
mens. Seven labs measured the specimens :tis;r;g both proce-
dures. The Knoop indentations on specimens :3 were too long
for accurate measurements to be made by one lab; henee ondy
six sets of measurements were made on this speg;mqr; qa;r'tbq
end of the test program, specimen B1 waszdostiagshtpgag:ahos
only six sets of measurements w&rPahhde Dhs HI$ SHedinen®
Additional details of the study,$idecihtaindd 3§ Sudhlifx X2,

10.8.2.1 Repeatability concdllssthe ¥adridhil§eletween in-
dividual test results obtainad M&ﬁn a Sihele Iabbiatory by a
single operator with a spec;ﬁ& set of test appar:mhs For both
the manual and automaied’- -measurementw cthe orepeatablhty
interval increased with spemmen-bardness and-de(xeasmg test
force, Appendix X2. For equwak:nt ~test1ng 'condltlons thc
repeatability interval for autonrated measurememg Was sli glm)z
larger than for manual measurements. . S L teeee

10.8.2.2 Reproducibility deals with the valigbility Jedoped
single test results obtained by different labbl4td{iss apdphing
the same test methods to the same or simifaf :téit:&'pééuﬁens.
For both the manual and automated measurerrichls ¢ié Tepro-
ducibility interval increased with specimen hardhesss and de-
creasing test force, Appendix X2. For equivafehi testing
conditions, the reproducibility interval for automated measure-
ments was slightly larger than for manuval measurements.

10.8.2.3 Neither Practice E691, nor any other ASTM
standard, deals with comparing test results of a single property

LA R N E N N

»

made by two different test methods. Hence, it is not possible to
statistically and accurately compare the hardness measure-
ments made by the manual and automated procedures.
However, this information is graphically represented for com-
parative purposes, X2.6.

10.8.3 Tests of six ferrous alloys with hardness values of
<20 HRC, 30, 40, 50, 60 and 67 HRC were tested using Knoop
and Vickers tests at a variety of test forces, usually 25, 50, 100,
300, 500 and 1000 gf (except that the lowest test forces for
Vickers tests of the 60 and 67 HRC specimens were not
performed). Twenty-five different laboratories tested the steels
using the Vickers test while thirteen different laboratories
tested the steels using the Knoop test. Additional details of this
study are given in Appendix X3.

10.8.3.1 Repeatability and reproducibility statistics were
determined for the Knoop and Vickers diagonal measurements.

JResults pe tabulated in Table X3.1 and Table X3.2 and are
S Brathically in Fig. X3.1 and Fig. X3.2.
fG8eed 'ﬁgpeatablllty and reproducibility statistics were

*9 00 e

determenedsfor the Knoop and Vickers hardness values. Results

-

are taimiertcd in Table X3.3 and Table X3.4 and are shown
grapch\jly in Fig. X3.3 and Fig. X3.4.

400000
LR N R N N4

18.. Uohversion to Other Hardness Scales or Tensile
2 * * Strength Values

*»

1.1 Theresds no generally -aocepted method for precise
conver510n°0f Knoop or Vlckcrs' microindentation hardness
numbers ¢ 'Ogher hardness sca‘les t)g tensile strength values.
Such cqm’e:rsipns are empirigpd ang are limited in precision and
should be,sedtwith cautloﬂ‘e){(:em for special cases where a
reliable. bisis fol I8¢ conversiad has been obtained by com-
parison tests. For loads > 2% "of microindentation Vickers
hardness numbers are in statistical agreement with macro-
Vickers hardness numbers. Refer to Standard Hardness Con-
version Tables in E140.

12. Keywords

12.1 hardness; indentation; Knoop; microindentation; Vick-
ers

ANNEXES

(Mandatory Information)

Al.

Al.1 Scope

Al.1.1 Annex Al specifies three types of procedures for
verifying microindentation (Knoop and Vickers) hardness test-
ing machines: direct verification, indirect verification, and
periodic verification. This annex also contains geometric speci-
fications for the indenter. A control chart method for monitor-

VERIFICATION OF KNOOP AND VICKERS HARDNESS TESTING MACHINES AND INDENTERS

ing the consistency of microindentation measurements based
on the periodic verification tests and detecting measurement
deviations is described in Practices E2554 and E2587.

Al.1.2 Direct verification is a process normally performed
by the manufacture for verifying that critical components of the
hardness testing machine are within allowable tolerances by



A0y E384 - 17

Y

direct measurement of the applied test forces, the indentation
measuring system, and the testing cycle. For additional infor-
mation about direct verification see Test Method E92.

Al.1.3 Indirect verification is a process performed by the
user of the machine, or by an outside certification agency, to
periodically verify the performance of the testing machine by
means of standardized test blocks. For additional information
about the indirect verification procedure, see Test Method E92,

Al.1.4 The periodic (formerly called “weekly”) verification
is a process for monitoring the performance of the testing
machine between indirect verifications by means of standard-
ized test blocks and is performed by the user. cees

Al.2 General Requirements /

0908000000
240000000000

Al.2.1 The testing machine shall be veritiedsat specife
instances and at periodic intervals as specﬂ}ﬁ;d;gq Thble Agsls
and when circumstances occur that may affe;l:lily’performancc
of the testing machine. See Annex Al in Te$¢ Method E92 for

interval details for direct and indirect Veriﬁbat’lons

ER N )
PA R N B N J

A1.2.2 All instruments used to make measuremqr;tg uge
quired by this Annex shall be calibrated tracga®iee gl
standards when a system of traceai)igs EXisi$ £xCedtedsatdied

OtheI'WiSS LR NN N 4000000000000 "

LR N R NN *8 0SS0 0000"
s 000 [E R XN R R XN B

A1.2.3 Periodic verificatiqrf 344 3he jigdigery vetification of
the testing machine shall bg e fdrmegi® 8" ¢ 2ipLItion where
the tester is used. ceese cecees

LE N R N g LA N N NN ]
LR N N X N4 LN N NN ]

A1.2.4 Direct verificagipg 3§ mewly manyfagged or rebuilt
testing machines may® B¢ sP¢Yormed a2 @ikt place of
manufacture, rebuild or th2:priGal :qf use (R&dils of i
procedure can be found in TeSti§Ieffod E92. "* 53 cees

Notg Al.1—It is recommended that the calibratign,agendy that§$ 5o
to conduct the verifications of microindentation hardh§sygsting h3chis
be accredited to the requirements of ISO 17025 (or em eﬂmval@nt)- by a

recognized accrediting body that operates to the d"aq.usrer;lar:ts: #2150

Guide 58. R

A1.2.5 Verification of Indenter—The geonfe’céi E)f sthe in-
denter is verified at the time of manufacturing *and it is
mandatory for new machines. Subsequent verifications of the
indenter are performed by visual inspection of the resulting
indentation; it is usually sufficient for the user to verify the
absence of defects from the shape of indentations performed on
test blocks. Details of this process are given in Test Meth-
odE92.

A1.3 Periodic Verification

Al.3.1 The periodic (formerly known as the “weekly”)
verification is intended as a tool for the user to monitor the
performance of the testing machine between indirect verifica-
tions. At a minimum, the periodic verification shall be per-

TABLE A1.1 Verification Schedule for a Microindentation
Hardness Testing Machine

formed in accordance with the schedule given in Table Al.1 for
each microindentation hardness indenter that will be used.

Al.3.2 It is recommended that the periodic verification
procedures be performed whenever the indenter is changed,
that is, if one indenter is physically removed from the port and
another is inserted into its place. This is not required with
machines that have both types of indenter mounted on the same
turret. It is also recommended to perform a periodic verifica-
tion when loads are changed (to verify that the load is not
“hanging up™).

3.3 Periodic Verification Procedures—The procedure to

use when performing a periodic verification is as follows.
Al1.33.1 Atleast one standardized test block that meets the
requirements of Annex A2 shall be used for each microinden-
tation hardness indenter to be used. When test blocks are
commercially available, the hardness level of the test blocks
shall be chosen at approximately the same hardness value as
the;ippterial to be measured. If various hardness ranges are to

*B¢ 1m3de 2if is recommended to take a test block from each

".'..Q

BN duess as described in Table A1.2,

. AT33.2:Th¢ indenter to be used for the periodic verifica-

fidn shil besthe indenter that is normally used for testing.
Al33.3 Before performing the periodic verification tests,

ensude hat the testing machine is working freely, the stage and

tosh dleck are clean, and the measuring device is properly

aczjust'ea and zeroed.

»e2"A1.3.34 Make at least three hardness measurements on

cach of the verification test blocks. The tests shall be distrib-
uted uniforpgly*over the surfage, I the test blocks.

A1.3.3.5: et ¢ be the averdep, qf2 the measurements. Deter-
mine the, ¢3@" E and the repgafghility R in the performance of
the testitg Wldchine using B¢ 10.ahgd Eq 11 from 3.4 for each
standardiZell tesRBlpck that is thédsured.

(1)1 the error’Z ahd the repedtability R calculated for each
test block is within the tolerances given in Table Al1.3, the
testing machine with the indenter may be regarded as perform-
ing satisfactorily.

(2) If the error E and the repeatability R calculated for any
of the test blocks is outside the tolerances, the periodic
verification may be repeated with a different indenter. If the
average of the hardness measurements again falls outside of
tolerances for any of the test blocks, an indirect verification
shall be performed.

Al1.3.3.6 If a testing machine fails a periodic verification,
the hardness tests made since the last valid periodic verification
may be suspect.

Nore A1.2—1It is highly recommended that the results obtained from
the periodic verification testing be recorded using accepted Statistical
Process Control techniques, such as, but not limited to, X-bar (measure-
ment averages) and R-charts (measurement ranges), and histograms (see
Practices E2554 and E2587).

