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Standard Test Method for
Knoop and Vickers Hardness of Materials’

‘This standard is issued under the fixed designation E384: the number immediately following the designation indicates the year of
origingl adoption o, in the case of revision, the year of st tevision. A oumber in parentheses indicates the year of last reapproval. A
superscript epsilon (2) indicates an editoria] change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense.

&' Nore—Sections 8.3 and Al.1.4 were editorially corrected in March 2012.

1. Scope*

1.1 This test method covers determination of the Knoop and
noop and

Vickers hardness of materials, the verilication of
Vickers hardness lesting machines, and the calil
standardized Knoop and Vickers test blocks.

2 This test method covers Knoop and Vi
tests made ulilizing test forces in micro (9.807
N (1 to 1000 gf ) and macro (>9.807 (o
to 120 kgf ) ranges.

Note I—Previous versions of this standard limi
N (1 kgf).

sources ol errors that ca
testing and how these fac]

1.5 Units—When Knoop anid Vickes
develaped. the force lovels were specified

the units ol force and lu)glh in lhu Tnter]
Units (SI); thal is, force in Newtons (N) al
pm. However, because ot the historical preced:
ued common usage, force values in gf and
provided for information and much of the dls(,ussmn in this
standard as well as the method of reporting the test tesults
refers to these units.

LThis test method is under the jurisdiction of ASTM Commitiee EO4 on

and is the direct ibility of ittee 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 jutisdiction of
28.06

Curtent edition approved Aug. 1, 2011. Published August 2011. Originally
approved in 1969. Last previous edition apptoved in 2010 as E384 - 10 2. DOL
10.1520/E0384- 11EOL.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bilitv of regulatory limitations prior 1o use.

2. Referenced Documents

2.1 ASTM Standards:*

C1326 Test Method for Knoop Indentation Hardness of
sAdvanced Ceramics

7. Test Method or Vickers Indentation Hardness of
figed Cerami

for Preparation of Metallographic Specimens

hology Relating (o Metallography

Clice for Using Significant Digits in Test Data (o

mine Conformance with Specilications

Practice ol Calibration ol Force-Measuring Insteu-

Cnts for Verilying the Force Indication of Testing Ma-

hines

Ev2 TestMethod lor Vicks

ardness ol Melallic Materi-

for Metals Relationship
Vickers Hardness, Rockwell
Knoop Hardness, and

Amnng BunLII Hardness,
Hardness, Superficial Hardness,
Scleroscope Hardness

EI75 Terminology of Microscopy

E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E691 Practice for Conducting an Interlaboratory Study (0
Determine the Precision of a Test Method

E766 Practice for Calibrating the Magnilication ol a Scan-
ning Electron Microscope

* For referenced ASTM standards, visit the ASTM website, www.astm.org, of
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.

* Withdrawn. The last approved version of this histotical standard is referenced
on www.astm.org.

4 Summary of Changes scetion appears at the end of this standard.
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2.2 ISO Standards:*

ISO 6507-1  Metallic Materials—Vickers hardness Test—
Part 1: Test Method

ISO/IEC 17011 Conformily Assessment—General Require-
ments for Accreditation Bodies Accrediting Conformity
Assessment Bodies.

ISO/AEC 17025 General R lor the C

recovery after force removal. The test results are normally in

the Knoop or Vickers scales.

3.2.5 macroindention hardness test. n—a hardness test us-
ing a calibrated machine to lorce an indenter of specific
geomelry into the surface of the material being evaluated, in
which the test forces are normally higher than 9.807 N (1 kgt).

of Testing and Calibration Laboratories

3. Terminology
3.1 Definitions—For the slandard detinitions ol terms used
in (his test method, see Terminology E7.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 calibrating, v—delermining the values of the signifi-
ant 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 expt
hardness obtained by dividing the force applicd togiy
indenter by the projected area ol the permancng
made by the indenter.

and Z B = 130 0’ {sec Fig. 2).

3.2.4 microindentation hardness test.
using a calibrated machine to force a di
specific geometry into the surlace of
evaluated, in which the tes( forces are 9. 807 X
(] to 1000 cvl) and the md«.nlauon i

test, it is assumed lhal the m1 )

“ Available from Internation
Ia Voie-Creuse, Case postale i
Www.iso.org. k

{1503, 1, ch. de
fzedand, hig/

L3

Macroi

ion test scales include Vickers, Rockwell and
Brinell.
Nose 3—Use of the term microhardness should be avoided because it

implies that the hardness, rather than the force or the indentation size, is
very low.

2.6 verifying, v—checking or testing the instrument (o
assure conformance with the specitication.

3.2.7 Vickers hardness number, HV, n—an expression of
hardness obtained by dividing the force applied (o a Vickers
indenter by the surface arca of the permanent indentation made
by the indenter.

3.2.8 Vickers indenter, n—a square-based pyramidal-shaped
diamond indenter with lace angles of 136“ (see Fig. I).

3.2.9 scale, n—a specilic combination of indenter (Knoop
ers) and the test force. For example, HV10 is a scale
using a Vickers indenter and a 10 kgf test force and
a scale defined as using a Knoop indenter and a 100
See 3.8 for the proper reporting of (he hardness

lae—The tormulae presented in 5.5 and 5.6 for
& Knoop and Vickers hardness are based upon an
The measured value of the Knoop and Vickers
85 of a material is subject to several sources of erro;
on Eq -9, variations in the applied force, geometrical

orrsey

FIG. 1 Vickers Indenter

ASTM Intemtions!
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rsey

calculated value of a Knoop or Vickegsi#i€asurement 15

discussed in Section 10.

4. Significance and Use
4.1 Hardness lests have been found.fo

cesses and research and de
though empirical in nature,
for many metals, and is
ductility.

ing to mate-

rials that are too (hi ‘pindentalign

4.3 Because the Knoop and Vi
hardness variations that may exist within
test value may not be representative of thé
44 The Vickers indenter usually produce:
similar indentation at all (est forces. Excepl [orgsls at very
low Torces that produce indentations with diagonals smaller
than about 25 um, the hardness number will be essentially the
same as produced by Vickers machines with test forces greater
than 1 kgf, as long as the material being tested is reasonably
homogeneous. For isotropic materials, the two diagonals ol a
Vickers indentation are equal in size. Recommendations for
low force microindentation testing can be found in Appendix
X3.

