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1.1 This test method covers determination of the microin-
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2. Referenced Documents
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3.1 Definitions—For definitions of tcrms used in this test
method, see Terminology E7.
3.2 Definitions of Terms Specific to This Standard:
JR S 3.2.1 calibrating, v—determining the values of the signifi-
" This test method is wndor the jurisdiction of ASTM Commitreo CO4 on cant parameters by comparison with valucs indicated by a
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3.2.3 Knoop indenter, n—a rhombic-bascd 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—a hardness test
using a calibrated machine to force a diamond indenter of
specific geometry into the surface of the material being
cvaluated. in which the (est forces range from 1 to 1000 gf (9.8
x 107 10 9.8 N), and the indentation diagonal, or diagonals, are
measured with a light microscope after load removal: for any
microindentation hardness test. it is assumed that the indenta-
tion docs not undergo clastic recovery after foree removal.

Notr 2—Use of the lerm microhardness should be avoided because it
implies thal the hardness, rather than Lhe Torce or the lndA.nL on size, is
very low.

3.2.5 verifving, v—checking or testing thes
assurc conformance with the specification.
2.6 Vickers hardness number, HV. netdi Eipl'ﬂsi\l)h
hardness obtained by dividing the force appR4&d to a VId&rs
indenter by the surface arca of the permanedi ifipression mide
by the indenter,

3.2.7 Vickers indenfer. n—a squarc-| bﬂsw pyl'mn fu .s:xapcd

diamond indenter with face angles of 136° (;

3 Formulae—The formulac presqimted N. Jee .\-1 ol
cmculming microindentation hgdhdds anciddd Ldhidt el

¥, and humarn
t the precision
pge of the egror
shave opghe
dis-

of lhe Ldltllld[ed mdlemﬂﬁ;d;@qﬁ The rngp
that variations of cach ¢ 'chg_ narahe gl
calculated value of a micrdigiphtation musuupmcm iy
cussed in Section 10.

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

TIK = 1000 X 10 X (P/A ) = 1000 X 10° X Pifc, Xd®) (1)
or
HK = 14229 X P/d? 2)
LB
~ tan —— -
R (3}
2an——
where:
r force, gf,
d = length of long diagonal. um.,
A, projected arca of indentation, m 2
ZA = included longitudinal edge angle. 172° 307
LB included transverse edge angle, 130° 0° (see Fig. 1

and,

indenter constant relating projected area of the inden-
tation to the square of the length of the long diagonal,
du y 0.07028.

determined as fol-

NK=14229X P /d* {4y

,.7 force, kef, and
d; length of long diagonal, mm.

333 ﬂlb'Knonp hdrdnsss_(ﬁpbhed with units of GPa is
duumml‘d.a.<. ollows:
K

Q01RO P a2

5

FRSET
1.0 pm max.

FIG. 1 Knoop Indenter
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1362

where:
P2

force. N, and -
length of the long mum)m of me LI i,

3.3.4 For the Vickers 80 dtss 169 sihadadice. st loads ar
in grams-force and ind&ith@on J32dtls ke in mu,romuu,
The Vickers 1mrdne>§ llhkﬂfer i§ cdldll&éd follows:

HY= 1000 8 TE 3 LIA, = 2.000 $I§8§ Psin(ai2)i

o

or
7y
where:
P = force, gf,
Ay = surl hcc arca of the mdcmﬂuon, E'
d mean dldgnndl length of the fdi
o face angle of the indenter. 136®
33.5 The Vickers hardness. kef/mm® 1§ *determined s
follows: )
TIV= 18544 X P /d ? (8)
where:
£, force, kef, and

= mcan diagonal length of the indentations, mm,

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

HY =

d,;

00018544 X Pid,? [€)
where:

Py
d;

force, N, and
mean diagonal length of the indentations, mm.

3.4 Equations for calculating % Error and Repeatability for
periodic verification is determined as follows:

1;'7100({?7”“’) (10
(IM/
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ickgrs,Indenter

RN

OFFSET

% crror in performance of the periodic verification,
the measured mean diagonal length in pm, and
the reported certified mean diagonal length, um.

‘Im\ - dnmv
R= mo( ™ )
d

* repeatability s
« verification, .
the Immc<1 qu@ il

an s

where:.

P'mrormancc of the periodic

Iength mcasurcment on the

d-

d

Lhc measured mean diagonal length in um.

4. Summary of Test Mcthod

4.1 Tn 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 raditional
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 applicd 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).

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 foree divided by the surface
arca of the indentation.

4.5 Tuis assumed that clastic recovery docs not occur when
the indenter is removed after the loading cycle, that is. it is
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assumed that the indentation retains the shape of the indenter
atter 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 truc duc to clastic recovery.

5. Significance and Use

1 Hardness (ests have been found to be very useful for
materials evaluation, quality control of manufacturing pro-
cesses and research and development efforts. Hardness, al-
though empirical in nature, can be correlated (0 tensile strength
for many metals and alloys, and is also an indicator of
machinability, wear resistance, toughness and ducrility.

5.2 Microindentation tests are utilized to evaluate and quan-
tify hardness variations that occur over a small distauce. These
vqrmuons may bc intentional, such as pmduucdhy lacalized

b

processes such as carburi
or, they may be unintentional variations dyg

pprob e xgch
as decarburization, localized softening g s$ervice, or from
compositional/microstructural segregatiof Pfoblems. Low test

forees also extend hardness (esting to ma@dfals oo thin o3 joo
small for macroindentation tests. Microindentation st §éridis
hardness testing of specific phases or constisiehlS 424 &

or gradients oo small for cvﬂlummut\y magroindr

hardness. Vickers tests g 260 gf can hc'xglrm:;l for determi; ¢

nation of the bulk hardiiesgetiut, as for agy hagdness test. itis
recommended that o hhhfild st indent§ ;4§ sthade and fhe
average and standard de\ﬂmt&t A%scaleulydl 88 needed of us
required. Tees o

5.4 Microindentation hmdncss lcsunﬁ. s «\mm‘ll [iu'
formed to quantify variati
distances. To determine these difference: Ymics
physical indentation. Tulcn s that create indents:
forces must be carctully constructed o ﬂccumlc y the test
forces exactly at the desired location and muir have a high-
quality optical g
diagonals) of the small indents. Test forees in the upper range
of the force range defined in 1.2 may be used (o evaluate bulk
hardness. In general, the Vickers indenter is better suited for
determining bulk (average) properti Vickers hardness is
not altered by the choice of the test force, from 25 1o 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 west forees <200 gfl. 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 (o other (est
scales, and Knoop tests should not be performed at test forees
above 1000 gf. The majority of Knoop tests of case hardness
variations are conducted at forces from 100 to 500 gt. If the test
is being conducted to meet a specified bulk hardness valuc,
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+*of applying the (est forees according (o the foll

such as HRC, then most such tests will be conducted with
Knoop ar a 500 ¢f load. Because of the large difference
berween 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 ¢f are
susceplible to imprecision duc to the difficulty in measuring
ummcly small indents (<20 pym) by light microscopy with

\hnuld be considered to be qualitative in nature. Likewise, test
forces that ereate indents <20 pm in Iength 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
test results; this problem becomes more critical as the test foree
decreases.