TABLE A1.2 Hardness Ranges Used for Periodic Verification

Verification Schedule
Procedure Range Knoop Vickers
Periodic Verification Required each week that the machine is used. Low < 250 < 240
Recommended whenever the indenter is physically Mid 250-850 240-600
removed and replaced by another indenter. High > 650 > 600
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TABLE A1.3 Repeatability and Error of Test Machines— Periodic Verification by Standardized Test Blocks Based on Measured
Diagonal Lengths”

R E
Hardness Range of Force, Maximum Maximum
Standardized Test Blocks of Repeatability Error
(%) (%)
Knoop Vickers
HK >0 HV >0 1= F <100 13 3
HK < 100 HV < 100 100 = F = 1000 13 3
100 = HK = 250 100 = HV = 240 100 = F < 500 13 2
250 < HK = 650 2404 HV = 600 5 2
HK > 650 * pY « 600 4 2
2000 8
2068000
100 = HK = 250 *POY &8 [\ &04() 500 = F = 1000 8 2
AE N RN} LEX
250 < HK = 650 o e3dial & Bbo 4 2
HK > 650 ceess IS, 3 2

. . ’ t . . .

A1n all cases, the repeatability is the greater of the:pzéarﬁage gﬁ/ér{&:‘l um; the maximum error is the greater of the value obtained or 0.5 ym.
L N N N N AR B N
(X N B N ] “e
L E N N AN
[ R B X4

LR N ]

L2

-
. e
.. *

22282 Means of verification (test blocks, elastic proving
U&LiLeS wic.) with statements defining traceability to a national

..a....

-0 e

Al.4 Verification Report
Al4.1 A verification report is reqmred 'fbi:é&ééts and

indirect verifications. A verification repQi3 § 2OCnbpd d0L 2,
periodic verification. Additional J8tils SDREETILS CPAHOADT 2 - . 5%)The microindentation hardness scale(s) verified.
the verification report can, B¢ 3§QHd &t T INIBLL =92, :° . °Q4) "The individual or calculated results used to determine

. .leeese eeessecse- s ther the testing machine meets the requirements of the
A142 Th ﬁ . ’ . iee m
¢ verificayQg sipport; §L 3¢5 produced by the Yerification performed. Measurements made to determine the

LR RN J

- ®
*e
.o
L ]
.
.

.

person performing thg aelifitation anglshidldde the following? s

information when £\3JIDRe as a re$@il Qe the Verlﬁcambﬁ“ > &s-found condition of the testing machine shall be included
performed. sseese secses whenever they are made.

Al.42.1 Full cfeiéilis:éf: e, Venﬁcailz)é :rélgort can be,found (%) Bescription of adjustments or maintenance done to the
in Test Method E927Seseeess.  Sectes teStlng‘maChme Tt
(@ of Verlﬁcanon and reference to the verifying

Al1.4.22 The basic co%ﬁ;iife&is of the Vesidication saport, as dn
ag@lcyior department, ¢ 32 %4

defined in detail in Test Méthod E92 2,eare sﬁﬁlmaréz:egisléelow. ,
(1) Identification of the hardness ge:st.iglg macehine and the 67) Slggqql{e of the persor performing the verification.
indenters used. “eee
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A2. CALIBRATION OF STANDARDIZED HARDNESS TEST BLOCKS FOR MICROINDENTATION HARDNESS

TEST MACHINES

A2.1 Scope

A2.1.1 The calibration of standardized hardness test blocks
used to verify microindentation hardness test machines is
described in Test Method E92. The standardizing machine shall
meet the direct verification method described in Test Method
E92.

A2.1.2 Re-polishing of the test block will invalidate the
standardization and is not recommended. Cleaning of the
polished test block surface is often required in normal usage
but must not alter the hardness or quality of the polished test
surface.

A2.2 Certification of Standardized Test Block

A2.2.1 The certificate accompanying cach standardized
hardness test block shall include the following information: the
arithmetic mean of each group of five impression diagonals;
the arithmetic mean and standard deviation of all impression
diagonals, the corresponding hardness value, the test force,
serial number of the test block, name of the manufacturer and
certifying organization, magnification used, and the date.
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APPENDIXES

(Nonmandatory Information)

X1. RESULTS OF INTERLABORATORY TEST OF THE MEASUREMENT OF MICROINDENTATIONS

X1.1 Introduction

X1.1.1 This interlaboratory test program (7, 8) was con-
ducted to develop precision and bias estimates for the mea-
surement of both Knoop and Vickers indentations using forces
of 25 to 1000 gf for ferrous and nonferrous specimens covering
a wid% range of hardness (see Research Report RR:E04-
1004).”

X1.2 Scope

X1.2.1 This interlaboratory test program proy;de;s tnforma-
tion on the measurement of the same indentatidhd iy tiifferent
laboratories according to the procedures of Hrag@es 34k

...‘.I‘
LN

.O..‘Q
*0 908
AN N
s.é

X1.3 Procedure

X1.3.1 Five indentations were made ungipr controlled con-
ditions at each force (25, 50, 100, 200, 5005 and 1000 gf), svitlt
both Knoop and Vickers indenters using three ferrous and four
nonferrous specimens, tecccecccececes

4000000000000 00
AR EE NN SN BN ENXNZX]
(X N )

X1.3.2 Twelve laboratories .rﬁéamred'ﬁﬁiﬁdsﬁthﬁbh?ﬁén

the ferrous specimens and {ﬁe-nenferr@us' -speermenq Two
laboratories measured the 183d0&ss Qf bt 0ps.

200060 LR N B NN ]

X1.3.3 Each laborator§edscdf the same'stigé smicrometer td
calibrate their measuringsdaviee.

P
-® o

X1.3.4 Results were tabgkged snd anglyzedsin accordance
with Practice E691. ’:S::;::' T Jese

L]
.0 .
LA N BN

X14 Results see.
X14.1 For the three ferrous specimens, sisujtsfcom nine
laboratories showed general agreement as 10 3¢ giiagqual sizes.
Two other laboratories consistently undersizéd ilié iﬁdentanons
(higher hardness) and one laboratory consistent}y :orvers;zed the
indentations (lower hardness). This bias was observed with
both Vickers and Knoop indentations sized by these laborato-
ries with the degree of bias increasing as the indentation size
decreased and the specimen hardness increased. Test on the
four nonferrous specimens produced general agreement, but
none of the three laboratories that produced biased results for
the ferrous specimens measured the nonferrous specimens.

X1.4.2 For the Vickers test data, the calculated hardness
increased with increasing force and then became reasonably
constant. This trend was apparent in the data from the nine
consistent laboratories (ferrous specimens) and for the labora-
tory that oversized the indentations. The two laboratories that
consistently undersized the Vickers indentations exhibited
substantial data scatter for the tests with forces of less than 100
of. However for higher forces, their indentation measurements
were relatively constant. The force at which the hardness
became relatively constant increased with increasing specimen

LE X
LA B R J
L R N Y
[

*

hardness. For specimens below about 300 HYV, there was
relatively little difference in HV over the test force range.

X1.4.3 For the Knoop test data, most of the laboratories
agreed that the hardness decreased continually with increasing
test force and then became reasonably constant. However, the
two laboratories that exhibited outlier data for the ferrous
specimens did show the opposite trend; this is highly unusual.
The difference in HK values between low forces and high
forces increased with increasing specimen hardness. For speci-
mens with hardness below about 300 HK, the difference in
hardness was quite small over the test force range.

X1.44 Repeatability Interval—The difference due to test
error between two test results in the laboratory on the same
asaterial was calculated using the (S,)j values, the pooled
Nighin;laboratory standard deviation. (§,)j increased with di-

agbnal size and the relationship varied for each material and

L] LE N B NN N ]

tesgetypgs Table X1.1 lists regression equations that show the
réllibhdhip between (S,)j and the diagonal length, um. The

; fepeatability interval (1,)j, was calculated based on the rela-

e
se

s

12

$dhships in Table X1.1. Because the repeatability intervals are
also a function of diagonal length, regression equations were
also calculated, Table X1.2. The repeatability intervals, in
termg 9f §noop and Vickess ar.alues for ferrous and nonferrous

specimens, are shown ip F;w- +X1.1-X1.4.

29:.?55: Reproducibiliss datérval—The difference in test re-
sults ,qn thg, same matcrial pe different laboratories was calcu-

.....

precision. (Sg)j increased with dlagonai size and the relation-
ship varied for each material and test type. Table X1.3 lists the
regression equations that show the relationship between (Sy)j
and the diagonal length, um. The reproducibility intervals (13)j,
were calculated based on the relationships shown in Table
X1.3. Because the reproducibility intervals are also a function
of diagonal length, regression equations were also calculated,
Table X1.4. The reproducibility intervals, in terms of Knoop
and Vickers values for the ferrous and nonferrous specimens,
are shown in Figs. X1.1-X1.4.