4.5 The Knoop indenter does nol produce a geometrically
similar indentation as a function of test force. Consequently,
the Knoop hardness will vary with (est force. Duc fo its
thombic shape. the indentation depth is shallower for a Knoop
indentation compared to a Vickers indentation under identical
test conditions. The two diagonals ot a Knoop indentation are
markedly ditferent. Ideally, the long diagonal is 7.114 times
longer than the short diagonal, but this ratio is influenced by

Copyrioht ASTM Intermational
Provided by IHS under license with ASTM

GFFSET
104m max

0op Indenter

recovery. Thus, the Knoop indenter is very useful for
ng hardness gradients or thin coatings of sectioned

test method, a Knoop or Vickers hardness number
is ggigrarined based on the formation of a relatively small
tion made in the test surface of samples being evalu-

A Knoop or Vickers indenter, made from diamond of
pecilic geametry, is pressed inlo (he test specimen surface by

micro aid Hgero-test forte, manes as defined:

~finge . Test Force
Micro 9807 X 10° to = 9.607 N (1 to = 1000 gf)
Macro > 9.807 to = 1176.60 N ( > 1 to = 120 kgf)

3.1 Knoop scale testing is normally performed using
micro-range (est forces (1kg and less) while the Vickers scale
is used over both the micro and macro-ranges.

Note 4—The user should consult with the manufacturer before apply-
ing test forces in the macro-ranges {over 1 kg) with diamond indenters
previously used for micro-range testing. The diamond mount may not be
strong enough to support the higher test forces and the diamond may not
be large enough to produce the larger indentation sizes.

5.4 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). Micro-range
indents are typically measured in um (micrometers) and
macro-range indents are measured in mm. The formulas for
both units are given below.

5.5 The Knoop hardness number is based upon the force
divided by the projected area of the indentation
5.5.1 For Knoop hardness testing, test loads are typically in
grams-force (gf) and indentation diagonals are in micrometers

Mot for Resele.
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{um). The Knoop hardness number, in terms of gf and um, is
calculated using the following:

HE = 1.000 X 10° X (P/A ) = 1.000 X 10° X Pe, X &) (1)
or
= 14229 X PIid? @
2B
tan 5
Indenter constant = ¢, =—— % 3)
2 tan =

force, gl

length of long diagonal. um,
projected area of indentation, um?
included longitudinal edge angle, (7.
included transverse edge angle, 130°
and,

indenter constant relating projected are
dentation to the square of the lengt
diagonal, ideally 0.07028.

c, =

Note 5—HK values fora 1gf (9.807 X 107 N)
in Appendix Xo. To obtain HK values when
employed, multiply the HK value from Table X6.
actual test force, gf.

d«.lumuud as follows:
HK =

where:
P, force, kel and
d, = length of long d

5.5.3 The Knoop hé
determined as lollows:

4 of GPa js

HK = 0.0143;
where:
P, = force. N, and
d, = lenglh of the long diagonal of the fhdiftaing: Hin.

e force

5.6 The Vickers hardness number is bas
divided by the surtace area of the indentation.

5.6.1 For the micro-range Vickers hardness test'loads are
typically in grams-force (gf) and indentation diagonals are in
micrometers (um). The Vickers hardness number, in terms of gt
and um, is calculated as follows:

HV = 1.000 X 10° X P/A, = 2.000 X 10° X P sin (&/2/d  (6)
or
HV=1854.4 X PId® )
where:
P = force, gf.
A, = surface area of the indentation, ym?,
d = mean diagonal length of the indentation, um, and
a = face angle ol the indenter, 136 07 (see Fig. 1).
Note 6—HYV numbers for a 1gf (9.807 X 107 N) test load are

contained in Appendix X6. To obtain HV values when other test forces are

ASTM Intemtions!
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employed, multiply the HV value from Table X6.2 for the d value by the
actual test force, gf.

5.6.2 Macro range Vickers hardness is (ypically determined
using kgl and mm and is calculated as [ollows:

HV = 1.8544 X P\/d,? ()

where:

force, kgl and

= mean diagonal length of the indentations, mm.

.6.3 The Vickers hardness reported with units of GPa is
deurmmed as tollows:

HV = 0.0018544 X Pyd;’ ©
where:
P, = lorce, N, and
d, = mean diagonal length of the indentations, mm.
5.7 Ttis assumed (hat elastic recovery docs not occur when

the indenter is removed atter the loading cycle. Thal is, it is
assumed that (he indentation retains the shape of the indenter
atter the force is removed. In Knoop testing, it is assumed that
the ratio ol the long diagonal o the short diagonal of the
indentation is the same as for the indenter.

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

this standard, the hardness (est results can be
sieral different ways. For example, il the Knoop
Tound to be 400, and the test force was 100 gf, the
may be reported as follows:

“1In the kilogram force system: 400 HK 0.1.

2 In the gram force system: 400 HK 100 gf.

In the SI system: 3.92 GPa.

For nonstandard dwell times, other than 10 I(v 15

with, Pla tic

6. Apparatus

6.1 Test Machine—The test machine shall support the (est
specimen and control the movement of the indenter into thei
specimen under a preselected test force, and should have a light
optical microscope to select the desired test location and (0
measure the size of the indentation produced by the test. The
plane of the surtace of the Lest specimen should be perpendicu-
lar to the axis of the indenter and the direction of the force
application.

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

6.2 Vickers Indenter—The ideal Vickers indenter (see Fig.
1) is a highly polished. pointed. square-based pyramidal
diamond with face angles of 136 (', The effect that geometri-
cal variations of these angles have on the measured values of
Vickers hardness are discussed in Section 10,

6.2.1 The four laces of the Vickers indenter shall be equally
ined (o the axis of (he indenter and shall meet at a sharp

Natfor Resale
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point. The line of junction (offset) between opposite faces shall
not exceed the limits defined in A1.3.5.1.