6. Apparatus

6.1 Test Machine—The test machine must support the test
specimen and control the movement of the indenter into the
specimen under a preselected test force. and should have a light
oRtjgal microscope to select the desired test locations and to

SEdsrs the size of the indentations produced by the test. The
e DY Ihe surface of the test specimen must be pcrpcndicu ar
o} 3¢ 43¢ o the indenter and the direction of the force
he plane of the test specimen surface must be flat,
amt 1&%L361 surface relict, in order to obtain valid, usable (est
Ihe hardness test machine must mect the verification
srements defined in Test Method E92.

4.1 Force Application—The (est machine shall be capable
lowing:

6.1.1.1 The time from the initial application of the force
until the, Qdltest foree is reacht8ishall not exceed 10 s,

6.1.1.2 ’The indenter shall tbhgdt the specimen at a velocity
berweens 157dnd 70 pmys” lilddnrer velocity is not usually
adjusiabks by the user.

6.1.13 The full test forog mﬁall be applied for 10 10 15 s
nﬂ)ervust-wpeuned

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

6.1.2 Vibration Centroi—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 Indentfer—The Vickers indenter normally pro-
duces geometrically-similar indentation shapes at all test
forces. Except for tests at very low forces thar produce
indentations with diagonals smaller than aboutr 20 um, the
Vickers hardness number will be the same, within statisticat
precision limits, as produced using test forces that produce
diagonal lengths 220 pm, using either a microindentation test
machine up to 1000 ¢f or a macroindentation test machine with
test forces = 1 kgfl as long as the matcrial being tested is
rusonﬂhly homogencous and (he magnification and imagé
quality are optimal (see Appendix X4). For isotropic materials,
the two diagonals of a Vickers indentation are cqual in size.
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Metals/alloys with preferred crystallographic textures may
produce distorted indents and invalid or questionable test
results. The Vickers indenter must meet the veri i
quirements defined in Test Method E92.

6.2.1 The ideal Vickers indenter is a highly polished,
pointed, square-based pyramidal diamond with face angles of
136° (. The effect that geometrical variations of these angles
have on the measured valucs of Vickers hardness is discussed
in Section 10.

6.2.2 The four faces of the Vickers indenter shall be cqually
inclined o the axis of the indenter (within = 30') and shall
meet at a sharp point. The line of junction hemegn opposite
faces (offset) shall be not more than 0.5 um in lcq;lzﬁiﬁshown
in Fig. 2.

6.3 Knoop Indenter—The Knoop indenter, e_l
geometrically-similar indentation shapes ag s Surctiop
force and indent depth. Consequently, the Jgqghardnegseyil
vary with test foree (sce Appendix X4)2 PIg*to its rhotmbic
shape, the indentation depth is shalloweig i“a Knoop inden-

tation cnmpured 10 a Vickers indentatiorf Snder identical west ®

compute diagonal lengths, but the reported fength would only be reported
W the nearest 0.1 pm.

6.4.1 The optical portion of the measuring device should
utilize Kohler illumination. Consulr 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 cycpicee, adjustable illumina-
tion intensity. adjustable alignment and aperture and ficld
diaphragms. These are adjusted in the same manner as on a
reflected light microscope or metallograph. Some systems are
now designed using compuier monitors and indent length
detection by image analysis and may not utilize a traditional
eyepiece, but have a projection lens connected to a CCD
camerd. While a traditional eyepiece has a circular field of
view. the computer monitor is rectangular and its height-to-
width ratio can vary.
;043 Magnifications should be provided so thar the diago-
he enlarged to greater than 25 % but less than 75 % of
2 081 Yidth. TT (he computer screen has a 4 to 3 ratio of
@l hfeht, or a greater dificrence between the sereen

clastic recovery, Because, f 31§ ﬂpp: me](pppp indenter is

very usclul for cvaluating pagdiress tradigqi af 2thin coatings. |
. rLgdeLs of the objed

The Knoop test is not gDhdfiended for uhg 3hde a 1 kef tes
load. The Knoop indédél 3dsr meet rhe:\:ﬁlﬂdlmm [equi[e-
ments defined in Test Mmﬁ&d J’-‘Ll
6.3.1 The Kn(mp inde
rhnmhm hdsed

Knoop hardness is discussed in Section MLy

6.3.2 The four taces of the Knoop indenréf ﬂwbe equally
inclined fo the axis of the indenter (within = 3% and shall
meet at 4 sharp point. The linc of junction betwéen opposile
faces (ofisct) shall be not more than 1.0 um 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
scparated from the mounting material. Never touch the in-
denter tip with your finger.

6.4 Measuring Equipmeni—The test maching’s measuring
device should report the diagonal lengths in 0.1 um increments
for indentations with diagonals trom | to 200 pm.

Noms 3—This is the reported length and not the resolution of the system
used for performing the measurements. As an example. if a length of 200

o eorresponds to 300 filar units or pixels, the corresponding calibration
constant would be 200300 = 0.66666667. This value would be used Lo

e holdface numbers in parentheses refer © (e list of references al the end of
[his standard.
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&

may not be adequate for precisc measurement of
ndests <30 pm in length. Measurements of diagonal lengths
i(; um in length with the light microscope may be imprecise,
ive magnification used, with the prob-
lem becomjng more acule ag Jhg diagonal length decreases

below 2Q26m.

. b imeasurement. the test should
be perdfdrmed dhasiat speci mn-wslh a polished surface free of
preparation-induced damag 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 (est where the radius of curvature is in
the direction of the short diagonal.

7.1.1 1n all tests, the indentation perimerter, and the inden-
tation (ips in particular, must be clearly defined in the micro-
scope ficld 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 cdge of the indentation. making an accuralc
measurement of the size of the indentation difficult or impos-
sible. When determining the microindentation hardness of an
isolated phasc or constituent, or when cvaluating segregated
compared (o non-segregated arcas. and other similar situations,
a light erch is required to delineate the object or area of interest
so thar the indentations can be placed in the desired locations.
The necessary quality of the required surface preparation docs
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 matcrials arc morce sensitive o preparation-induced
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damage than others. Tn general.
example, austenitic stainless steels, copper and its alloy:
nickel and its alloys, gold and silver) exhibit a larger deforma-
tion ficld around the indent than an indent of the same (est 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 preparation. 1t is
well known that improper preparation can alter test results.
Specimen preparation must remove any damage introduced
during these steps. either due to excessive heating or cold
work, for example.

7.14 Specimen preparation should be pe[tnrmedz"
dance with Guide E3.

7.2 Tn many instances, it is necessary o mount
for convenience in preparation and for besws eag
‘When mounting is required, the specimen n:

face-centered cubic metals (for

supported by the mounting medium so that $hessp
not move during force application, such as n}.\g,hl happen in an
improperly cured polymer mount.

8. Procedure

8.1 Turn on the illumination sys&m aﬁd UOWH ((mbé Id\!ér‘ *

8.2 Sclect the desired mdcvngc :Izjl i nc@ssm} fo phys|—
cally change indenters. refer ($38¢ tPanp3dd 33t Sdbstructions.
With some machines, both 38ddikers Cin b ihidldted on the
turret and changed by a 'Jiﬁ)le. $wi Lh or coldidéiicommand.
Occmiomlly dc'm md d

measurements.

8.3 Place the specimen on the stage or i
$0. that the specimen surface is perpendicul
a: A rtop-referenced clamping system fgg 8
excellent device for aligning the test plane pupwmnxm"lo the
indenter, particularly if the back face of the Q" is not
parallel to the polished front surface. It clay is used 8f a slide,
use very stiff clay and use high pressure when seating the
specimen against the clay.