X1.4.6 The within-laboratory and between-laboratory pre-
cision values were calculated from (V(%))j and (V (%))j
which are the coefficients of variation for within-laboratory and
between-laboratory tests. Both are a function of the length of
the diagonal. The within-laboratory and between-laboratory
precision values were relatively similar for both Vickers and
Knoop test data, either ferrous or nonferrous. In general, the
repeatability intervals and reproducibility intervals were larger
than the precision estimates, particularly at low test forces and
high specimen hardness.
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TABLE X1.1 Relationship Between Diagonal Length and (S)j, the
Pooled Within-Laboratory Standard Deviation

. . . Correlation
Material Test Regression Equation Coefficient
Ferrous Vickers (S)j=0.231+ 0.00284—81 0.535
Ferrous Knoop (8)f=0.216 + 0.006 d, 0.823

Nonferrous Vickers (5)/ = 0.373 + 0.008 d, 0.862
Nonferrous Knoop (8= 0.057 + 0.0177 d, 0.81986

TABLE X1.2 Relationship Between the Diagonal Length and (/))j,
the Repeatability Interval

Material Test Regression Equation

Ferrous Vickers (1)j = 0.653 + 0.008 d,

Ferrous Les Knoop (I)j = 0.614 + 0.017 dy_
Nonferrous eee. Vickers (1)j = 1.0556 + 0.0226 d,
NONferrous 4 e e e ee. Knoop (1)j = 0.161 + 0.05 d,
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FIG. X1.2 Repeatability and Reproducibility Intervals in Terms of Knoop Hardness () for the Ferrous Samples as a Function of Test
Load and Specimen Hardness
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Load and Specimen Hardness

14



I E384 - 17

TABLE X1.3 Relationship Between Diagonal Length and (Sp)j, the

Between-Laboratory

Estimate of Precision

. . . Correlation
Material Test Regression Equation Coefficient
Ferrous Vickers (SR)j=0.31+0.004 d, 0.747
Ferrous Knoop (Sp)f = 0.333 + 0.007 ¢, 0.899

Nonferrous Vickers (Splj = 0.357 + 0.0156 ¢, 0.8906
Nonferrous Knoop (Sg)j = 0.378 + 0.0177 o, 0.8616

TABLE X1.4 Relationship Between the Diagonal Length and (/g)j,
the Repeatability Interval

Regression Equation

Material Test
Ferrous Mickers
Ferrous Brivep
Nonferrous + S fickars
LE 2D
Nonferrous s .szon [ XS

(I5)j = 0.877 + 0.0113 4,

(Is)j = 0.946 + 0.0198 4,

(In)j = 1.0103 + 0.0441 d,
(Im)j = 1.07 + 0.05 &,

TEETETTTETE
20 8000800
4006800080800
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X2. RESULTS OF AN INTERLABORATORY FEST COMPARING MICROINDENTATION HARDNESS TESTING USING
MANUALAND AUTOMATED MEASURING SYSTEMS

o e
PR R NN NN J
LR NN BN R NN ]
PE R RN NN NN NN ]

X2.1 Introduction

X24 Répddability

LR R NN N N NN

X2.1.1 An interlaboratory test program e SORAUCESD 46 +  + « 1 X2 L R¢pcatability concerns the variability between indi-
develop information comparing Kapppsanc i,;é b é :fﬁr.c;élil: o ?*Vidual 3¢ etesults obtained within a single laboratory by a

dentation hardness tests made 331§ ficaspldDegs I8P auto-
mated image analysis system&‘ﬁr!d 'by.’ ﬂ{e: Sahtlhrd manual

procedure. Four ferrous speelmens Were suseds dn the test

program (see Research R.e.ppfl: IEIRE(M 100’6

LA N N N
LR N X NN N N
2086086000\
AR R N N N RN RN
208

X2.2.1 This mterlaboratory‘test.prbgram pr@vuies inforinbe
tion on measurements of the Same mdentatlons magig:lgz

different laboratories using two different mea';urmg Jnethods
according to the procedures of Practice E6Qlsesesi088e”

X2.2 Scope

..
*e

X2.3 Procedure

X2.3.1 The test was conducted under controlled g(.)nditions
using loads of 100 gf and 300 gf. Ten Knoop and ten Vickers
indentations were made for each load, a total of 40 indenta-
tions. The participants in the test program measured the same
indentations on the four specimens. Seven laboratories mea-
sured the specimens using both procedures. The results of these
seven sets of measurements were used for the analysis. The
Knoop indentations on specimen C1 were too long for accurate
measurements (0 be made by one lab; hence, only six sets of
measurements were made on this specimen. Near the end of the
test program, specimen Bl was lost in shipping; thus only six
sets of measurements were made on this specimen.

single dp&rhtor with a specific set of test apparatus. For both
thes dladial and automated measurements, the repeatability
iltédal increased with specimen hardness and decreasing test
«$ared,"Tables X2.1-X2.4, and Figs. X2.1-X2.4. For equivalent
: 'Eesting conditions, the repeatability interval for automated
measurements avas slightly larges ¢han for manual measure-
ments.

X2.5 ReR

x2.5.1 ﬁepmdumblhty (i@a'ls -wpth the variability between
single teyst results-ebtalned by d&ﬁferent laboratories applying
the same test methods to the Same or similar test specimens.
For both the manual and automated measurements, the repro-
ducibility interval increased with specimen hardness and de-
creasing test force, Tables X2.1-X2.4, and Figs. X2.1-X2.4,
For equivalent testing conditions, the reproducibility interval
for automated measurements was slightly larger than for
manual measurements.

*e e LR N ] L

*® s’ e

LA N N ]
e ®

A wbo0e" "

I RSN N

cibility

X2.6 Comparisons

X2.6.1 Neither Practice E691, nor any other ASTM
standard, deals with comparing test results of a single property
made by two different test methods. Hence, it is not possible to
statistically and accurately compare the hardness measure-
ments made by the manual and automated procedures.
However, this information is graphically represented for com-
parative purposes, Figs. X2.5-X2.8.

15
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TABLE X2.1 Precision Statistics for Manual and Automated Knoop Tests at 100 gf Load

Manual
Spec. Labs Mean Sx Sr SR r R
Ct 7 228.62 6.88 9.30 11.18 26.03 31.32
D1 7 344.80 10.54 9.80 14.06 27.44 39.38
A2 7 491.48 28.67 14.87 31.95 41.83 89.45
B1 6 901.67 62.40 21.17 65.55 59.28 183.55
Automated
Spec Labs Mean Sx Sr SR r R
c1 7 232.07 7.29 9.54 11.62 26.72 3255
D1 7 348.97 10.74 9.54 14.04 26.70 39.32
A2 7 510.13 30.35 19.53 35.56 54.69 99.56
B1 8 914.72 57.82 29.22 64.13 81.83 179.56
PN
LA N
TABLE X2.2 Precision Stafistidsefor Manual and Automated Knoop Tests at 300 gf Load
EEEXEN N RN XN Manual
Spec. Labs Mean 10600 eNessse. Sr SR r R
C1 6 215.81 b4 : : :5.49" : : : : . 7.66 9.10 21.44 25.49
D1 7 330.64 P oo 6.90 enee: 7.49 9.97 20.98 27.92
A2 7 466.95 : : 1799 % : . 11.45 21.02 32.06 58.85
B1 [§] 827.47 cooe 20.41 N 16.13 25.51 45.16 71.43
ces Autopgted o e o
Spec. Labs Mean [ Sx sessEpocse SR r R
C1 6 21782 o 573 c0ses  seeWessss. 8.68 19.24 24.31
D1 7 335.76 M “pPgeeesse sess. 14.50 23.03 40.61
[ EE R AR SN E N NN seso s
A2 7 476.97 .s cecose seos 25.51 29.58 71.44
B1 6 8219077 | ez i B M 26.70 30.50 74.76
-8 80 * e - LI N4
*e * e LR
LR R J LR L
7600 LR J L ] ’
TABLE* X2 aitstics for Manual anti*#utémated Vickers Tests at 100 gf Load
#0008 LR 2 & 008
cecesce .e Mad
Spec Labgteseee **  Sx se00 5y SR r R
Ci es 6.36 - 6.82 9.07 19.10 25.40
D1 e 607 7.65 . 9.46 e ee 2143 26.50
A2 oo 2158 . 1229 evone 24.53 co - 6342 68.69
B1 ** 4601 .t 2402 **° 51.35 sree %725 143.77
TR E N NN ¥ + o 0o Automated AL RN N
Spec Labs T e s M&an SX eeee Sl Lveoe SR R
C1 7 203.30 . b 6.&:)4' : : : : 6.47 ¢ “ : bl . 9.27 25.95
D1 7 299.78 14636 00w 523 e ve. 1519 42.54
A2 7 482.86 16.50,2¢ > 235,69 99.93
B1 6 808.17 21.30 51.82 145.09
TABLE X2.4 Precision Statisties for Manual and Automated Vickers Tests at 300 gf Load
N Manual
Spec. Labs Mean 3x Sr SR r R
C1 7 197.07 3.40 5.32 6.09 14.91 17.06
D1 7 298.91 5.47 7.38 8.89 20.68 24.89
A2 7 474.58 18.00 12.45 21.53 34.88 60.28
B1 6 810.60 29.67 16.50 33.55 46.21 93.94
Automated
Spec. Labs Mean Sx Sr SR r R
C1 7 196.37 6.44 5.57 8.33 15.60 23.32
D1 7 297.88 10.42 6.69 12.20 18.72 34.15
A2 7 483.72 18.96 12.30 22.26 34.44 62.34
Bi 6 809.55 20.55 11.60 23.31 32.49 65.27
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X3. RESULTS OF INTERLABORATORY TEST OF THE MEASUREMENT OF MICROINDENTATIONS

X3.1 Introduction

X3.1.1 The interlaboratory program was conducted on
steels to develop precision statistics for Knoop and Vickers
tests (see Research Report RR:EO4-10()7).7

X3.2 Scope

X3.2.1 Twenty five laboratories tested six steel specimens
for Vickers hardness and thirteen laboratories tested the six
steel specimens for Knoop hardness, all as a function of test
forces ranging from 25 to 1000 gf, except for the hardest
specimens.