6.3 Knoop Indenter—The ideal Knoop (see Fig. 2) indenter
is a highly polished. pointed. rhombic-based, pyramidal dia-
mond. The included longitudinal cdge angles are 1727 30" and
130 0”. The ideal indenter constant, ¢, is 0.07028. The effect
that geometrical variations of (hese angles have on the mea-
sured values of Knoop hardness are discussed in Section 10,

6.3.1 The four faces of the Knoop indenter shall be equally
inclined to the axis of the indenter and shall meet al a sharp
point. The ine of junction (offsey between opposite faces shall
nol exceed the limits defined in A1.3.

6.4 When measuring indentation dlaﬂondl lengths 40 um
and larger the test machine’s measuring device shall be capable
of reporting the diagonal lengths to within 0.5 pm or 0.5%
which ever is larger. When measuring indentation diagonal
lengths less than 40 um the measuring device shall he able to
report the diagonal lengths within 0.25 um. In all cg smaller
measurement increments may be reported if lhr: Srtipniant is
capable of displaying smaller measurement in

Nore 7—This is the reported length and may nof
the system used for performing the measurement
length of 200 ym corresponds o 300 filar units or
ing calibration constant would be 200/300 = 0.666]
used to compute diagonal lengths, but the report
reported to the nearest 0.5 or 0.25 pm.

tester or a stand alone instrument,

6.4.2 The optical portion of
have Kéhler illumination (sc
3 To obtain maximui
scope should have adjustag
alignment, aperture, and;

6.4.4 Magnifications
nal can be enlarged to gi
the field width. The device mgy:
magnitying objectives. i

6.5 Verifications—All testers and indentis, usul to:pertirn
Knoop and Vickers hardness tests shall mo fits
defined in Anncx Al prior to performing &

aring micro-
v, adjustable

7. Test Specimen

7.1 There is no standard shape or size tor noop or
Vickers test specimen. The specimen on which the indentation
is made should conform (o the following:

7.1.1 Preparation—For optimum accuracy of measurement,
the test should be performed on a flat specimen with a polished
or otherwise suilably prepared surface. The quality ol the
required surface finish can vary with the forces and magnifi-
cations used. The lower the test force and the smaller the
indentation size, the more critical is the surface preparation.
Specimen preparation should be pertormed in accordance with
applicable section of Guide E3. In all tests, the preparation
should be such that the indentation perimeter and the indenta-

(ion (ips in particular, can be clearly defined when observed by
the measuring system.

7.1.1.1 The test surface shall be free of any delects that
could affect the indentation or the subsequent measurement ot
the diagonals. It is well known (hat improper grinding and
polishing methods can alter test results either due (0 excessive
heating or cold work. Some materials are more sensitive to
preparation-induced damage than others; therefore special
precautions must be taken during specimen preparation. Speci-
men preparation must remove any damage introduced during
these steps.

7.1.1.2 The specimen surtace should not be elched before
making an indentation. Etched surfaces can obscure the edge of
the indentation, making an accurate measurement of the size ol
the indentation diflicult. However, when determining the mi-
croindentation hardness ol an isolated phase or constituent, a
light etch can be used to delineate the object of interest.

7.1.2 Alignment—To obtain usable information from the
test, the specimen should be prepared or mounted so that the
test surface is perpendicular to the axis of the indenter. This can
readily be accomplished by surface grinding (or otherwise
machining) the opposite side of the specimen parallel with the
be tested. Non-parallel samples can be tested using
nd leveling fixtures designed (o align the test surface
the indenter.
nted Samples—In many inslances, it is necessary
e specimen for convenience in preparation and Lo
a sharp edge when surface gradient tests are to be
ed on the sample. When mounting is required, the

rking showing the effect of
de of the piece opposite the
indentation. The thickness 6T the material under test should be
al least ten times (he depth of the indentation. This is also (o be
used as a guideline for the minimum depth of a coating on a
material.

7.1.5 Radius of Curvature —due caution should be used in
interpreting or accepting the results of tests made on spherical
or cylindrical surfaces. 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. Table 1, Table 2 and Table 3
provide correction factors that shall be applied (o Vickers
hardness values obtained when tests are made on spherical or
cylindrical surfaces. The correction factors are (abulated in
terms of the ratio of the mean diagonal d of the indentation to
the diamcter D of the sphere or cylinder. Examples of the use
of these tables are given in Example 1 and 2

Copyrioht ASTM Intermational ;
Provided by IHS under license with ASTM .
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TABLE 1 Correction Factors for Use in Vickers Hardness Tests
Made on Spherical Surfaces

Convex Surface Concave Surface

TABLE 2 Correction Factors for Use in Vickers Hardness Tests
Made on Cylindrical Surfaces
(Diagonals at 45° to the axis)

Convex Surlace Concave Surface

Correction
i Gorrection Factor i Dt Correction Factor Dt Correction Factor
0.004 0.995 0.004 1.005 0009 0.995 0,000 1005
0.009 0,990 0.008 1010 0017 0.990 0017 1020
0.013 0.985 0012 1015 0026 0.985 0.025 1015
0018 0.980 0016 1.020 0035 0.980 0.034 1020
0.023 0975 0.020 1025 0044 0.975 0042 1025
0.028 0.970 0024 1.030 0053 0970 0.050 1030
0.083 0.965 0.028 1035 0.062 0.965 0.058 1035
0.038 0.960 0031 1.040 0071 0.950 0,066 1040
0.043 0.955 0035 1045 0.081 0.955 0.074 1045
0.049 0.950 0090 0.950 0.082 1050
0.055 0.945 0.089 1085
0.061 0.940 0.007 1060
0.067 0.935 0.104 1065
0.073 0.930 0112 1070
0.079 0.925 0118 1075
0.086 0.920 0.127 1080
0.093 0915 0.134 1085
0.100 0910 0141 1090
0.107 0.905 0.148 1005
0114 0.900 0.155 1.100
0.122 0895 0.162 1105
.13 0.169 1.110
0.139 0176 1115
0147 0.183 1120
0.156 0.180 1.25
0.165 0.19 1.130
0175 0203 1435
0.185 1.140
0.195 1.140
0.208 1150
4D = diameter of sphere in il linder.