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

5 Adjust the light intensity and adjust the apertures for
optimum resolution and contrast. Zero the measuring device
according to the manutacturer’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. Sclect the desired foree.

8.8 Activalc the tester so that the indenter is automatically
lowered 4nd 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,

Copyight ASTM Internagonal
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adjust the light intensity if necessary. and adjust the apertures
for maximum resolution and contrasf

8.10 Examine the indentation for its position relative (o 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 (0 produce align-
ment. Make another indentation and recheck the indentation
locarion. Readjust and repeat as necessary.

8.10.2 For a Knoop indentation, if one halt of the long
diagonal is more than 10 % longer than the other diagonal hall.
or il both ends of the indentation are not in sharp focus. the test
specimen surface may not be perpendicular to the indenter
eld incorrect ds

HK based upon it should be reported outside these limits,
Check the specimen alignment and make another test 1o be sure
that the test data is correct.

3.10.3 For a Vickers indentation. if one half of either
LSingpnglsis more than 5 % longer than the other half of that
dipgdls Pl the four comers of the indentation are not in

tihdented 8%{S Such an indent may yield incorreet data and the
*Calculalckl BV based upon it should be reported outside these
the specimen alignment and make another test to
r;fur the test dara is correct.

Trthe diagonal legs are uncqual as described in 8.10.2
. rotate the specimen 90° and make another indenta-

indentatiopg J§i§ rotated 907, theh *M§ specimen surtuace is not
perpendicull*to the indentcd *ARis T the nonsymmetrical
natwre of the acdénmuon runmh! i the same orientation. check

8.105, _Somw:n_c crials n'\(:y‘%\ ye nonsymmetrical indenta-
tions cven il the r gnd ethe; specimen surface are
perfectly aligned. Tests on smgle u'y\mls or on textured
materials may produce such results. When this occurs, check
the alignment using a (est specimen, such as a standard, known
to producc 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 Mcthods C1326 and C1327.

8.11 Measure the long diagonal of a Knoop indentation, or
both diagonals ol 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 (o 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
awomatic readout of the hardness after the diagonal or diago-
nals have been measured.

8.13 Spacing of Indentations—Generally, more than onc
indentation is made on a test specimen, Tt is nceessary (0 ensure
thar the spacing between indentations is large enough so that
adjacent tests do not interfere with cach other. Because
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face-centered cubic (FCC) metals (for example. austenitic
stainless steels, copper, nickel, silver and gold) work harden
more dramatically than body-centered cubic (BCC) metals
(erritic steels. for example), the indent spacing distance is
more critical for FCC metals as the deformation zone around
the indenr is larger than for a BCC metal, as mentioned in
7.1.2

8.13.1 For most testing purposes, the minimum recom-
mended spacing berween separate tests and the minimum
distance between an - indentation and the surl hcc of the
specimen, are illustrated in Fig. 3.

8.13.2 For some applications. B

closer spacing ofa Zlemuritms
than those shown in Fig. 3 may bc nm,umr:/;: < closer
indentation spacing is used, it shall be the respenk B -mc
testing laboratory to verify the accuracy o] srmu'p ce-
dure. Parallel, staggered bands of indegrysfyom the \pmue
inward can be wilized to obtain closcg xpgtall spacink of
indents with respeet to the distance fromZthg “surface than can
be safely done with a single line of indd$ from the sugface

9. Report .

9.1 Report the following m;
9.1.1 The number of Ly 2 3N appropriaic or
required. the mean, stangipsd devisgiont nq O conlidence
interval for the tests. Pygst rrhe long 11&537}: of hardnes:
calenlations, and becis¢ xhé l[udiritmalzkg/mmz unit is not
part of the ST system? 313 84188 ated numdEESHI1 be reporged
without mention of the mm' K13 aduc l&ﬁ’\k@hu'ﬂ unfgidil-
farity of the metallurgical with hiddness num‘ner\
in GPa, and the rarher narrow Tdnge of Gia valides tn(
a “sof” ST system approach is ru,ommw(;od
9.1.2 Test force. and
9.1.3 Any unusual conditions encount@Isddiild e wst.

9.2 The symbols HK for Knoop hardness and HV for
Vickers hardness shall be used with the reported numerical
valucs.

9.2.1 For this standard. the microindentation hardness tcst
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 (est results may be reported as follows:

9.2.1.1 For microindentation hardness (ests, where the test
foree is generally in gram force units, with test forces <1000 gf,
this result can be reported as 400 HK 0.1, for example, when
a test ar 100 gf yields a Knoop hardness of 400. The same
approach is used to report the Vickers hardness.

9.2.1.2 In the SI system the hardness would be reported as
3.92 GPa, bwt this practice is not preferred for the reasons
stated in 9.1.1.

For nonstandard dwell times, other than 10 0 15 s,
rdness would be reported as 400 HK 0.1/22 s. 1n this
iif would be the actual time of the full load dwell time.
4 Jor macro-Vickers tests with forces >1 kgf, see Test

MaB&d FY2° for the recommended notation.

. -Examples of the caleulation of measurement uncertainty
given in Test Method E92.

recision and Bias

!

10.1 The precision and bias of microindentation hardness
measuremets depend on stricd .adhuwcc to the stated (est

vFhe onsiswncy 92 ﬁg. mun for repeated tests on the
same rqmen 15 dependent ony H homogeneity of the material,
reprnduubxhr) ‘(ﬂ‘me hardpgss® fester. and consistent, careful

measurement of the indents by a competent operator.

dK = Knoop Diagonal
dW = Knoop Width
dV = Vickers Diagonal

2.5dv

FIG. 3 Minimum Recommended Spacing for Knoop and Vickers Indentations
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10.3 Tnstrumental factors that can affeet test results include:
accuracy of loading: inerria 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 (ilting
may produce non-uniform indentations and incorrect test
results.

10.4 Marerial factors thar can affect rest e, lxtu sinclude:

an crror 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 angle: . 1, have a very
significant cflect on the precision of the HK value.

10.8 Three separate interlaboratory studies have been con-
ducted in accordance with Practice E691 to determine the
precision, repeatability, and reproducibility of this (est method.
The three studies are defined as follows: {a) Knoop and Vickers
tests, six test forces in the micro range. rwelve 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.%(b) Knoop and Vickers tests, two (est forees in the micro
range, scven laboratorics. image analysis and manual
meas! four different hardness level specimens {(see

specimen preparation; low spec
transparency of the specimen. o
10.4.1 Residual deformation from mm\nnk‘q pdiishing
must be removed, particularly for low-fofch; &UO eof) lé\tmb
10.4.2 Distortion of the indenration
crystallographic or microstructural texturg
lengths and the validity of the caleulawedshardness
10.4.3 Plastic deformation during mdemgl}
ridging around the indentation periphgry thig w3
nal measurement accuracy.
10.4.4 Testing of etched §htf‘\¢¢s’ dp})bﬂdm
ol ciching, may produce r‘suug Waredd il from those
(2) peee

obtained on unetched suzd

mﬂquu"lC

inaccurate ca 1hmum§ 5E Aﬁu
b AUthLdUAm

resnlvmu power nl ﬂ)eu mm 0 msuﬂux m

\'lmnglx influenced h) the
can be mmmncd

numerlml aperture of lhe medsunng nh}]ecu\e deiiduses (4, 5).
1n general, indents <30 um in length should be measured with
objectives having greater magnification than 40 or 50x. Tmage
contrast between the indent and the specimen is critical for
precise measurement of diagonal length.