X3.2.2 The precision statement was determined through
statistical examination of results from twenty-five laboratories,
on six ferrous materials. These six ferrous materials were
described as:

Specimen A: H13, mill annealed, hardness less than 20 HRC

Specimen B: H13, austenitized, guenched, and tempered to ~ 50 HRC
Specimen C: H13, austenitized, quenched, and tempered to ~ 40 HRC
Specimen D: H13, austenitized, quenched, and tempered to ~ 30 HRC
Specimen E: Of1, austenitized, quenched and tempered O1 steel to ~ 60 HRC
Specimen T: T15, P/M, austenitized, quenched and tempered to ~ 67 HRC

Note X3.1—To judge the equivalency of two test results, it is
recommended to choose the material closest in characteristics to the test
material.
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i’
X3.3 Results

X3.3.1 Details of this study can be obtained from ASTM;
request Research Report RR:E04-1006.°

X3.3.2 Repeatabilitv limit (r)—Two test results obtained
within one laboratory were judged not equivalent if they
differed by more than the “r” value for that material; “r” is the
interval representing the critical difference befyeen two test
results for the same material, obtained by thgs §dpe operator
using the same equipment on the same dhysil dBe same

Iabora[()ry_ ,es00000000

X3.3.3 Repeatability limits in diagopl J8dgthg s@33) are
listed Table X3.1 and Table X3.2 and id Haddness didse(HK,
HV) in Table X3.3 and Table X34, ecee’ R

LR N R J AN
LR N B

for that material; “R” is the interval representing the critical
difference between two test results for the same material,
obtained by different operators using different equipment in
different laboratories.

X3.3.5 Reproducibility limits in diagonal lengths (um) are
listed in Table X3.1 and Table X3.2 and Fig. X3.1 and Fig.
X3.2 and in hardness units (HK, HV) in Table X3.3 and Table
X3.4 and Fig. X3.3 and Fig. X3.4.

X3.3.6 The above terms (repeatability limit and reproduc-
ibility limit) are used as specified in Practice E177.

X3.3.7 Any judgment in accordance with statements X3.3.2
and X3.3.4 would have an approximate 95% probability of
being correct.

LR N ]

X3.3.4 Reproducibility limit (R)—TWg' test results shall R oo es X3.3.8 The data are listed in Tables 1-4. and are shown

judged not equivalent if they differ by thbre than the ¢RYS

’ 2980060000000 000000 0

(XN N ]

svalu€ ¢ s sdrhplikally in Figs. 1- 4.

4.0; e e8 [ A AR N R Ed 4900989
TABLE X3.1 Precision Statisticedems an Interiaboratewys Study of the Kmoeop Microindentation Hardness Test for Ferrous Specimens in

LA N R NN LA RN R RN RN NN

)...'.Q......’Diagonal Uﬁii&'ﬁji‘n‘)

Specimen Test Fc:(o.e: : : 4 : :A\?!:a : Standard + : :Fzzgatability Reproducibility Repeatability Reproducibility
(gﬁ), ese P B E:1ahalst . Devialion 4 ¢ ¢ e se3iandard Standard Limit (um) Limit (um)
es00er - (:,lm) . (um) -« & e e o)cyiation Deviation

4006000 L g L s0 00~
sesee- coe . sem (um) (pm)
Leesese desee S S Sr r R
A feedeces. $dloee 1.49 072 e0s 154 7200, 200 4.31
"5!):::::;‘ %‘.‘H : 1338 1.11':' 1.66 :"'.:’ 3.12 4.66
dleesces. 7ablele AES 17% 0 van 228 seses 495 6.40
3007000 132.28*°** ;%Y 25pee” 3.50 - ‘o 7.20 9.79
o e . LUK ) sre 00 C CoeBoe

500 1%1.51 . oo 2000 “didmee 302 e0- 10 6.89 8.45
1000 bbby 298 "%, 31680 2088 820 8.84
B 25 [ X) @.48 Teoo 1.04 ree 1.34 2.91
50 . “0.56 Tt 107 e2tll 157 2.99
100 (34 0.65 1.26 1.82 3.54
300 bt 0.88 1.59 2.45 4.46
500 : 1.1 1.95 3.1 5.46
1000 1.52 2.14 4.25 5.98
C 25 0.49 1.4 1.38 3.93
50 0.50 1.22 1.39 3.43
100 0.64 1.20 1.79 3.35
300 0.81 1.44 2.26 4.03
500 0.83 1.68 2.33 4.69
1000 1.19 2.08 3.33 582
D 25 0.46 i 1.28 3.12
50 0.46 0.95 1.30 2.65
100 0.67 1.24 1.89 3.47
300 0.82 1.19 2.29 3.33
500 0.74 1.33 2.06 3.73
1000 1.64 2.50 4.58 7.00
E 25 0.48 0.84 1.36 2.34
50 0.48 1.09 1.34 3.05
100 0.52 1.24 1.46 3.46
300 0.53 i 1.48 3.10
500 0.49 1.15 1.37 3.21
1000 0.85 1.48 2.39 415
T 25 0.48 0.98 1.35 2.76
50 0.47 1.12 1.32 3.12
100 0.52 1.52 1.46 4.26
300 0.65 1.51 1.82 422
500 0.66 1.26 1.85 3.53
1000 0.75 1.61 2.09 4.52

21



¢ E384 - 17

il

TABLE X3.2 Precision statistics for an Interlaboratory Study of the Vickers Microindentation Hardness Test for Ferrous Specimens in
Diagonal Units (pm)

Specimen Test Force Average Standard Repeatability Reproducibility Repeatability Reproducibility
(gh Diagonal Deviation Standard Standard Limit (um) Limit (um)
(um) (pm) Deviation Deviation
_ (Hm) (pm)
d S, S, Sk r R
A 25 13.89 0.75 0.30 0.80 0.85 2.24
50 19.81 0.61 0.34 0.68 0.95 1.91
100 28.10 0.57 0.45 0.70 1.26 1.96
300 49.19 0.75 0.72 0.99 2.02 277
500 63.65 0.81 0.88 3.16 2.47 1.13
1000 90.48 0.98 1.31 1.53 3.66 428
B 25 9.35 0.40 0.25 0.46 0.69 1.28
50 13.06 0.37 0.23 0.42 0.63 1.18
100 18.51 . 0.39 0.39 0.52 1.09 1.47
300 32.11ee 0.43 0.30 0.50 0.84 1.41
500 41.68¢ 0.51 0.36 0.60 1.00 1.69
1000 590204 » 0.55 0.52 0.72 1.46 2.03
C 25 i 0.19 0.56 0.54 1.56

50 JHsigs e e 0.20 0.46 0.57 1.29
100 e o 0.22 0.45 0.62 1.25
300 PRt 0.21 0.43 0.59 1.20
500 o o758 0.24 0.59 0.67 1.64
1000 M ) ) 0.33 0.65 0.93 1.83
D 100 e e e24 50 0430000000 0.29 0.50 0.82 1.40
300 v 4252 Lee 021 et eetee, 028 0.48 0.80 1.35
500 ¢ 5502, 220323050 seeeseees 0.55 0.70 154
1000 7.8.14‘ *0 00 .QZO LR RN BN ] ‘)34 077 097 215
E 100 PRI 55 : sreceng 0.43 0.52 1.20
300 .ese . see e 25 0.46 0.70 1.30
L1510 it : st 020 0.46 0.55 1.30
B eee eee (24 0.48 0.67 1.29
T <l i v’ 017 0.49 0.49 1.38
20580 ¢ 31908 51 seeser 021 0.55 0.59 1.53
cestdd 2 508 0.25 055 0.69 153
. w s 9000
» »9080 - s
;. oo LR N ] ®
e »e * 40
ER N ] I AR N 20000
1900 LN N N . LY N
LA B N J RN B N7 Cvosoeo "~
2080 AR R N N N J s00” i @
LN BN J r e N~ e »e X NN )
*0 0 L X} AN N 180
*e® e tTo o Te 0
* 0 - “ode ER R B R N N
ee [ I
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TABLE X3.3 Precision statistics for an Interlaboratory Study of the Knoop Microindentation Hardness Test for Ferrous Specimens in
Hardness units (HK)

Specimen Test Force Average Standard Repeatability Reproducibility Repeatability Reproducibility
Diagonal Deviation Standard Standard Limit (HK) Limit (HK)
(pm) (HK) Deviation Deviation
(HK) (HK)
d 8, S, Sk r R
A 35.61 22.07 11.35 24.29 3156 68.41
51.77 13.64 11.39 17.03 32.05 47.98
74.84 11.20 12.02 15.49 33.68 43.61
132.28 9.70 9.48 12.91 26.60 36.21
171.51 5.84 6.94 8.52 19.45 23.86
243.11 3.41 5.86 6.26 16.43 17.52
B 23.66 51.07 25.79 55.92 72.09 157.50
34.33 33.07 19.70 37.65 55.27 105.55
49.61 26.11 15.15 29.38 42.45 82.72
88.64 17.04 10.79 19.49 30.04 54.74
11548 . 15.52 10.28 18.02 28.75 50.50
164.38 oo 10.57 9.74 13.71 27.24 38.34
c 27.62 Seeees. 44.96 16.55 47.67 46.65 134.05
11.57 28.24 32.19 79.67
) . 10.01 18.78 28.02 52.50
10§ 6 6.89 12.24 19.22 34.29
wWeH9 067 5.35 10.83 15.03 30.26
g r:rh:2d } 5.36 9.37 15.01 26.24
D o 8@l ] 10.94 26.42 30.48 74.60
. ees 7.36 15.20 20.80 42.46
26022 1000 720 13.33 20.32 37.34
o %13.94 ee o0 edll 6.87 13.22 19.23
2148.18 b 4 5.82 9.01 16.32
21010 « PR PRE-eoes 7.67 14.06 21.49
E . S ul 74.54 120.86 208.90
. seeere 63.44 78.02 178.37
ve eecelbs 46.94 55.28 131.37
teTaOR e ) ;32224030 21.56 28.76 60.27
cebdies . ees 713 16.74 19.94 46.74
b 5 2%’ 851 14.81 23.92 4155
T .i% o 6785 138.69 191.33 395.07
e 39.91 95.19 112.23 266.90
° 8% 28.75 84.10 80.77 237.05
ob 18.1Q 42.06 o0 50.70 117.74
b 1963 ¢ 2607 7 e 38.28 73.09
Wb 1048 2238 °%% .8 29.07 62.90
e e e
L] N X N7 Cwveo0o0o~ "
. AR N N N N J 40 0” 0
LN ] r e e e *0 08
.0 L X} AN N e e
LR ] 0 T8N To@
* e - “o00 CE N B R N XY
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TABLE X3.4 Precision statistics for an Interlaboratory Study of the Vickers Microindentation Hardness Test for Ferrous Specimens in
Hardness units (HV)