d'=mean diagonal of indentation Ik

Diameter of sphere, D = 10 mm,
Mean diagonal of impression,
/D = 0.150/10 = 0.015

From Table X6.2, HV = 824
From Table 1, by interpolation, cof®
Hardness of sphere = 824 X 0.983 =

Example 1.
Convex Sphere:

Example 2. Diameter of cylinder, D = 5 mm, Load
Concave Cylinder,  Mean diagonal of impression, d = 0.415 i
One Diagonal /D = 0.415/5 = 0.083

Parallel to Axis: From Table Table X6.2, HV = 523
From Table 3, correction factor =

Hardness of cylinder = 323 X 1.07:

075
=347 HV 30.

Nots 8—A method for correcting Vickers hardness readings taken on
spherical or cylindrical surfaces can be found in the International
Organization for Standardization (ISO) Vickers Hardness Standard
(ISO 6507-1).

8. Procedure

R.1 Test temperature—Knoop and Vickers hardness tests
should be carried out at a temperature within the limits of 10 (o
357C (50 (o 95°F). Because variations within this temperature
range may affect resulls, users may choose (o control empera-
(ure within a tighter range.

8.2 Indenter—Select the desired indenter, either Knoop or
Vickers, to suil the desired test scale to be performed. Refer (o

FtASTH Inemationsl

Provided by IHS under ionse with ASTM

4D = diamgar ok
o= meantiigonal of impression |

the manutacturer’s instruction il for the proper procedure
il it is necessary (o change indenters.

8.2.1 Alter each change. or removal and replacement, of the
indenter it is recommended (hat a weekly verificalion be
performed as defined in A1.3. Al least two preliminary inden-
tations should be made (o ensure hat the indenter is seated
properly. The results of the preliminary indentations shall be
disregarded.

822 Occasionally clean the indenter with a cotton swab
and alcohol. Avoid crealing stalic charges during cleaning.
Indenting a piece of paper will often remove oil from the
indenter

8.2.3 Indenters should be examined periodically and re-
placed if they become worn, dulled. chipped. cracked or
separated from the mounting material. Checks ol the indenter
by the user may be performed by visual inspection of the
resulting indentation; it is sufficient (o verify the absence of
defects from the shape of indentations performed on test blocks

8.3 Magnitude of Test Force—Select the desired (est force
on the tester by following the manufacturer’s instruction:

Mot for Resale.
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TABLE 3 Correction Factors for Use in Vickers Hardness Tests
Made on Cylindrical Surfaces
(One diagonal parallel 1o axis)

Convex Surface Concave Surface

8.7 Test location—Afler the lorce is removed, switch to the
measuring mode. and select the proper objective lens. Focus
lhu image, adjust the light intensity if necessary, and adjust the
s for maximum resolution and contr.

gDt Correction Factor ant Correction Factor
0.009 0.995 0.048 1.035
0.019 099 0.053 1.040
0.029 0.985 0.058 1.045
0.041 0.980 0.063 1.050
0.054 0975 0.067 1.055
0.068 0970 0071 1.060
0.085 0.965 0.076 1.065
0.104 0.960 0.079 1.070
0.126 .95 0.083 1.075
0.153 0.950 0.087
0.189 0945 0.090
0243 0940 0.003

0.007

Concave Surface 0.100

0.103

0.105
DR Correction Factor o108

o411
0.008 1.005 0.413
0.016 1.020 0.116
0.023 1015 0.418
0.030 1.020 0.420
0.036 1.025 E
0.042 1.030

5D = diarneter of cylinder.
d=mean diagonal of impression in millmeters.

8.3.1 After each change of,

that the operation of the ma Drming a

on the tester slage or,
mounlmg fixture on

for opumum fesolution and contras
sample so thal the indentation will be i
location on the test surface. Before applying’

magnification objective available.

8.6 Force Application—Apply the sclected test force as
follows without shock or vibration:

8.6.1 For micro lest force range lesting, the indenter shall
contact the specimen at a velocity between 15 and 70 um/s. For
macro test force ranges the contact velocity should not exceed
0.2 mm/s.

8.6.2 The lime from the initial application of the force until
the tull test force is reached shall not be more than 10 's.

8.6.3 The full test force shall be applied for 10 to 15 s unless
othetwise specified.

8.6.3.1 For some applications it may be necessary to apply
the t¢st Lorce for longer times. In these instances the Lolerance
for the time of the applied force shall be = 2 s. The application
time:shall be defined in the report

8.6.4 Remove the (est force without shock or vibration.

ASTM Intemtions!
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e specimen
indexed-

8 7.1 Examine the indentation lor ils position relative Lo the
desired location and for its symmetry.

8.7.2 I the indentation did not oceur at the desired spot, (the
(ester is out of alignment. Consult the manutacturer’s instruc-
tion manual for the proper procedure to produce alignment.
Make another indentation and recheek (he indentation location.
Readjust and repeat as necessary.

8.8 Indentation examination:

8.8.1 For a Knoop indentation, if one hall of the long
diagonal is greater than 10 % longer than the other, or if both
ends of the indentation are not in sharp focus, the test specimen
surface may not be perpendicular (o the indenter axis. Check
the specimen alignment and make another test. Indents that
exceed the 10% limit should be noted in the test report.

8.8.2 For a Vickers indentation, if one half of ¢ither diago-
nal is more than 5 % longer than the other half of that diagonal.
or if the four corners of the indentation are not in sharp focus.,
the test surface may not be perpendicular to the indenter axis.
Check the spccimcn alignment and make another test. Indents
geed the 5% limit should be noted in the test report.
he diagonal legs are unequal as described in 8.X.1

S has rotated 90°, then the specimen surface is not
peiéadiular to the indenter axis. If the nonsymmelrical

e nonsymmetrical indenta-
the specimen surface are
le crystals or on textured
. When this occurs, check
n, such as a standardized test
tmly shaped indentations. Tes-
al indents on those speci-
mens shall not be used uniil théy meet the requirements of
sections 8.8.1 and 8.8.2.