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

10.6 Some of the factors that atfect test results produce
systemaric errors that influence all test results while others
primarily influence low-force (225 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 fuctors to a greater extent than higher force
tests.

10.7 For both the Vickers and Knoop hardness tests, the
caleulared microindentation hardness is a funcrion of three
variables: foree, indenter geometry and diagonal measurement.
For the Vickers (est. the error in measuring (he diagonals has a
bigger effect on the precision of the HV value than a larger
error in the test force or the face geometry. For the Knoop (est,

Copyight AST Internatonal
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100.8.2, Appendix X2 and ASTM Research Report RR:E04
1006).%(c) Knoop and Vickers (csts, six iest forces in the micro
range, (wenty-five laboratorics. manual measurements, six
diffrent hardness level specimens (see 10.8.3, Appendix X3
2318 ASTM Research Report RR:E04-1007).”
s I An interlaboratory test program was conducted in
1 With Practice B691 (o develop information regard-
ity. and reproducibility of the
m'em of Knoop and Vickers indentations (supporting
L been filed at ASTM Headquarters: request RR:E04-
" The test forces were 25, 50, 100, 200, 500, and 1000 ¢
three ferrous and four nonferrous specimens (7, 8). TWE[VE

_'mhommnu measured the indentations. five of cach type at

cach force on cach sample. Additional details of this study arc
given in.Afpendix X1. ceeey

10.8.130 *Tests of the lhréé lé[l&u\ specimens revealed that
nine ﬂhmmonc: produced” §itdilar measurements while (wo
labo ’t\@ﬁl85 consistentlys uudx ¢d the indentations and one
ldhnmm" (Wemzed the indentarions; that is,

Comsistently

pronounced as the force décreased and specimen hardness
increased (that is, as the diagonal size decrcased) and were
observed for both Vickers and Knoop indentations. Results for
the lower hardness nonferrous indentations produced better

agreement. However, none of the laboratorics that obtained
higher or lower results on the ferrous specimens measured the
nonferrous indentations.

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

10.8.1.3 Reproducibility Inferval—The difference in (est
results on the same malcrial tested in different laboratorics
increased with i mued\mu specimen hardness and with decreas-
ing test force (see X1

# Supporling data have been filed al ASTM Intermational leadqua
be oblained by requesting Research Report RR:14-1004. Contuct A
Service at service@ astm.org

6 Supporling data have been filed al ASTM International 1leadquariers and may
be oblained by requesting Research Report RR1D4-1006. Contuct ASTM Customer
Service at service@ astm.org

7 Supporling data have been filed al ASTM International 1leadquariers and may
be oblained by requesting Research Report RR1D4-1007. Contuct ASTM Customer
Service at service@ astm.org

15 and may
1 Customer
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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 gencrally larger than the precision
estimate. particularly at low test forees and high specimen
hardness.

10.8.2 An interlaboratory test program was conducted in
accordance with Practice EG91 (o develop information regard-
ing the repeatability and reproducibility of Knoop and Vickers
measurements made with awomated image anahsxs syslems
compared to measurements by manual pr .'. Four fer-

mcm Seven labs mcqsurul the <pcqml<'d<nm hpm prouc—
dures. The Knoop indentations on sppéiiden C1 were tbp long
for accurate measurements to be mad@Sily one lab: hence, only
six <cls 0|'mcﬂ<uru1\un< were made dlf (his spccm\cu.NLm (43

y donceRns l‘fvavanmgybemcm in-
e laboratory by 4
single operator with J;;Qttjﬂc sgl'ql: e gippdmms For hnlp

the manual and a & measwrdPEOS: the repeatabiifly
interval increased S§il] ¥pécimen harfip¢gsidnd decreusing st
force, Appendixd 3% B¢ equivalerd 1@384e conditio
repeatability interdUdE dddinated nddid ddinents waslightly
farger than for manual dichddidinents.t
10.8.2.2 Reproducibiliy &deals
single test results obtained by dif Tcr@m ﬂh'omm i
the same test methods to the same W rmhr
For both the manual and automared mnqzqum *the repro-
ducibility interval increased with spegidgedt daginess and de-
creasing test force. Appendix X2, Pug fdvalent testing
conditions, the reproducibility interval for addated measure-
ments was slightly larger than for manual méasurements.
10.8.2.3 Neither Practice EG91, nor any other ASTM
standard, deals with comparing test results of a single property

made by (wo different test methods. Henee. it is not possible (o
statistically and accurately compare the hardness measure-
ments made by the manual and automated procedures.
However, this information is graphically represented for com-
parative purposcs, 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 varicty of test forees. 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 dificrent laboratorics tested the steels
using the Vickers test while thirtcen dificrent laboratorics
tested the steels using the Knoop test. Additional details of this
study are given in Appendix X3.

10831 Repeatability and reproducibility statistics were

determined for the Knoop and Vickers diagonal measurements,
Results are tabulated in Table X3.1 and Table X3.2 and are
$0dwn graphically in Fig. X3.1 and Fig. X3.2.
8.3.2 Repeatability and reproducibility statistics were
®inied for the Knoop and Vickers hardness values. Results
bulated in Table X3.3 and Table X3.4 and are shown
cally in Fig. X3.3 and Fig. X3.4.

11. Conversion to Other Hardness Scales or Tensile
Strength Values

11.1 There is no generally accepred method for precise
conversion of Knoop og, Yickers microindentation hardness
nuirdds o other hardncis sdlles or tensile strength values.
Such tonversions are emmml and are limited in precision and
i i ‘except for special cases where a
sion has been obtained by com-
25 ¢f microindentation Vickers
1mrdness numbers are® fif staristical 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. VERIFICATION OF KNOOP AND VICKERS HARDNESS TESTING MACHINES AND INDENTERS

Al.l Scope

ALLT Annex Al specifics three types of procedures for
verifying microindentation (Knoop and Vickers) hardness test-
ing machines: dircet verification. indircct verification, and
periodic verification. This annex also contains geometric speei-
fications for the indenter. A control chart method for moniror-
ing the consistency of microindentation measurements based
on the periodic verification (ests and detecting measurement
deviations is deseribed in Practices E2554 and E2587.

Copyight AST Internatonal
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Al.1.2 Direct verification is a process normally performed
by the manufacture for verifying that critical components of the
hardness (esting machine arc within allowable tolerances by
direct measurement of the applied test forces, the indentation
measuring system, and the testing cycle. For additional infor-
mation about direct verification sce Test Method E92.

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

A1.14 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.

AL2 General Requirements
AL.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified in Table AlLL,
and when circumstances occur that may affect the pedormmce
of the testing machine. See Annex Al in Test 1\1;::};(;0 g;‘)" tor
interval details for dircct and indirect veri

Al.22 All instruments used to make pen
quircd by this Annex shall be calibrated Lﬁ@pmc l°"I’UM‘ﬂ
standards when a system of traccability c§igss Bxeept asvged
otherwise. v

A1.2.3 Periodic verification and the ingifrect verificatiqn of *
the testing machine shall be performed ¢ lhe logaridt Mt:e

the tester is used.