Specimen Test Force Average Standard Repeatability Reproducibility Repeatability Reproducibility
Diagonal Deviation Standard Standard Limit (HV) Limit (HV)
(um) (HV) Deviation Deviation
(HV) (HV)
d S, S, Sk r R
A 13.89 25.99 10.38 27.73 29.46 78.52
19.81 14.56 8.11 16.23 22.69 45.77
28.10 9.53 7.52 11.70 21.08 32.84
49.19 7.01 6.73 9.26 18.90 25.94
63.65 5.83 6.33 22.75 17.78 8.13
9048 4.91 6.56 7.66 18.34 21.45
B 935 ees. 4541 28.37 52.24 78.48 146.56
13.06 2000, 3081 19.15 34.98 52.51 98.63
18.51 200 ee e o0 2381 22.81 30.42 63.85 86.24
321l ececeeeeddes 10.08 16.81 28.24 47.43
4168220022 004306 9.22 15.37 25.62 43.32
59&{ XX PP el 9.29 12.87 28.09 36.29
c Josre *e8895 13.95 41.16 39.69 115.71
obdd e . 10.71 24.64 30.54 69.32
2?4 s 840 17.18 23.67 47.79
G665 oo 467 9.56 13.12 26.70
42568 pdy Bl 10.09 11.46 28.07
%7.60 see800. 7.80 11.17 21.98
D 24.5Q o o P -1 4N 12.61 20.69 35.36
425300 cesnmme 6.95 11.58 19.55
40000 28080
5bdd e e JeeRd8 6.12 7.79 17.15
,7h98e Ll 5.99 7.54 16.72
E LU NN . . eeesp/ 55 41.94 50.73 117.35
cer LlevubBaet 2255 ,eeveel3rs 25.30 38.50 71.56
gopssse eeemspaee 1819 ssseer 846 19.46 23.27 565.03
P § T 1212 ,eeeee  7.10 13.60 19.81 38.15
T ouGe e 38.12 *eee- 13.79 39.74 39.74 112.09
I A LS AR FR N
Cidbes 31.75 13.07 34.24 36.73 95.35
urIgee 21.59 10.80, | 2375 4 eee 29.80 66.11
LR RN R N R N RN [ N R N N ] 0 ro08e
200690000 [ N N N N ] ;. LR N ]
AR N B N B J 20 L
"so 0 e 400 I AN Y
~e e,
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FIG. X3.1 The Relationship between Reproducibility (R) and Diagonal length (d) from Table X3.1 in pm units, for the Knoop Hardness
Tests for Specimens B, C,D,Eand T
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R = 0.0103 * Diagonal + 1,112
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FIG. X3.3 The Relationship between Reproducibility (R) and Diagonal length (d) from Table X3.3 in HK units, for the Knoop Hardness

Tests for Specimens B,C,D,Eand T
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Vickers Reproducibility
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X4. RECUNIMERD FOR LIGHT FORUY SMICROINDENTATION HARDNESS TESTING

X4.1 Introductioy s22 ¢

HH -
g

IXE R NN )
LR N
s »

X4.1.1 Microift@h{fihs hardnes$ DI Mg dterials cang be de-
termined using a varldty oFIddds to foldd I indentel into the
test piece. Testing is cohdidefed to be usihga lightfbide when
the force in use produces indentations with a’diagenal dength of
less than 20 pym. Both Knoop and \zlekers hacén@ssonumbers
increase in proportion to the 1nveme :(gf: glgq :sguare of the
indentation diagonal length, Eq 2 and-Eq ok +Fhus, hardness
numbers obtained from indentations w1th:qllgtgggals measuring
less than 20 um are much more sensitive to yafiations of a few
tenths of a micrometer in the actual or measured length of the
diagonals than hardness numbers obtained by measuring larger
indentations. Creation of valid indentations, and the accurate
measurement of their diagonals, becomes even more impera-
tive as the indentations become smaller. For example, consider
a material with a Vickers hardness of 500. For a force of 100
ef, the diagonal length would be 19.258 um. To maintain an
error of = 1 %, the accuracy of the diagonal measurement must
be < 0.096 um. Similarly, for a material with a Knoop hardness
of 500, when tested with a 20 gf force, the diagonal length
would be 23.86 um. To maintain an error of = 1 %, the
accuracy of the diagonal measurement has to be < 0.12 um.
Measurements to this level of accuracy are impossible to
achieve by light optical microscopy. Because of the inherent
difficulties involved in obtaining and measuring indentations
with diagonals less than 20 um, and the increasing effect of
possible indentation or measurement errors, light force micro-
indentation hardness testing requires precautions in addition to
those normally necessary. Small indentations may be due to
high test piece hardness or the use of light forces, or both. In
cither case, some of the concerns involved with obtaining
accurate hardness results are addressed in this appendix.
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X4.2 Scope

X4-2 i These recommerdagions provide guidance and sug-
gest'addltlonal precautﬁ) .s fgr microindentation hardness test-
ing $dth the measured jdentation diagonals are less than 20
UM Bt tgngth.  g2tD.S

*e LR NN )

Ne . 100 0e

Tee
ERL R BN N N
vemr - an
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X4.3 Envirohiment

X4.3.1 Vibration:

X4.3.1.1 Vibration of the microindentation hardness tester
during a light force test can cause a large percentage increase
in the measured diagonals. Reasonable accuracy and precision
can only be achieved when the test instrument is isolated from
vibration as much as possible during testing. Use of an
isolation table or isolation platform is mandatory. Airborne
vibrations in the vicinity of the test instrument, such as air
currents and loud noises, are to be avoided.

X4.3.1.2 It is recommended that test instruments not be
located above the ground floor of the building due to the
increase in vibration usually experienced by the upper floors.
Test instruments should be located in areas away from machin-
ery that may cause low (<20 Hz) frequency vibrations, since
low frequencies are more easily transmitted through isolation
tables and platforms.

tTe o

X4.3.2 Level—Microindentation hardness testers must be
level in order to obtain usable information. Errors due to minor
un-leveling become more important as the forces become
lighter.

3.3 Temperature—Control of the temperature of the
specimen, testing instrumentation, and surrounding area should
be considered. It is recommended that these temperatures be
maintained at 23 = 3°C. As the length of the measured
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diagonal becomes smaller, it may be necessary to increase
control of temperature to reduce variability.

X4.4 Specimens

X4.4.1 Specimen Preparation:

X4.4.1.1 Usually, test pieces require mounting. Care must
be taken to ensure that the specimens are well supported in the
mounting material, and that the surface to be tested can be
placed into the test instrument such that iewsld be normal to
both the loading and optical axes. e E E E E E E E N

X4.4.1.2 The surface properties of the %gstegpryhmen must

not be altered due to specimen pregafdtign. * Wil gitographic
specimen preparation should be p&i¥¢inted ustlg sdccepted
techniques known to eliminate all pl&fatation-indut®{ defor-

X4.5.3 Diagonal Measuring Device—The measurement
technique and the devices used to perform the measurements
should be capable of discerning differences in length of 0.1 um
or less. In some cases, it may be preferable to obtain a
photomicrograph of the indentation first, and measure the
length of the diagonal as seen in the photomicrograph. In all
cases, calibration of magnifications and measuring devices is
necessary.

X4.5.4 Accuracy of Forces—Often, small indentation diago-
nal lengths are the result of the use of very light forces, in many
cases 10 gf or less. Force accuracy of £ 1.5 % is required. For
light forces, this requires that no oils, dust, or other minor
contaminants be present. For example, when using a force of
2.0 g, contaminants with a total mass of more than 0.02 g

mation on the test surface of the ¥pécimen. Light etchings s s fender the results of the test invalid.

followed by light re-polishing may bé ‘used to furtheredect@ase s
the thickness of any deformed layer. Eleciropeﬁhmg ma&i
provide surfaces essentially free of dofemRation elue ¢@ pf@p.a

2000000000000

ration when properly performed JArcns s10r Dee tosta anust

appear flat in the field Uf*ﬁ)cus 'Gf' e rmero-seepe Used to

measure the diagonalg pf me in dppgz;tm‘ .
X4.4.1.3 The sorfadgs 30 he 1asted shduld be as cleag 2828

possible. Care musiSiken t§ avoiflshifthle contaminantg §i342 *

may be absorbed $8®s de surfaces ¥ esbhle materials shh as

pOlymerS or Ce‘am“o .o escone

X4.4.2 Mzcrost'rﬁéwié of.SpeczmérzTIﬁ the mlcmstructure
of the test piece is OR ¢Ad same size $&ale as thesindlentation
diagonal length, an incréase in the wariabality ofstheshardness
data should be expected. Indentatiéﬁs placedé\:v;tﬁi:r; a single
grain will experience resistance to«ie{ermatrm somewhat
dependent on the orientation of that*gmgn; l;q gf;e fest surface.
Since these orientations are normally, 134 variability of
results is increased. Indentation diagond]:Bhgths can vary
depending upon the number of grain bounddries traversed by
the indentation. Multiphase material systems will provide
indentation diagonal lengths that may be proportional to the
volume percentage of each phase included within the volume
of deformation caused by the indentation. In the above cases,
an increase in the number of measurements taken will be
necessary to provide meaningful results.