&8.5 Brille materials such as ceramics may crack as a
result of being indented. Specific details for lcsling ceramics
are contained in Test Methods C1326 and C1327.

8.9 indentation Measurement:

89.1 Measure the long diagonal of a Knoop indentation, or
both diagonals of a Vickers indentation, by operating the
measuring device in accordance with the manufacturer’s in-
struction manual,

8.9.2 Determine the length of the diagonals to 0.5 um or less
(see 0.4). The indentation shall be measured using the highest
magnilication available that allows the full indentation Lo be
seen and measured in the field of view. To stay within the flat
field of the objective. the indentation length should not exceed
75% of the ficld width. The objective selected (o measure the

ligned. Tests o5
- produce sud

indentation should also have an objective resolution (ryy) that
is

= 2% of the diagonal length o be measured. ()b]u,llw
resolution (roy) is a function of the Numerical Aperture (NA)
ol the objective, see Note 9. The minimum recommended

Natfor Resale
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diagonal lengths to be measured by (ypical objeclives are
shown in Table 4. When available, the manufacturer’s recom-
mendations should be followed to stay within the 2% limil.

Nore 9—The objective’s resolution (1) is defined as,

o = N (23 NA) (10)
where:
= the wave length of the light in pm (approx. 0.5 ym for green
lighty
NA = the Numerical Aperture of the objective as defined by the

manufacturer. (The NA is frequently marked on the side of
cach objective.)

Example: For a 50X objective with a NA of 0.65 using green
light. r,= 0.5 ym / (2 X 0.65) = 042 pm

8.9.3 For (he Vickers indentations, average the (wo diagonal
length measurements.

8.10 Knoop or Vickers hardness calculation:

8.10.1 Compute the Knoop or Vickers hardnes:
using the appropriate equation in 5.5 or 5.6 or
Table X0.2, respectively. Table X6.1 and Table,
Knoop or Vickers hardness for indentatio
lengths trom 1 to 200.9 um using 1 gf. If thy

8111 For most testing pug
mended spacing belween sepapdle

illustrated in Fig. 3

8.11.2 For some applig
than those shown in Fig:
spacing is used, it sha
laboratory to verily the a

9. Report
9.1 Report the following information:
9.1.1 The results (see 5.8), the number

appropriate, the mean and standard deviati
9.1.2 Test force,
9.1.3 The total force application time if oulsid

10 to 15 s as defined in 8.6.3.
9.1.4 Any unusual conditions encountered during the test,

and

TABLE 4 Recommended Indent Diagonal Length for Commonly
used Objectives and NA

Commonly used  TypioalNA o T Recommended
Objective (will vary by Diagonal

Magnifications®  objective type) {fex) Hm lengths um
5 0.10 275 137.5 or longer
10 025 1.4 55 or longer
20 0.4 069 34.5 or longer
40% 055 05 25 or longer
505 065 042 21 or longer
100% 08 0.34 17 or longer

“This is the magnification of the objective and may not be the total magnification
of the system. Many systems have a 10x eyepiece that increases the total
magpification by a factor of 10 at the operator’s eye. This additional magnification
does not change the optical resolution (..} or the recommended diaganal lengths.

ASTM Intemtions!
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9.1.5 The test temperature, when the outside the recom-
mended allowable range of 10°C to 357C (50°F to 95°F).

10. Precision and Bias

10.1 The precision and bias of Knoop and Vickers hardness
measurements depend on strict adherence (o the stated test
procedure and are influenced by instrumental and material
factors and indentation measurement errors.

10.2 The consistency of agreement for repeated Lests on the
same malerial is dependent on the homogeneity of the material,
reproducibility of the hardness tester, and consistent, careful
measurement ol 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-
tons; the angle of indentation: lateral movement of the
indenter or specimen; indentation and indenter shape devia-
tions.

10.3.1 Vibrations during indenting will produce larger in-
dentations with the influcnce of vibrations becoming larger as
the force decreases (1, 2).°

10.3.2 The angle between the indenter axis and specimen
surface should be within 27 ol perpendicular. Greater amounts
of tilting produce nonuniform indentations and invalid test

ogeneity, orientation or texture effects; improper
ion; low specimen surlace reflectivity: trans-
the specimen.

esidual deformation from mechanical polishing
emoved, particularly for low-force testing.

“2 Distortion ol the indentation shape due (o cither
](wmphic or microslrucluml texture influences diagonal

*_ing indenling can produce
phery that will alfect diago-

; s, depending on the extent
of elchifg. cafizproduce vl that are different from those
obtained on unetitied surtades (ﬂ.

10.5 Measurement errors that can affect (est results include:
inaccurate calibration of the measuring device; inadequate
resolving power of the objective; insullicient magnification;
operator bias in sizing the indentations; poor image quality
nonuniform illumination, improper zeroing of the measuring
device.

10.5.1 The accuracy of Knoop and Vickers hardness testing
is strongly influenced by the accuracy to which (he indentations
can be measured.

10.5.2 The error in measuring the diagonals increases as (he
numerical aperture of the measuring objective decreases (3, 4).

10.5.3 Bias is introduced if (he operator consistently under-
sizes or oversizes the indentations.

10.6 Some of the factors that alfect (est results produce
systematic errors that influence all test results while others
primarily influence low-force test results (5). Some of these

*The boldface numbers in parentheses tefer to the list of references at the end of
this standard,
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FIG. 3 Minimum Re

problems occur continually, others may oct an undefined,
sporadic manner. Low force hardness (estsidie influel
these factors (o a greater extent than high force, s

10.7 For both the Vickers and Ki
caleulated hardness is a funcliga:
indenter geometry and diago
tials of the equations used (o ¢
(o evaluate the effect variatj

10.7.1 Vickers—using
Vickers hardness numbg

avy _ 5 5 (&
(W)74><10 X PXd” sin (f 13)
av «
(ﬂ):m3 X P X d? cos (7) (14)

For a material having a hardness of 500 HV when tested with
a 500 gf force, d = 43.06 pm, a = 1367, and

=0.927184.