Al24 Direct verification of pewig m;ummmmi,m:@nn
testing machines may be, o3 Idrmed s 36 shEs dfA¢E of
manufacture, rebuild or thg Ib&fon, bl adde :Uivuls of this
procedure can be found indTéd MeubiEel.

Note Al I—1tis recommedded) dlat miecalibr
to conduct the verifications,
be accredited to the requiem
recognized accrediting boe!
Guide 38.

Al.25 Verification of Tntiggger==The geompyry of _154, n
denter is verified atr the time of manfacrurtng 4ngis §¢ is
mandatory for new machines. Subsequer} 8&yificagidds DI the
indenter arc performed by visual inspeclidhIat (e I¢diliing
indentation; it is usually sufficient for (3 bdéi &l 3ty (he
ahsence of defects from the shape of indentdtidnsepadcrmed on
test blocks. Details of this process are given® i slest Meth-
odF92. >

ency that is used

SO 17023
\em(ea to the

squivalent) by a
iements of 15O

AL3 Periodic Verification

A13.1 The periodic (formerly known as the “weckly”)
verification is intended as a tool for the user to monitor the
performance of the testing machine berween indirect verifica-
tions. At 1 minimum, the periodic verification shall be per-
formed in accordance with the schedule given in Table AL L for
cach microindentation hardness indenter that will be uscd.

A1.3.2 Tt is recommended that the periodic verification
procedures be performed whenever the indenter is changed,
that f one indenter is physically removed from the port and
another is inserted into its place. This is not required with

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

Verification

mmcmndemanou 13303 Jesting machines **
\o ¢

machines that have both types of indenter mounted on the same
turrer. It is also recommended to perform a periodic verifi
tion when loads are changed (to verify thar the load is not
“hanging up™).

Al33 Periodic Verification Procedures—The procedure to
use when performing a periodic verification is as follows.

Al.3.3.1 Atleast onc 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 material to be measured. 1f various hardness ranges are to
be made, it is reccommended (o (ake a test block from cach
range of hardness as described in Table A1.2.

Al.33.2 The indenter to be used for the periodic verifica-
tion shall be the indenter that is normally used for testing.

3.3.3 Before performing the periodic verification tests,

&6 that the westing machine is working freely, the stage and
H'(:k are clean, and the measuring device is properly

. 34+ Make at least three hardness measurements on
cachsgf e verification (est blocks. The tests shall be distrib-
ugfisggiformly over the surface of the test blocks.

42415935 Let d be the average of the measurements. Deter-

«383¢ the crror E and the repeatability R in the performance of

h%"testing machine using Eq 10 and Eq 11 from 3.4 for each

standardized test block that is measured.

(N1 lh&ulor Fand the ropeakibility R caleulated for cach
test blddle i within the (odoren: 0 given in Table A1.3. the
testing myachine with the mdmm dy be regarded as perform-

(Z)Jf th,‘z;rrou E ﬂnd‘mcy:pulﬂbllny R calculated for any
of Lbc lcsl B1o¢Rs, is owsidls fhe tolerances. the periodic
i 4 ditferent indenter. If the
average of the hardness measurements again falls outside of
tolerances for any of the test blocks. an indircet verification
shall be performed.

Al.33.6 If a testing machine fails a periodic verification,
the hardness tests made since the last valid periodic verification
may be suspect.

Notn A1.2—TLis highly recommended Lhal the resulls obtained from
the periodic verification (esting be recorded using accepted Statistical
Process Conlrol techniques. such as, but not limited to, X-bar (measure-
menl averages) and R-charls (measurement ranges), and histograms (sce
Practices 2554 and T2587).

Al4 Veri

Al4.1 A verification report is required for dircct and
indircct verifications. A verification report is not required for a
periodic verification. Additional details concerning creation of
the verification report can be found in Test Method E92.

ation Report

TABLE A1.2 Hardness Ranges Used for Periodic Verification

Procedure Schedule Range Knoop Vickers
Periodic Verification  Reduired each week fhat the machine is used Low <250 <240
ecommended whenever the indenter is physically Mid 250-650 240-600
removed and replaced by another indenter. High > 650 > 600

Copyriht ASTH Intemational
Provided by IHS under cense vith ASTH
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TABLE A1.3 Repeatability and Error of Test i Periodic Verification by ized Test Blocks Based on Measured
Diagonal Lengths”

R E
Hardness Range of Force, Maximum Maximum
Standardized Test Blocks of Fepeatability Error
(%) %)
Knoop Vickers
HK > 0 1= F <100 13 3
HK < 100 100 = F = 1000 13 3
100 = HK = 250 100 = F < 500 13 2
250 < HK = 650 5 2
HIK > 650 4 2
100 = HK = 250 500 = F = 1000 8 2
250 < HK = 650 4 2
HK > 650 3 2
“1n all cases, the is the greater of th &1 m; the maximum error is the greater of the value obtained or 0.5 ym.

Al.4.2 The verification report sli

(3) The microindentation hardness scale(s) verified.
person performing the verification gyl include the (ouo\yij!

« (4) The individual or calculated results used to determine

information when available as a gtult of thg ficatit mﬂhcr the testing machine meets the requirements of the
performed. o fon performed. M made to determine the

AL4.2.1 Full details of the ve md condition of the testing machine shall be included
in Test Mcthod F92. .

yrever they are made.
2 (5) Description of adjustments or maintenance done to the
&sling machine.
(6) Date ol verification and reference 1o the verifying
agency or department.

(7),Signaturc of the person performing the verification.

A142.2 The basic conddibs el:
defined in demll in Te% Medmd MZ b

indenters used.
(2) Mean:

Vgic dks, elas
S, etc.) wi 1ﬂt§a|§mg denmno;mpabﬂm tod jm[l()lml
standard,

TFQT M/\CHINF§

A2.1 Scope N A2.2 Certification of Standardized Test Block

A2.1.1 The calibration of standardized hardness test blocks
used 1o verify microindentation hardness test machines IS hardness rest block shall include the following informarion: the
described in Test Method E92. The stundardizing machine shall

" o : : arithmetic mean of each group of five impression diagonals;
g:fl the direct verification method described in Test Method 1 grithmetic 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.

A22.1 The certificate accompanying cach standardized

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.

Copyight ASTM Internatonal 1
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APPENDIX

(Nonmandatory Tnformation)

X1. RESULTS OF INTERLABORATORY TEST OF THE MEASUREMEN

[ OF MICROINDEN

10NS

XL1 Introduction hardness. For specimens below about 300 HV. there was

X1.1.1 This interlaboratory test program (7, 8) was con- relatively little difference in HV over the test force range.
L 5 ¥ tes 2 s t

ducted (o develop precision and bias cstimates for the mea- X1.4.3 For (hc Knoop test data, most of the laboratorics
surement of both Knoop and Vickers indentations using [orces  yoreed that the hardness decreased continually with increasing

of 25 10 1000 gf for ferrous and nonferrous specimens COVering et force and then became reasonably constant. However, the
a W“‘E range of hardness (see Research Report RR:EEM-  (yo (aboratories that exhibited outlier data for the ferrous

1004). specimens did show the opposite trend: this is highly unusual.
X1.2 Scope .. 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
hardne: as quite small over the test force range.