»
..
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X4.5 Instruments

X4.5.1 Magnification of Microscope—Classic microinden-
tation hardness testers make use of optics that usually provide
magnifications from 400 to 600x. Higher magnifications are
required when performing light force testing. Specimens may
be removed from the test instrument following the indentation
operation, and the diagonals of the indentations measured
using a separate high quality light (or SEM measurements, see
X4.7.1) microscope capable of providing higher magnifica-
tions.

X4.5.2 Optical Quality of Microscope—Use of highly cor-
rected objectives with numerical apertures of 0.9 or greater is
recommended. Use of dark field illumination or differential
interference contrast may improve the contrast of the image
and also enhance the user’s ability to detect the ends of the
indentations.

’
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*s0e

ee22X4.5.5 Loading Rates—When using light forces, the impact

fitglg indenter on the surface of the test piece can cause
fondficant inaccuracies to occur. Use of the slowest loading

T3¢ ravailable for each instrument is recommended.

L
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55(4.5.6 Indenters—GQGreater repeatability, accuracy, and pre-
tision may be obtained by the careful selection of indenters.
Verification of the included angles of the faces, the degree of
mismatch at the vertex, and the sharpness of the edges are
appropriate criteria for the selection of indenters. Using the
manadicturer’s certificat?dn, $he exact indenter constant should
becalculated and used' (0" minimize errors.

IR R N *ee oS

LA N N4 LA N

‘X446 .\Measuremenﬁ of Yadentations

' e *e LR N A J

.+ X4.6.1 Indentations ¥0dt"do not appear symmetrical should
ot be considéred validlafof 8fagonal measurement. A difference
in symmetry greater than 10 % should be addressed with
concern. If consistently asymmetrical indentations are
obtained, the alignment of the specimen to the indenter should
be adjusted. If the problem persists, the microindentation
hardness instrument should be serviced by a qualified techni-
cian.

X4.7 Scanning Electron Microscope

X4.7.1 Measurement of indentation diagonals using a scan-
ning electron microscope is possible. However, careful cali-
bration of the SEM photographic image at the exact magnifi-
cation to be used is essential. For these measurements, the
specimen must be perpendicular to the beam, that is, the tilt
angle should be 0°. The accelerating voltage and other param-
eters should remain as they were for calibration. (The SEM
should be calibrated in both the X and the Y directions; refer to
Practice E766. Indentations to be measured should not extend
to the periphery of the SEM field of view, as the video signal
can be distorted at the edges of the video monitor.

X4.8 Video and Automatic Measuring Systems

X4.8.1 Typical video or computerized measuring systems
lack the necessary resolution for obtaining acceptable results
when indentation diagonal lengths are less than 20 pum. Loss of
resolution within the digitized image can cause a substantial
decrease in the accuracy of the measurement. Extremely high
resolution video cameras and monitors, when appropriately
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assembled into a measuring system, may be capable of
resolution sufficient to provide accurate results.

X5. A PRIMER ON CHOOSING THE INDENTER AND TEST FORCE

X5.1 Introduction Knoop indents while Fig. X5.2 shows this relationship for

X5.1.1 Users of E384 often ponder over which indenter they Vickers indents. As the test load decreases, and the hardness
should use for a given problem and also \yl:iissgl;test force is best  rises, the slope of .the curves }Cor Qiagopal versus ha.rdr.less
for a given evaluation task. Although iE ?92 ?3912 glaimed that becomes nearly vertical. Hence, in this region, small variations
etching of a specimen can lead to bad hmsdmese data, is that in diagonal measurements will result in large calculated hard-
only true for a deeply etched spegtmen.peeforeall etched  ness variations.
specimens? The constancy of Vick ynesse %1 wide test - .
I(I))a d range has been clai?n ed 1o Ifggélcgd.r for %%%3 <100 of. X5.2.2 If we assume that the r§peatab111ty of the diagonal
Knoop hardness does vary with @Sé toad, but by hdv_v much? measurement by the average user is about = 0.5 um, and we
Can anything be done to determ3pHK ’ equivalent daeed « +« add and subtract this value from the long diagonal length or the

U 500

lower applied forces? This appendfx offers exagplds for Wbake & 2 auean diagonal length, we will calculate two hardness values.

to study and pick up advice to help kel o3d S083ions *dse o o EIEfEeiciiﬁerence between these values is AHK and AHV, shown
effectively as possible. L, L ltssscesesseses e s and3e. X5.3 and Fig. X5.4. From these two figures, we can see

Lescest ,EESEEEEEEEESEE:::. e hpw the steepness of the slopes shown in Fig. X5.1 and Fig.

X5.2 Influence of the Efjhhtiond NeDing M Veand HK oif 5 22 5.2 will affect the possible range of obtainable hardness
Precision [2002r 22220202 ,eesss values as a function of the diagonal length and test force for a
X5.2.1 The bqéé E‘iei{mtl(;f;sz i)ﬁ}s]igs and HV, thr;;&,gegz’ relatively small measurement imprecision, *+ 0.5 um. These
applied force is:ppfiflied by a gdieddc constant (B & %t figures show that the problem is greater for the Vickers
Eq 7, respectDEIDS and then diyddgledy the long diagonal indenter than for the Knoop indenter for the same diagonal
squared or (e ol diagonal sqfsiklls tespectively, cause an  Jgngth and test force. Fog thye same specimen and the same test
inherent problethtiheddddying snldit tldents, that§ diagonals  fQfce, the long diagondl,@f the Knoop indent is 2.7 times

<20 um in length, Ted s &5l Shows Mksdalculateliadlationship  eI&@d than the meddt DY Yhe Vickers™ diagonals, as shown in

between the diagonal fid load amd the fesulting hirdness for 17 Fig.X5.5. vees'e
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FIG. X5.1 Relationship between the long diagonal length and the Knoop hardness as a function of the test force. Note how the slope
of the lines becomes more vertical as the test force decreases.
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HV Versus Force and Diagonal
1200 T . \ :
1100 i i i i
B 1\ v\ A
1000 e ;
900 . — :
> goo |t '
= 1 \§ vy \ 1000 of
& 700 ; ;
@ 600 L] N\ >
c BN b N500gff ™
T 500 BRI
",
8 400 ;ﬂgz'::‘s::\ N\ >
m I Xt Py b
XX X1 0 '} -:&}\ocv Y . \ Sy
300 sy i -~ < =
4000} 0: . M s \-...
200 :Si{xggf N ”\\’;'3‘“ N MMM = ~—]
100 c:r. \ u.:ot:..:c “‘ Y e “““‘;:n:tu\g -
0 i eeasded Of st HOGR | 100 of 200 gf |300 of
0 .:Z:i teeeddes. 3!3::2:2453; 50 60 70 80
,..:!;' .ZZ:I!::Z::Z;:"M&EH ﬂiavganaf, um
FIG. X5.2 Relationshﬂﬁs‘t&feen ifie meam :d;agona! length and thesVickers hardness as a function of the test force. Note how the slope
seeees’ % bllkdllnes becomes njdrpiettical as the test force decreases.
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FIG. X5.3 Plot showing the possible range of Knoop hardness due to a = 0.5 pm measurement imprecision as a function of the diago-
nal length and the applied test force. The resuits are plotted for materials with a maximum HK of 1100-1200. Note that the problem for
specimens with diagonals =20 um is greatest for 10 and 25 gf test loads
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FIG. X5.4 Plot showing the posmf)fe ranga s of Vkkérs hardness duedtoes t:O 5 pm measurement imprecision as a function of the diago-
nal length and the appligd I} JSrcé¢ .+ THeY %508 s are plotted for $31@&id1S with a maximum HV of 1100-1200. Note that the problem for
. o302 ispebtinéns Wil Hiagonals <20 pifilis Yleatest for 10 to 100 of test loads.
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FIG. X5.5 Relationship between the Knoop long diagonal and the mean Vickers diagonal for equivalent hardness {(per E 140) at a 500
gf test load. The Knoop diagonal is 2.7 times longer than the Vickers diagonal.