10.7.1.1 Consider introducing a 1 % error into the hardness
of the material through an error in either the applied force, the
indenter constant or the measured diagonal length. Tn this case,
the hardness would be HV' = 505 or ¢V = 5. Using Eq 12-14,
the corresponding errors in the various parameters are as
shown in Table 5. Thus a 1 % change in P or a 2.836 % error
in e creates a | % error in the Vickers hardness number.
However, only a 0.5 % error in (he measured diagonal is
needed Lo create a 1 % error in Vickers hardness. Furthermore,

i 3]

Copyrioht ASTM Interaional
Provided by IHS under license with ASTM

ing for Knoop and Vickers Indentations

TABLE 5 Vickers Hardness Analysis—1 % Error

19% Error

Diagonal, ym AP, gi A Diagonal, ym A Angle, ©
5.090 0.100 ~0.030 2836
8612 0200 0043 2836
13617 0.499 ~0.068 2836
19.258 0999 ~0.096 2836
27.035 1.998 ~0.136 2836
43062 4.994 0215 2836
60899 9.988 ~0.304 2836

2° 50 24

ng Eq 1, it follows that:

_ (9K K aK
K= (W)JPJr (rcp)dcp + (W)dd 15)
10° dP+10’ L1 10° P a 16
FAr AL 10

and since the indenter has (wo different angles, A and B,

a7

(18)

and

(19)

"
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10.7.2.1 Using the dilferentials cited in 10.7.2, for the
Knoop test at various forces, for a 1 % error in hardness that is,
HK = 505 or dK = 3, the corresponding errors in the foree,
diagonal measurement and indenter angle are as shown in
Table 6. From this analysis it follows that | % error in P creates
a1 % error in HK. 0.5 % error in the measured diagonal creates
a1 % ercor in HK, and 1 % errorin ¢ creates a | % error in HK.

10.7.2.2 Since the indenter constant is composed of terms
from two difterent angles, either a 4° 3" error in Z A, or a 26
20" error in £B produces a 1 % error in HK. Unlike the
Vickers indenter, the calculated Knoop hardness number is
very strongly influenced by small errors in the (wo angles of
the indenter. The A angle, 172° 30 007, is the most sensitive of
these parameters. The actual value ol ¢, for each indenter can
be caleulated using the certified A and B angles provided by the
indenter manufacturer. This will enhance the accuracy of the
lest measurements.

]0 8 ()\ era pcrind OI' sey «:rul years. l'nur scpmﬂl'

Lcrlabn—

follows:
a) Knoop and Vickers Lests, six (est forces
twelve laborator manual measuremen
hardness level samples. See 10.8.1 and Apj
b) Knoop and Vickers ests, two test foree:
seven laboratories, Image Analysi;
four ditferent bardness level sample:

seven different
dix X3,

¢} Knoop and Vickers (ests, sj;
twenly-five laboratories, ma
hardness level samples. Si
d) Vickers tests, four &
labocatories, manual  ryig;
levelsamples. See 10.8

10:8.1 An interlaborator
accotdance with Practice E
ing the precision, (Lp&,dldhllll\' and
measurement of Knoop and Vickers indenf
ranges®. The lest forces were 25, 50, 100,
gl on three ferrous and four nonferrous
Twelve laboratories measured the indentatis

ini hardness

© Supporting data have been filed at ASTM Intemational Headquarters and may
be obtained by requesting Rescarch Report RR:E04-1004.

TABLE 6 Knoop Hardness Analysis—1 % Error

fange, seven i

type al cach force on cach sample. Additional details of this
study are given in Appendix X3.

10.8.1.1 Tests of the three ferrous specimens revealed that
nine laboratories produced similar measurements while two
laboratories consistently undersized the indentations and one
laboralory consistently oversized the indentations. These latter
results were most pronounced as the force decreased and
specimen hardness increased (that is. as (he diagonal size
decreased) and were observed for both Vickers and Knoop
indentations. Results for the lower hardness nonlerrous inden-
tations produced beller agreement. However, none of the
laboratories that obtained higher or Jower results on the ferrous
specimens measured the nonterrous indentations.

10.8.1.2 Repeatability Interval—The difference due (0 test
error between (wo (est resulls in the same laboratory on the
same malerial increases with increasing specimen hardness and
with decreasing test lorce (see X34.4).

10.8.1.3 Reproducibility Interval—The difference in test
results on the same material tested in different laboratories
increased with increasing specimen hardness and with decreas-
ing test force (sec X3.4+.5).

10.8.1.4 The within-laboratory and between-laboratory pre-
Cisk alues improved as specimen hardness decreased and
increased. The repeatability interval and reproduc-
val were generally lacger than the precision esti-
rly al low test forces and high specimen hard-

'mage Analysis Measurements—An interlaboratory
¢ram was conducted in accordance with Practice E69(
egheelop information regarding the repeatability and repro-
igebility of Knoop and Vickers measurements made with
utomated Image Analysis systems and manual procedures.
n the round robin. The test
0 gf. The participants in the
dhgsieme indentations on the four
: the specimens using both
ons on specimen C 1 were too
long for accurale measurerfiéis (0'be made by one lab: hence.
only six sels ol 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. Additional details of the study are contained in
Appendix X4,

10.8.2.1 Repeatability concerns the variability between in-
dividual (est results oblained within a single laboratory by a
single operator with a specilic set of lest apparatus. For both
the manual and ate the rep ility
interval increased with specimen hardness and du.rcasmw test
force, Appendix X4, For equivalent testing conditions, the

measured

1% Error

A diagonal, B B

Force, gm Diagonal, um A Pgf e AA, AB,
10 16.87 0.10 ~0.08 0075 0.439
20 23.86 020 -0.12 0075 0.439
50 37.72 050 -0.19 0075 0.439
100 5335 1.00 027 0075 0439
200 75.45 200 -0.38 0075 0439
500 119.29 500 060 0075 0439
1000 168.71 10.00 -0.84 0075 0439
430 26 207

ASTM Intemations!
Provided by IHS under license with ASTM

y interval for a 2 was slightly
Idr«ru than for manual measurements.