X1.2.1 This interlaboratory test program proi
tion on the measurement of the same indentay
laboratories according to the procedures of

X1.44 Repeatability Intervai—The difference due to test
error between two test results in the laboratory on the same
majqrial was caleulated using the (S,)j values, the pooled
$¢dtlaboratory standard deviation. (S} increased with di-
€@ $tze and the relationship varied for each material and
Selable X1.1 lists regression cquations that show the
$ip between (S,)j and the diagonal length. um. The
Slity interval (1,)j. was caleulated based on the rela-
p< in Table X1.1. Because the repeatability intervals are
241%¢ % function of diagonal length, regression cquations were
4184 *calculated, Table X1.2. The repeatability interval
fetms of Knoop and Vickers values for ferrous and nonferrous
specimens, arc shown in Figs, X1

Xl1.4. 5-[5(7710(114( ibi InmnaLThe difference in test re-
sults on tho samc material v different laboratorics was caleu-
lated; pg ;he (Sl valugy, 1he perween laboratory estimate of
precisigi. (Skd, increased wifl] $ifagonal size and the relation-
shipadticd fof bJL.hmﬂLcmu,ﬂxﬂ est type. Table X 1.3 lists the
regression equations that st hé Telationship between (Sg)j
and the diagonal length, pm. The reproducibility intervals (1),
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 valucs for the ferrous and nonferrous specimens.
are shown in Figs. X1.1-X1.4.

X1.3 Proccdure
X1.3.1 Five indentations were made Wi controlled cob-

dirtions at each torce (25, 50, 100. 200, 50bs 2nd 1000 ¢f), vvnh

both Knoop and Vickers indenters using anree Iem J

non I‘cn TOUS Specimens.

Xli3 2 Tvvel\e lab()rdl()rie\ _measured e

X1:3.3 Each labora ﬂlorg-us
calibriate their measuring

X1.34 Results \ura
with Practice E691.

X1.4 Results

X1.4.1 For the three ferrous specimers, rcsx;lle flyi\: aﬁm‘
laboratories showed general agreement as3¢ chlldgoﬂdl.\lle\
Two other laborarories consistently underdigdd ¢ 0ns
(higher hardncss) and one laboratory consi@lill §3&rdived (he
indentations (lower hardness). This bias Wb $¥ed with
both Vickers and Knoop indentations sized bS/'ﬁ!)& S laborato-
ries with the degree of bias increasing as the indentation size
decrcased 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.

X142 For the Vickers test data. the caleulated hardness X1.4.6 The within-laboratory and between-laboratory pre-
increased with increasing force and then became reasonably — cision values were caleulated from (V,(%))j and (Vi (%))j
constant. This trend was apparent in the data from the nine  which are the cocfficients of variation for within-laboratory and
consistent laboratorics (ferrous specimens) and for the labora-  between-laboratory (ests. Both are a function of the length of
tory that oversized the indentations. The two laboratories that the diagonal. The within-laboratory and berween-laboratory
consistently undersized the Vickers indentations exhibited precision values were relatively similar for both Vickers and
substantial data scater for the tests with forces of less than 100 Knoop (est data, cither ferrous or nonferrous. Tn general, the
gf. However for higher forces, their indentation measurements repeatability intervals and reproducibility intervals were larger
were [elAmely constant. The force at which the hardness than the precision estimates, particularly at low test forces and
became relatively constant increased with increasing specimen high specimen hardness.

Copyriht ASTH Intemational 12
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TABLE X1.1 Relationship Between Diagonal Length and ()], the
Pooled Within-Laboratory Standard Deviation

Correlation

WMaterial Test Regression Equation Coticiont
Ferrous Viekers 0535
errous Knoop 0.823
Nonferrous Viekers 0.862
Nonferrous Knoop 08198

TABLE X1.2 Relationship Between the Diagonal Length and (1)}
the Repeatability Interval

Material Test Regression Equation
Ferrous Vickers
Ferrous, Knoop ()

Nonferrase « Vickers (1)7=1.0556 + 0.0226 3,

Knoop

0.161 +0.05 d,

FERROUS SAMPLES
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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
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TABLE X1.3 Relanonshlp Between Diagonal Length and (Sg), the
Between-Laboratory Estimate of Precision

Correlation
WMaterial Test Regression Equation Costiciont
Ferrous Vickers 0747
Ferrous Knoop 0.899
Nonferrous  Vickers 0.8906
Nonferrous  Knoop 0.8616

TABLE X1.4 Relationship Between the Diagonal Length and (f,),
the Repeatability Interval

Material Test Regression Equation
Ferrous Vikdrs . ()= 0.877 + 00113 G,

Ferrous {lry = 0.946 + 0.0198 &,
Nonferrous (I} = 10103 + 0.0441 &,
Nonferrous (Ii= 1.07 + 005 3,

RING M.UJ{OINDLN'IAI ION HARDNESS TESTING USING

X2.1 Introduction

ééﬂ’tabilily concerns the variability between indi-
vidual seats eosults obtained within a single laboratory by a
singles ppgsttor with a specific set of test apparatus. For both
the, P33l and automatcd measurements, the repeatability
igdiva? tnereased with specimen hardness and decrcasing test
férte, Tables X2.1-X2.4, and F X2.1-X24. For equivalent
testing conditi the repeatabilify «nterval for automared
measuremenis &9ds slightly larg B Ahfm or manual measure-
ments. .

X2.1.1 An interlaboratory test preg
develop information comparing Kd
dentation hardness tests made W S
mated image analysis nslcn\s,qqq ;hy mc smw;h;q m'muﬂl
procedure. Four ferrous spg¢iddey were u&.di.l
program (see Rescarch Reg RREE04-1006).0%

X2.2 Scope

X2.2.1 This interlaboratory lcsl pmm ﬂm puowdgtjnforu
mm on med J ()t the same i

X25.1 Ksprndu hiliry dedl\ \i % *the variability between
single test results obtaficd by dili#&ht Haboratorics applying
the samce (est methods to the same or similar (est specimens,
For both the manual and automated measurements, the repro-
ducibility interval increased with specimen hardnes

X2.3:1 The test was conducted under controlled conditions ~ Seasing test foree, Tables X2.1-X2.4, and Figs. X2.1-X2.4.
using loads of 100 gf and 300 gf. Ten Knoop and ten Vickers For cquivalent (esting conditions, the rcprodu bility mlcrv_al
indentations were made for each load. a total of 40 indenta- for antomated measurements was slightly larger than for
tions. The participants in the test program measured the same manual measurements.
indenrdtions on the four specimens. Seven labhoratories mea-  X2.6 Comparisons
sured the specimens using both procedures. The results of these X2.6.1 Neither Practice H691, nor any other ASTM
scven sets of measurements were used for the analysis. The standard, deals with comparing test results of a single property
Knoop indentations on specimen C1 were too long for accurate  made by (wo different test methods. Hence. it is not possible o
measurements Lo be made by one lab: hence. only six sets of  giatistically and accurately compare the hardness measure-
measurements were made on this specimen. Near the end of the ments made by the manual and automated procedures.
test program, specimen Bl was lost in shipping; thus only six However, this information is graphically represented for com-
sets of measurements were made on this specimen. parative purposcs, Figs. X2.5-X2.8,