X5.3 Consistency in HV for Specimens as a Function of
Test Force and the “Load-Hardness” Problem

X5.3.1 Numerous studies of Knoop and Vickers tests made
on metals over a range of hardness and test forces have shown
an inconsistency in the hardness values, the so-called “load-
hardness” problem. For the Knoop indenter, because the indent
cavity is not geometrically identical as a function of indent
depth, the hardness should vary somewhat with test force.
Because of the difficulty in measuring small indents, and the
influence of small variations in measurement, this inconsis-
tency would be expected to be greater for high hardness
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materials than for soft materials. On the other hand, the Vickers
indenter does produce geometrically identically-shaped indent
cavities as a function of depth, so the Vickers hardness should
be constant with test force. However, many studies conducted
using test forces <1000 gf have shown deviations from
constancy at test loads <100 gf. In almost all cases, this
problem has been attributed to interactions between disloca-
tions and the indenter at these low loads. A review of more than
60 publications (9) about such studies has revealed four
different published load-HV trends. They are (from most
common to least common): (/) at test loads <100 gf, the HV
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decreases; (2) at test forces <100-200 gf, the HV rises slightly
and then decreases; (3) at test loads <100 gf, the HV increases;
and, 4) at test forces from 1000 gf to either 10 or 25 gf, the HV
was constant. Trend number 1 was by far the most commonly
observed trend. An example of such a study (9) is shown in Fig.
X35.6. In this experiment, five indents made at each test force,
from 5 to 500 gf, were measured at 500X magnification using
five HRC test blocks covering a wide hardness range. Note that
trends 1 and 2 are observed in this data- {n (he interlaboratory
study (see Appendix X1 and (7, .z,_glj.m.trends were
observed for the same indents meqs:u:fgq bydifipgent laborato-
ries. The literature claimed thaf Pgcro-Viph&ditesters were
immune from this problem, howgd e Hb publidhied examples of
work like that shown in Fig.e e could be'found in the
literature for macro-Vickers tedérd ‘using test loads froag 130,
120 kef, or from 1 to 50 kef. Ceméquently, the same HRC 3t
blocks were evaluated as a fun@tion 9f ag@ke:d' foes Sorcd dkor -f.:
I to 50 kgf revealing results ()): .s;hpys:rg 513 .I?l :E}é":z (hat

exhibit trends 1 and 2 these Jndents e weses mouswred usmg
100X magnificationyg ;y:plgan}: py;q 'vglg 1 ,acro Vickers S

tems. These resulj$ $ichrly, $9g2est it the inconsistengy ifs
HV at low test §¢adse i g $0igded a3 teption problem, §0¢ %9’
inadequate resdif§94 and perhils; hflequate image LOhirhst.

LA N R N L N N ] RN

X5.3.2 If dighigremagnificatip sqrgics with high numerical
aperture rafifgs ages 0tjlized, caithe & 4oad-hardngss” problem
be overcome? Ips &3L Mis, Vidked$ dddents (sixg at each test
load) were made’dvil derdbige of {e%] Idrees vagide from 10 gf
to 10 kgf and the “ifidents were mdasureds 8ih objectivess s

o;ﬂo
‘........
- ..........

varying from 10X to 100X using saur HRCS t.e%t blocks with a s

range of hardness (18). Fig. X‘;R s-how:s-t}lab che results were” *
much better than those shown m Fw -X§6°§5 to 500 gf) and
Fig. X5.7 (1 to 50 kgf). All mdent‘s-madewrth a 10 gf load were
<8 um in length; all of the indents ma,ﬂp‘\yrth a 25 gf load were

.........

e
e

<12.5 um in length; and, all indents made with a 50 gf load
were <17.5 ym in length. Despite these very small sizes due to
the light loads, measurements using a 100X objective (0.95
NA) gave reasonably good data. The overall results are much
better than the results in Fig. X5.6 and Fig. X5.7, as well those
reported in (7, 8), the first interlaboratory study (Research
Report RR:E04-1004).%

X5.4 Variability in HK as a Function of Applied Force

X5.4.1 Unlike the Vickers square-based indenter, the
rhombohedral-shaped Knoop indenter does not produce geo-
metrically identical indent cavities as a function of depth and
the hardness should vary with the applied force. In general, this
variation is small over the range from 200 to 1000 gf. As the
force decreases below 200 gf, the increase in HK becomes
greater. Unlike the Vickers indents, the Knoop indents are more
tikely to be undersized than oversized when they are smaller in
Size. This error also increases the HK value and adds to the
hisual upward trend observed as the test force decreases. The
literature contains many examples of this trend. However, in
the first interlaboratory test (7, 8) (see Appendix X! and
Research Report RR: RR:E(04-1004) a few laboratories actu-
ally showed the opposite trend, decreasing HK with decreasing
test force below 200 gf, never published previously. The four
losk blocks evaluatedios -Vlckers hardness, Fig. X5.8, were also
valuated for Kne@p hafdness using six indents at each test

gire and a range'fr(nn'l() to 1000 gf. The results are shown in
$ig. X5.9. All of ¢herindents made with a 10 gf load were <20
¢ wirt jn length; 211 of 4h¢ indents made with a 25 gf load were

To e Yoo
“e oo EEL A N N N
LI e
8 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E04-1004. Contact ASTM Customer
Service at service@astm.org.
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FIG. X5.6 Vickers hardness as a function of test load from 5 to 500 gf for five HRC test blocks revealing trends 1 and 2. Measurements
were made at 500X.
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FIG. X5.7 Vickers hardqe.s§ia:s;a.f}lp§:ééli E:E ie:sg Ec:jaii:f;c;r;n"l to‘Si)Ekiqz ic;r five HRC test blocks revealing trends 1 and 2. Measurements
sissit s were, Fiagigat 100X.
B ¢ S HV of HRC Test Blocks
treepetes 900 iy - I ST
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a"f“ cecedececde 1t et
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FIG. X5.8 Vickers indents made on four HRC test blocks at test forces from 10 gf to 10 kgf and measured using 10X to 100X objectives.
The indents made with test forces of 10, 25, 50 and 100 gf averaged ~4.7 to 7.7 ym, ~7.5 to 12.2 ym, ~10.8 to 17.2 p and ~15.0 to
24.3pm for the four blocks ~ all but the 100 gf tests for the 44.7 and the 32.5 HRC test blocks were in the range =20 pm where mea-
surements are very difficuit.

<31 um in length; all of the indents made with a 50 gf load mining HK values, versus HV values, at low loads. However,
were <45 um in length; and, all of the indents made with a 100 the variation in HK with test force is a constraint to using the
ef load were <65 um in length. For the same specimen and test Knoop test at varying test loads and then trying to compare that
load, the Knoop long diagonal is ~2.7 times longer than the data to results from other hardness scales. Being able to correct
Vickers mean diagonal which improves the precision in deter- for this deviation would be advantageous.
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X5.5 Examples:qf titer Use of HK: and HHV at Variongs **

Loads tg E‘V}ltqate Specimppgs s

.....
LR N

metallographically and by microindentation hardness testing. A
few examples will be presented as an aid to the user.

X5.5.1 The me{aliogrugher is @fyer required to wse micro-
indentation testing 3¢ 31 pito, solvmg‘vapous Chggztpterlzatlon
tasks both for reseatcdf pafposes and*ipiprodug§@y work for |
process control and specification chpfornmfance (RS are many
such processes that are evaluated bDIR metgl3ddrdphically and
by microindentation hardness testiitg] &bt £33dple, case hard- *
ening by flame or induction hea(iig: :siliﬂacé scompositional
modifications followed by heat treaimieis «aein carburizing or
carbonitriding, or preceded by heat tréét%liérft, as in nitriding.
Banding and other forms of segregation-are evaluated both

ve 2(;5:.5.2 Inductionpéaicie.répg is widely performed but control
of the process can He, ¢halrenging because the heat is applied

JJoteonly a few secphtls-and there will be a substantial

e @thperature gradiQ] {idm the surface inward. Fig. X5.10

. showdsgyaluation off §H{e* induction hardened case of 1053
" carbon 3! using Krloob?und Vickers indents. The Knoop
hardness for indents made at 50 gf applied force are consis-
tently greater than the 200 gf Knoop values, a classic problem
with the Knoop test. The Vickers data at 100 and 200 gf is in

better agreement, but there are numerous locations where the

Induction Hardened 1053

900 - T
w 800 ‘
+ 700
% 600
§ 500
& 400
* 300

200 +— - ; T

o 1 2 3 4 5 & 7
Depth, mm
et 50 Of e 200 gf

Induction Hardened 1053
900 o
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=
T 700
& 600 e
§ 500
£ 400
+ 300 W‘-
200 - = ¥
] i 2 3 4 5 6 7
~a— 100 gf e 200 gf

FIG. X5.10 Knoop testing at 50 and 200 gf (left) is compared to Vickers testing at 100 and 200 gf (right) revealing relatively similar

hardness trends and illustration of the change from the hardened case to the unhardened core at the same location. Note the charac-
teristic increase in hardness from the surface to the end of the case. The Knoop indents reveal more of the minor hardness variability
but the 50 gf data are higher for the case than the 200 gf data, which is to be expected for the Knoop test. If the depth to an equivalent
HRC value must be determined, the increase in HK as the load decreases below 500 gf must be corrected in some way. The Vickers
data at 100 and 200 gf are in good agreement, although some of the 100 gf data points are higher.
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100 gt HVs are significantly higher than the 200 gf HVs. For
both tests, it is clear that the surface hardness is lower than at
the end of the case due to the temperature gradient and its affect
on grain size and retained austenite content. The transition
from the case to core is defined well by both tests. The core
hardness defined by both tests at all test loads are in good
agreement, mainly due to the larger size of the lower hardness
core indents.