10.8.2.2 Reproducibility deals with the variability between
single test results obtained by different 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 lest force, Appendix X4, For equivalent testing

12
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conditions, the reproducibility interval for automated measure-
ments was slightly larger than for manual measurements.
10.8.2.3 Practice E6Y1 nor any other ASTM standard deals
with comparing test results ol a single property made by (wo
different test methods. Henee it is not possible Lo slatistically
and accurately compare the hardness measurements made by
the manual and automated procedures. However, this informa-
tion is graphically represented for comparalive purposes, X4.6.
10.8.3 The precision of this test method is based on an
interlaboratory study of E384-07, Standard Test Method for
Microindentation Hardness of Maleri: conducted in 2007,
Twenty-tive laboratories tested a (otal of Terrous materials
for Vickers Hardness and thirteen laboratories submitted
Knoop Hardness results. Every “test result™ was recorded, and
the laboratory means represent an average of five individual
determinations (for Knoop) or five separale measurements,
each the average of (wo readings (for Vickers). Pragtice Ea91
was followed for the design and analysis of the datag#ie. details
are given in ASTM Research Report No. E04-1 g

7 Supporting data have been filed at ASTM Intemnatiogi Hésitquarters and fily
be obtained by requesting Research Report RR:E04-1004 :

Test Force
o

Specimen

10.8.3.1 Repeatability limit (r)—Two test results oblained
within one laboratory shall be judged not equivalent if they
ditfer by more than the 1™ value for thal material: ™1™ is the
interval representing the critical difference between two test
results for the same malerial, obtained by the same operator
using the same equipment on the same day in the same
laboratory.

10.8.3.2 Repeatability limits in diagonal lengths (um) are
listed Table 7 and Table & and in hardness units (HK, HV) in
Table 9 and Table 10.

10.8.3.3 Reproducibility limit (R)— Two (est results shall be
judged not equivalent if they differ by more than (he “R™ value
for that material; “R™ is the interval representing the critical
difference between (wo test tesults lor the same material,
obtained by different operators using different equipment in
different laboratories.

10.8.3.4 Reproducibility limits in diagonal lengths (um) are
listed in Tuble 7 and Table & and Fig. 4 and Fig. 5 and in
hardness units (HK, HV) in Table 9 and Table 10 and Fig. 6 and
Fig. 7.

10.8.3.5 The above terms (repeatability limit and reproduc-
ibility limit) are used as specified in Practice EI77.

identation Hardness Test for Ferrous Specimens in

Standard
Deviation
{m)

Sn ' R

Limit {um) Limit {um)

154
1.66
228
350
3.02
3.16
1.04

ASTM Intemtions!
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TABLE 8 Precision statistics for an Interlaboratory Study of the Vickers Microindentation Hardness Test for Ferrous Specimens in
Diagonal Units (um)

Specimen Test Force Average Standard
(gh Diagonal Deviation Standard Standard Limit {um) Limit {um)
um) (um) Deviation Deviation
(Hm} {um}
s, Sn v R
A 25 030 0.80 085 224
50 034 068 095 191
100 0.45 070 1.26 1.96
300 072 099 202 277
500 3146 247 113
1000 153 366 4.28
B 2 0.46 069 128
50 0.42 063 1.18
100 052 1.09 147
300 050 084 141
500 060 1.00 169
1000 072 1.46 203
c 25 056 054 156
50 0.46 057 129
100 045 062 125
300 043 059 120
500 059 067 164
1000 065 093 183
D 100 050 082 1.40
300 048 080 135
500 055 070 154
1000 077 097 215
E 100 0.43 052 120
300 0.46 070 130
500 0.46 055 130
1000 0.46 067 129
T 300 0.49 0.49 138
500 055 059 153
1000 055 069 153

10.8.3.6 Any judgment
10.8.3.1 and 10.8.3.3 wo
ability of being correct.

10.8.3.7 The precisill
statistical examination ¢
on six lerrous materi
described as:
Specimen A: H13, mill annealed. hardness:
Specimen B: HI3, austenitized. quenched.
HRC
Specimen C: HI3, austenitized, quenched,
HRC
Specimen D: H13, austenitized, quenched, and

statements

Specimen E: Ol, austenitized. quenched and tempered O1
steel, ~ 60 HRC

956 prob-

:of (he Vickers hardness of the material. Each laboratory
ked to report triplicate test results in order to permit the
®stimation of Intralaboratory precision. Practice E691 was
Iollowed Laisthe design and asitysis of the dala; the details are
No. RR:E04-1007.%

—Two test results obtained

tic for (hat material: “17 is the
difference between (wo lest
results for the same malmul obtained by the same operator
using the same equipment on the same day in the same
laboratory. Repeatability limits are listed in Tables 11-15
below.

10.8.4.2 Reproducibility limit (R}—Two test results shall be
judged not equivalent if they ditfer by more than the “R™ value
lur that material; “R™ is the interval representing the critical

P T: T15 P/M, austenitized, quenched and pered ~
67 HRC
To judge the equivalency of (wo test results, it is recommended
to choose the malterial closest in characteristics to the test
material.

10.8.4 The macro Vickers precision statement is based on an
interlaboratory study of E92, Standard Test Method for Vickers
Hardness of Metallic Materials, conducted in 2001. (With this
n Test Method EY2 is now part of E384) Seven
laboratories (ested three ditferent standard hardness test blocks
using macro range test forces of 1kg, 5kg, 10kg, and 20kg.
Only four laboratories were also able Lo provide results at S0kg
test force. Every “test result”™ represents an individual determi-

ASTM Intemtions!
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between two test results for the same material.
obtained by different operators using different equipment in
different laboratories. Reproducibility limits are listed Tables
11-15 in below.