X2.3 Procedure

L=}

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

WManual
Spec. Labs Wean Sx S R v R
i 7 22862 688 930 7118 2608 3182
Di 7 34480 10.54 9.80 14.06 27.44 3936
A2 7 491.48 28.67 14.87 31.95 4183 B9.45
B1 3] 901.67 82.40 2117 85.55 59.28 183.55
Automated
Spec Tabs Wean Sx S SA v "
i 7 252,07 954 162 5672 %55
Di 7 34857 9.54 14.04 2670 3982
A2 7 51013 19.58 35.56 54.69 99.56
B1 5 91472 202 64.13 8183 179.56
TABLE X2.2 Precision Si4tlt§:3 3¢ Miinual and Automated Knoop Tests at 300 gf Load
. WManual
Spec. S R
i 25.49
D1 27.92
A2 58.85
B1 71.43
Spec. R
i 2431
Di 4061
A2 71.44
B1 74.76
Spec. £ SR R
C1 8.82 9.07 25.40
D1 765 9.48 26.50
A2 1229 24.53 B88.69
B1 24.02 51.35 ot 26725 143.77
Automated _a
Spec. S SR R
i 6.47_+ 9.7 %595
D1 528 5019 42.54
A2 16.50 3569 99.93
B1 21.30 51.82 145.09
TABLE X2.4 Precision Statistics for Manual and Automated Vickers Tests at 300 gf Load
WManual
Spec Tabs Wean Sx S SA v A
C1 7 197.07 3.40 532 8.09 14.91 17.08
D1 7 298.91 5.47 7.38 B.89 2068 24.89
A2 7 474.58 18.00 12.45 21.53 34.86 80.28
B 5 81060 2967 16.50 3355 46.21 9394
Automated
Spec. Labs Wean Sx S 5R v R
i 7 196.87 6.44 557 833 T5.60 282
Di 7 207.88 10.42 6.69 12.20 18.72 34.15
A2 7 48372 18.98 12.30 22.28 34.44 82.34
B1 6 809.55 20.55 11.60 23.31 32.49 85.27
Capyright ASTH Iternatonal 16
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FIG. X2.4 Reproducibility of the Vickets 300 gf Manual and Automated Microindentation Hardness Tests
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Tests

X3. RESULTS OF INTERLABORATORY TEST OF THE MEASUREMENT OF MICROINDENTATIONS

X3.1 Introduction

X3.1.1 The intedlaboratory program was conducted on
steels to develop precision statistics for Knoop and Vickers
tests (see Research Report RR:EM-1007).7

X3.2 Scope

X3.2.1 Twenty five laboratories tested six steel specimens
for Vickers hardness and thirteen laboratorics 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.

Copyight AST Internatonal
Provied by IHS under icense with ASTN

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

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

Specimen B: H13, austenilized. quenched, and tempered to ~ 50 HRC
Specimen C: H18, austenitized, quenched, and tempered to ~ 40 HRC
Specimen D: H18, austenitized, quenched, and tempered to ~ 30 HRC
Specimen E: O1, austeritized, quenched and tempered O1 steel to ~ 60 HRC
Specimen T: T15, PIM, austenitized, quenched and tempered to ~ 67 HRC

Notn X3.1—To judge the equivalency of Lwo test results, it is
recommended to ehoose the material closest in characteristics Lo the Lest
malerial.
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X3.3 Results

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

X3.3.2 Repeatability limit (r)—Two test results obtained
within one laboratory were judged not equivalenr if they
differed by more than the *r” value for thar material: “r” is the
intervul representing the critical difference berween two test
results for the same material, obtained by the same operator
using the sume equipment on the same day in the same
laboratory.

X3.3.3 Repeatability limits in diagonal lengths (um) are
listed Table X3.1 and Table X3 i i
HV) in Table X3.3 and Table X3.4.

X3.3.4 Reproducibility limit (RI—Two test gqiits
Jjudged not equivalent if they difter by more rhmw:“[{

for that marerial: “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 laboratorics.

X3.3.5 Reproducibility limits in diagonal lengths (pn1) are
listed in Table X3.1 and Table X3.2 and Fig. X3.1 and Fig.
X3.2 and in hardncss units (HK, HV) in Tablc X3.3 and Table
X3.4 and Fig. X3.3 and Fig. X3.4.

X3.3.6 The above terms (repeatability limir and reproduc-
ibility limit) are used as specified in Practice EI177.

X3.3.7 Any judgment in accordance with statements X3.3.2
and 4 would have an approximate 95% probability of
being correct.

X3.3.8 The data are listed in Tables X3.1-X3.4 and are
shown graphically in Figs. X3.1-X34.

TABLE X3.2 Precision Statistics for an Interi§liditory Study of the Knoop Microindentation Hardness Test for Ferrous Specimens in
Diagonal u;g; gm .

Specimen

Test Force P y
(gf Standard Limit (um} Limit {um)
* Deviation
(um}
Sq r R
A 1.54 4.31
1.66 4.66
228 6.40
3.50 279
3.02 845
3.16 8.84
B 1.04 291
1.07 298
1.28 354
1.59 4.48
1.95 5.48
2.4 5.98
< 141 3.938
A :z% 343
1.20 335
1.44 4.03
1.68 4.69
2.08 5.82
) 1m 312
0.95 265
1.24 347
1.19 333
1.33 373
2.50 7.00
E 0.84 234
1.09 3.05
1.24 348
111 310
1.15 321
1.48 415
T 0.98 276
112 312
152 4.26
1.51 422
1.28 353
1.61 4.52
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TABLE X3.3 Precision statistics for an Interlaboratory Study of the Vickers Microindentation Hardness Test for Ferrous Specimens in
Diagonal Units (pm})

Specimen Test Force Average Standard

(o) Diagonal Deviation Standard Standard Lirnit (um) Limit (um)
(um) Deviation Deviation
(um) )

(urn) b

Copyriht ASTH Intemational 2
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ics for an Interlaboratory Study of the Knoop Microindentation Hardness Test for Ferrous Specimens in
Hardness units (HK)

TABLE X3.4 Precision stati

Specimen Test Force Average Standard P y P
Diagonal Deviation Standard Standard Limit (HK) Limit (HK}
(Hm) {HK} Deviation Deviation
(HIG (HK)

SoprattASTH nernatoral
. IHS nder iense with ASTM
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TABLE X3.5 Precision statistics for an Interlaboratory Study of the Vickers Microindentation Hardness Test for Ferrous Specimens in
Hardness units (HV)

Specimen Test Force Average Standard

Diagonal Deviation Standard Standard Lirnit (HV) Limit (HY)
(um) {HY) Deviation Deviation
(HY) (HY)

R = 0.0163 * Diagonal + 2.5413
R2 = 0.6651

0 T T
0 50 100 150 200 250
Diagonal (pm)

FIG. X3.1 The Relationship between ibility (R) and Diagonal length (c) from Table X3.1 in um units, for the Knoop Hardness
Tests for Specimens B, C, D, Eand T
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Vickers Reproducibility

R =10.0103 * Diagonal + 1.112
R2 = 0.5604

m)

fehath £ b Table X382 in ym units, for the Vickers Hardness Tests
1?'??%"1'1'9"95 CRIEapAT

>
NENKS
o * 0% * s

T T
100 150 200 250

Diagonal Length (pm)

FIG. X3.3 The Relationship between Reproducibility (R) and Diagonal length (d) from Table X3.3 in HK units, for the Knoop Hardness
ests for Specimens B, C, D,
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Vickers Reproducibility
(Specimens B, C, D, E and T) (HV units)

160
140
120 -

ity, R (HV)