X5.5.3 Carburized specimens are cogpmonly evaluated
metallographically and by microindentalidf s hardness tests.
Fig. X5.11 shows evaluation of the caftiriZetls case after a
subsequent hardening treatment for ane ERAleSarbed steel using
Knoop tests at 100, 200, 300 and 563 'gf andsVickers tests at
200, 300 and 500 gf. For the Vickers tosts, a (e force of 100
gf gave indent diagonals <20 um. @ensequently 100 f HV was
not used. The Knoop data at the §@@r test loads does show e ¢
continuous increasing hardness §%nd with decpgasintg sgste s
force, as expected, while the Vickers data gt the Hube st 1040e o
also shows some variation in HV, byg IS ahad 33¢ IR datd.e s

Both sets of data show a deqqt in hadddd$ 3238 I8 2388me,

applied loads from 100 to 500 gf. For the HV data, the
maximum case hardness was obtained with the first indent at
0.0127 mm for the 100 gf data, while the higher applied forces
revealed decreased hardness at the extreme surface with the
maximum case hardness at: 0.050, 0.051 and 0.050 mm for
applied loads of 200, 300 and 500 gf. The average case
hardness, Fig. X5.13, except for the 100 gf data, was higher for
the HV data than for the HK data. The conversion tables in
E140 list that the HV equivalent hardness is higher than the
equivalent HK equivalents for 67 and 68 HRC, while for 66
HRC and below, the equivalent HK value is greater than the
equivalent HV value. The tests shown in Fig. X5.12 agree with
that unexpected trend. Fig. X5.13 shows the average case
hardness and the hardness at the end of the case (the end of the
dark-etching surface layer at 0.14 mm)

X5.5.5 Segregation of various types is often evaluated by
imetallographic methods and by microindentation hardness
desting (see, for example, Practice E1268). While Practice
FIOEY utilizes microindentations, it is limited to determining

. :tlie; mean HK of the alternating bands (long axis parallel to the

surface, but this is defiaéd befter, Widi hesRASE3 Hala, excepts + ¢ hands). This procedure can be expanded as shown in the
for the 200 gf data. Abehdsc” teslewancs parfdrmed at differarits « « following example for an offshore plate steel (Fe — 0.13% C —

locations along the custaes, e 200 :g:f:result at the surbaces s’

could be due to a Qé@ééﬁti@ﬁfiﬁi&ééiéﬁural difference;zititliét: ’
location. The Knoopssurface hardiyess gam for the 300 and 500
of indents are;dentieal,

X554 Nitria;:(il Séastgss flgq alsci Efée:qilizntly eva.héated both
metatlographically und =seitly microindgrgation hardness tests to
define the effective case depth. Thgre aref numbgreQf nitriding
processes and some, like ion-ffifriding agq sfelgitic nitro-
carburizing, do exhibit very thin c§gdaghers 38¢ Khoop indent.
is required. Those with thicker cadeds §3&% 3¢ ¢ nitrided H13
mold (no compound layer) showi i s8ige eX5.12, can be
evaluated using either the Knoop or fhes Vickers indenter. As
expected, the HK values using test forc‘e's:‘fl'rom 100 to 500 gf
show a wider spread in HK at all locations compared to the HV
data. For the HK data, the maximum case hardness was
obtained at a depth of 0.021, 0.030, 0.045 and 0.050 mm for

-
e

.

1.40% Mn — 0.33% Si — 0.026% Nb) with bands of ferrite
alternating with bands of variable martensite, bainite and
pearlite content. Several parallel bands of HV and HK indents
werg Jmnade over the sange segregation bands at each test load
T8k 25, 50, 100, 200, 30Q 'and 500 gf (only HV at 500 gf —
resulisanot plotted héres HK indents at 500 gf were too long to
:néeéa:sﬁre) as shown in ﬁé."—XS.M.

st X503.5.1 The sy 3¢dts can also be examined by plotting
the medy 3gd standal@ Hgyiations of the measurements with
each indenter at eacH I€st forCe, as shown in Fig. X5.15, and by
plotting the maximum and the minimuom HK and HV value at
each test force, as shown in Fig. X5.16. Note how the
minimum values do not change much, regardless of the test
load or indenter type. These identical trends have been ob-
served in all such banded specimens evaluated by this tech-
nique.

Carburized 1141, Q&T

.75
Depth, mm
—o— 100 gf o= 200 gf -~=- 300 gf —=—500 gf

025 05 1 125 L5

Carburized 1141, Q&T

%Qw

‘ 0.78
Depth, mun
e 200 g e 300 gf - 5004f

025 05 1 1.25 15

FIG. X5.11 Evaluation of the carburized surface of 1141 carbon steel after heat treatment using four iest forces for the Knoop indents

(left) and three for the Vickers indents (right). Note that three of the test forces using the Knoop indenter revealed a decrease in hard-

ness at the extreme surface but this was not detected as well using the three test forces and the Vickers indenter. Retained austenite
was present in the case to a depth of ~0.32 mm while grain boundary ferrite began to be observed at a depth of ~1.25 mm.
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Nitrided H13 - No Compound Zone

0.1 0.2 03 .

gepthi m’ﬁ: LN BN

e 100 gf =-w 200 gF -~ $ 3OLA 35500 of

2060086060060 6

04

L N

Nitrided H13 - No Compound Layer

03
‘Depth, mm
ot 100 GF =l 200 GF o« 300 gF - e 500 gf

0.1 0.2 0.5

4006008006000 0:

FIG. X5.12 Evaluation of a nitrided H13 dief4<ing 10Q,2200.2300 and 500 gf test forces with both the Knoop and Vickers indenters. Note
that, as before, the range of HK at each {ooetien usingethese four test loads is broader than the HV range. The HV range is tight, ex-
cept at the near surface area. All fous HKitraces showa drop in hardness at the surface while the 200-500 gf HV indents show a
similai} b{{ lesser, trend. The dark-giching case ended at ~0.14 mm.
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FIG. X5.13 Plots of the average case haldness (leftf §1]d the hardness at jle efq of the dark-bichiiid case at ~0.14 mm (right) for the

nitrided H13 mold. For HV values of 900 artd
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X5.6 Correlating Knoop Data made at 3PPigf to the
Equivalent HK500 Value et

X5.6.1 The above tests results point out some excellent
characteristics of the Knoop test, but also one very significant
problem — the increase in HK with decreasing test force. It is
possible to develop correction factors, although these factors
have some inherent imprecision and will probably vary from
operator to operator. An individual’s own variation in HK
between 500 gf and lower test forces can be easily checked and
compared to the data shown below by performing a number of
indents, for example, 5, at various test loads from 500 gf and
below on a certified test block, such as an HRC test block. An
example of such tests made on a number of steel tensile bars
covering a wide range of HK is given in Fig. X5.17. Fig. X5.18
shows the approximate shift in HK as the applied force
decreases and as the HK5q, value increases. Table X5.1 lists
these approximate correction values as a function of the
applied load and the HK;,, value.

reite},sthe conversion chatt (Table %5gf E140) s
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hows? lower HK numbers; while the re-
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X5.7 Influence of Etching upon Microindentation Hard-
ness Results

X5.7.1 1In general, if the structure is deeply etched, the
metallographer will be unable to see the indent tips. For
example, when the nitrided H13 specimen in X5.6 above was
etched with nital, the nitrided case was a dark black and the
indents tips could not be detected optically. In general, if the
etching results are not excessively dark, there was no signifi-
cant difference observed for the microindentation values in the
etched vs. un-etched condition. Two examples are shown in
Fig. X5.19. The first is a thick carburized case on 8620 alloy
steel which was subsequently heat treated with an isothermal
hold to form lower bainite in the case while the core was
tempered low-carbon martensite. The first observance of mar-
tensite was at a depth of ~0.5 mm and the structure was fully
martensitic after a depth of ~0.69 mm. Overall, the difference
in hardness between the as-polished specimen and the etched
specimen was not significant, except for the slightly higher HK
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HK35 Tests - Offshore Plate Steel HVy5 - Offshore Plate Steel
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FIG. X5.14 Evaluation of banding heterogeneity of an offshore plate steel using test forces from 25 to 300 gf reveais that the Knoop
indenter, due to its long narrow shape betier reveals the variability in hardness, best seen at the lowest test load. Some of the bands
contained varying amounts of martensite, bainite and pearlite and these patches are small; hence, the Knoop 25 ¢f indenter was better
able to detect the extreme hardness variations. At each test force, the Knoop indenter gave more detail of the hardness variations than
the Vickers indenter.
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HKzgg - Offshore Plate Steel HVaqg - Offshore Plate Steel
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FIG. X5.15 Examination of the}ip§{q4td Shown 9 Flo. X5.14(0WMus the 500 gf HV dajd hot shown) reveals that the mean Knoop hard-
ness was greater than the mean ¥ickers hardnese at all loads gleft), with this-difference increasing with decreasing applied load, as
would be expected. But, the rise in mean HV at 25 and Bz):gif:'eﬂects the betfe’rabl’liy of the smaller Viokers and Knoop indents to
sense the hardness variations within the bands; I line with 385, the standard ggviationds for the 25 and 5D ‘gf Vickers indents are nota-
bly greater than the nearly constant standard;deMaibpi¥idn) J00 to 500 of (right). The muthhigher s{difdhtd deviations for the Knoop
indents made gggq gf:azr?:i:\ agreement with the data plots in Fig. X5.14.
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in the core from a depth of ~1.5 to 2.25 mm.{Thé second  than in the as-polished condition. In both cases, the second run
example shows the measurement of decarburizatiofd "depth in was performed near the first run. If there is concern, and the
quenched and tempered 41550 alloy steel. Overall, the differ-  structure must be etched to locate the indents, etch as lightly as
ences are insignificant, although the two tests at depths of possible

~0.05 and 0.09 mm are slightly lower in the etched condition
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FIG. X5.16 Further evaluation of the data for the banded, ¢fishor¢ plate &l Shidrdldentation hardness data reveals that the minimum
HK is slightly greater than the minimum HV data a{ 843 $5¢ to}Qe’; {if agreehidnd Wi the correlation between HV and HK in E140), and
that the minimum HK and HV varied very little cwerjhe st ?oad'mnge.'The‘lpg);imn hardness at each test force, however, increased

at forces <300 gf, with substantialy gleater-ﬁlz values at eaoh test force.«This ks mainly due to the greater ability of the elongated

Knoop indenter to sensé hatdness Iidre 's'e's:vilfhlﬁ the narrow bahds tontaining martensite, bainite and pearlite.
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FIG. X5.17 Linear regression analysis was performed on HK data made at test forces of 25, 50, 100, 200, 300 and 500 gf.
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AHK for Forces 25-300 gf vs. 500 gf
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FIG. X5.19 Two examples of extensive microindentation hardness test runs on adjacent locations before and after etching.
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