80
60

Reproducibi

80 100

FIG. X3.4 The between

(R) and Di
sts for, Spech

ials can be de
ndenter into 4&¢
ght force when

(est picce. Tcsunm
the force in use pm fudtagonal length of
Tess than 20 . Botl §rvppsand Vickers hprdness jygnbers
increase in proportion m'!l;e'm\er\e o ghp \quq@ of the
indentation diagonal length. Eq 2 ang Eq 7* Thugs hpgdness
numbers obtained from indentations withidiagon4g pegsuring
less than 20 pm are much more sensitid §¢ $3ugldi few
tenths of 4 mi in the acrual o2 i3 I&feth of the
diagonals than hardness numbers obtainéd by 3d&dstring larger
indentations. Creation of valid indentations: &hdl”the accurate
measurement of their diagonals, becomes evéh more impera-
tive as the indentations become smaller. For example. consider
a material with a Vickers hardness of 500. For a force of 100
gl the diagonal length would be 19.258 ym. 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 gt force, the diagonal length
would be 23.86 pm. To maintain an error of = 1 %, the
accuracy of the diagonal measurement has © be < 0.12 um.
Measurements to this level of accuracy are impossible to
achicve by light optical microscopy. Because of the inherent
difficultics involved in oblaining and measuring indentations
with diagonals less than 20 um, and the increasing effect of
possible indentation or measurement crrors. light foree micro-
indentation hardness testing requires precautions in addition (o
those normally necessary. Small indentations may be duc o
high test piece hardness or the use of light forces, or both. In
either case, some of the concerns involved with obr
accurate hardness results are addressed in this appendix.

i

Copyrgn ASTH Intematonal
Provided by IHS under cense 1 ASTHI

Walddngth (d) from Table X3.4 in HV units, for the Vickers Hardness
HH dT

INDENTATION HARDNESS TESTING

These recommendations provide guidance and sug-
"ul additional precautions for microindentation hardness (est-
ing when the measured mdcnmuon diagonals are less than 20
pm m.bnklh

X4, ﬁ%l;v'-iionmcnt

dunnU a hghl Torce test €amr catse a large percenMUe increase
in the measured diagonals. Reasonable accuracy and precision
can only be achicved when the test instrument is isolated from
vibration as ﬂ\uL,h as possible during testing. Use of an
isolation table or isolation pm form is mandatory. Airbormne
vibrations in the vicinity of the test instrument, such as air
currents and loud noiscs, are (o be aveided.

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

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

X4.33 Temperafure—Control of the temperature of the
specimen, (esting instrumentation, and surrounding area should
be considered. It is recommended that these temperatures be
maintained ar 23 + 3°C. As the length of the measured
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diagonal becomes smaller, it may be necessary (0 increase
control of remperature to reduce variability.

X4.4 Specimens

X4.4.1 Specimen Preparation:

X4.4.1.1 Usnally, test pieces require mounting. Care must
be raken to ensure that the specimens are well supported in the
mounting material, and that the surface to be (ested can be
placed into the test instrument such thart it will be normal to
both the loading and optical axes.

X4.4.1.2 The surface propertics of the test specimen must
not be altered due to specimen preparation. Metallographic
specimen preparation should be performed ugiggs uccepted
technigues known to climinate all preparation;ipgigggd sigior-
mation on the test surface of the specimeyps FE8HE Scgng
tollowed by light re-polishing may be used $eR§AkE Hbltse
the thickness of any deformed layer. E1&&$¢idlishtdg Sdiy
provide surfaces essentially frec of deforiialibh’ duc 1o picpa-
ration when properly performed. Arca be tested must
appear flat in the field of focus of the mcmsmpe u'ed o
measure the diagonals of the indentarion

X4.4.1.3 The surtaces to be tested muldmas. Gevig g:g
possible. Care must be tuken to avoid syfaEiQigiidisont s>
may bc absorbed into the sur hcﬁof <om B3I ST O
polymers or ceramics. : .

S hicrostructure
< 4 Me indentation

dmﬂ should bc upcalu
grain will

results is increased. Indentation diagonff ,lcn«whs C’ﬂt yary
depending upon the number of grain bourgitips 6030t by
the indentation. Multiphase marerial s$Q8ss $0S plovide
indentation diagonal lengths that may hé PéAIbhl o the
volume pereentage of cach phase included #ithis He volume
of deformation caused by the indentation. Tn (A& ibove cascs,
an increase in the number of measurements taken will be
necessary (o provide meaningful results.

X4.5

XA.5.1 Magnification of Microscope—Classic microinden-
tation hardness testers make use of optics that usuvally provide
magnifications from 400 o 600x. Higher magnifications arc
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 scparate high quality light (or SEM measurcments. sce
X4.7.1) microscope capable of providing higher magnifica-
tions.

XA4.5.2 Optical Quality of Microscope—Use of highly cor-
rected objectives with numerical apertures of 0.9 or greater is
recommended. Use of dark ficld illumination or dificrential
interference contrast may improve the contrast of the image
and also enhance the user’s ability to detect the ends of the
indentations.

Instruments
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X4.5.3 Diagonal Measuring Devi measurement
technique and the devices used to perform the measurements
should be capable of discerning differences in length of 0.1 m
or less. Tn some cases, it may be preferable o obtain a
photomicrograph of the indentation first. and mcasure the
length of the diagonal as seen in the photomicrograph. In all
cascs, calibration of magnifications and measuring devices is
necessary.

X4.54 Accuracy of Forces—Often, small indentation diago-
nal lengths are the result of the use of very light forees, in many
s 10 of or less. Force aceuracy of = 1.5 % is required. For
light forces, this reguires 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 morc than 0.02 g
render the results of the test invalid.

5 Loading Rates—When using light forces, the impact
of the indenter on the surface of the test piece can cause
significant inaccuracies t© occur. Use of the slowest loading
r‘gq ;nmlﬂhlc for cach instrument is recommended.

6 Indenters—Greater repeatability, accuracy, and pre-
EHK‘N!'HH] be ohmmcd by the urdul sduuon ol mdcmu:

agrirdpgiare criteria for lhe selection of indenters. Usi

Ldbbtdcturer’s certification, the exact indenter constant should

¢ $lculated and used to minimize crrors.

X4.6 Mcasurcment of Indentations

X4.6,1 Jhflentations that dd® hé gppeur symmerrical should
not be cdifildered valid for §ih804l measurement. A difference
in symiddiés “greater than *fQ

hould be addressed with
b metrical indentations arc
()bluin.s'ih thet alignment t;l'lheeir)écimen o the indenter should
be adjusted. 1 problems pessists, the microindentation
hardness instrument should be serviced by a qualified tcchni-
cian,

X4.7 Scanning Electron Microscope

X4.7.1 Measurement of indentation diagonals u:
ning electron microscope is possible. However, careful Ldll-
bration of the SEM photographic image at the exact magnifi-
cation (o be used is cssential. For these measurements, the
specimen must be perpendicular to the heam, thar is, the tilt
angle should be 0°, The accelerating voltage and other param-
clers 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
(0 the periphery of the SEM ficld of view, as the video signal
can be distorted at the edges of the video monitor.

X4.8 Vidco and Automatic Mcasuring Systems

X4.8.1 Typical video or computerized measuring systems
lack the necessary resolution for obtaining acceprable results
when indentation diagonal lengths are Iess than 20 um. Loss of
resolution within the digitized image can causc 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 mecaswring system, may bc capable of
resolution sufficient to provide accurate results.
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