10.8.4.3 The above terms (tepeatability limit and reproduc-
ibility limit) are used as specified in Practice EI177.

10.84.4 Any judgment in accordance with statements
10.8.4.1 and 10.8.4.2 would have an approximate 95%: prob-
ability ol being correct.

® Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Rescarch Report RR: RR:E04-1007.

12
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TABLE 9 Precision statistics for an Interlaboratory Study of the Knoop Microindentation Hardness Test for Ferrous Specimens in
Hardness units (HK)

Specimen Test Force Average
Diagonal

{um)

Standard
Deviation
(HK)

Standard
Deviation
(HK)

Standard
Deviation
(HK}

s, Sn v R

Limit (HK) Limit (HK)

135 2429
1.39 17.03
12.02 15.49
9.48 1291

estimate the bias of this test T :
10.8.4.6 The precision statlement was gifs

following:
Malerial 1: 200 HV
Malterial 2: 400 HV
Malterial 3: 800 HV
11. Conversion to Other Hardness Scales or Tensile
Strength Values

11.1 There is no generally accepied method for accurate

conversion of Knoop or Vickers hardness numbers (o other

Seades or lensile stiergifi values. Such conversions are
: i Used wilh caution. exc pt for
special gases iuher 8is for the conversion has been
obtdified by compatison tesgiiFofdoads = 100 gf microinden-
tation Vickers hardness numbers are in reasonable agreement
with macroindention Vickers hardness numbers. Refer to Test
Method E 140 for hardness conversion tables for metals.

12. Keywords

12.1 hardness: indentation; Knoop; microindentation; mac-
roindentation; Vickers

Copyrioht ASTM Intermational 13
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TABLE 10 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 Limit (HV) Limit (HV}
{um) (HY) Deviation Deviation
{HV) (HV}
S, Sp r R

A 10.38 27173 29.46 7852
8.1 16.23 2269 45.77
7.52 11.70 21.08 3284
€.73 9.26 18.90 25.94
6.33 2275 17.78 8.13
6.56 7.66 18.34 21.45
B 28.37 5224 78.48 146.56
19.15 3498 5251 98.63
22.81 30.42 63.85 86.24
10.08 16.81 28.24 47.43
9.22 43.32
36.29
C 115.71
€9.32
47.79
26.70
28.07
21.98
D 35.36
19.55
17.15
16.72
E 117.35
71.56
55.03
38.15
T 112.09
985.35
8611

£

=

-~

[

R =0.0163 * Diagonal + 2.5413
R? = 0.6651
0
0 50 100 150 200 250
Diagonal (¥m)
FIG. 4 The i ip between ibility (R) and Diagonal length (d) from Table 7 in um units, for the Knoop Hardness Tests

for Specimens B, C, D, E a
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3
Vickers Reproducibility

2 .
— . - -7
£ LI o« ¥ L
= « 2" 2T, . .
e e -
[ R=0.0103 * Diagonal +1.112

R?=0.5604
0
0 20 50 80 100

FIG. 5 The Relationship between Reproducibi(jfy:#nd Diagonal Ienglh @ able 8 in um units, for the Vickers Hardness Tests for

Specimens, B

285

N
a

Reproducibility, Res (HK}
ggsd

250

Dlagonal Length (um)

FIG. 6 The Relationship between Reproducibility (R) and Diagonal length () from Table 9 in HK units, for the Knoop Hardness Tests for
Specimens B, C, D, Eand T
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Vickers Reproducibility
{Specimens B, C, D, E and T} (HV units)

Test Block
Norninal Average Repeatability Reproducibility
Hardness (HY) Limit (HV} Limit (HY)
(HV)
v R
200 15 19.9
400 228 437
800 61.1 61.1
Test Block
Norninal peitibility Reproducibility
Hardness L) Limit (HV)
(HV) i
R
200 14.5
400 13.3 205
800 26.0 54.6
TABLE 13 Vickérs hardness at 10 kgf Test Force (HV)
Test Block Repeatability Reproducibility
Norninal Average Bias Standard Standard Repeatability Reproducbility
Hardness (HY) Deviation Deviation Limit (HV} Limit (HY)
(HY) (HY)
X % s, sa " R
200 198.1 N/A 21 3.0 6.0 8.5
400 398.5 N/A 29 a1 82 254
800 800.2 N/A 2.3 1.7 6.6 32.7
Copyrght ASTH ntmational 15
Proveed i WS undar oanse it
No repraduion of netuorking permitied without icense rom IHS
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TABLE 14 Vickers hardness at 20 kaf Test Force (HV)

Test Block Repeatabilty Reproducibility
Norninal Average Bies Standard Standard Repeatability Reproducibility
Herdness (HY) Deviation Deviation Limit (HY) Limit (HV)

(Hv) (HV)
X % s, sq v R
200 197.2 NA 18 35 49 9.9
400 4157 NA 25 5.1 7.0 142
800 8115 NA 83 16.6 233 46.6
TABLE 15 Vickers hardness at 50 kgf Test Force (HV)

Test Block Repeatability Reproduchbility
Norninal Average Bias Standard Standard Repeatability Reproducibility
Herdness V) Deviation Deviation Limit (HY) Limit (HV)

(HV) (HY)

X % s, sr v R
200 191.2 NA 05 15 14 43
400 399.9 NA 14 20 341 57
800 8144 120 7.7 336
(Mandatory Inforzii
Al. VERIFICATION OF KNOGP AND Y] ER. HARDNESSTESTING MACHINES AND INDENTERS
ALI Scope 1 Verification Schedule for a Knoop and Vickers

ALLL Annex Al specifie:
verilying Knoop and VlC}\Ll i
veritication, indirect veri
annex also contains geo
Al.1.2 Direct verili

indentation measuring sys
AL13 Indirect verific:
verifying the pecformance of the testing nig
standardized test blocks.
Al.14 The weekly verilic:
the performance of the testing machine
verifications by means of standardized test blog]

Al.2 General Requirements

Al.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified in Table A1.1,
and when circumstances occur that may affect the performance
of the testing machine.

A12.2 All instruments used to make measurements re-
quired by this Annex shall be calibrated (raceable 0 national
standards when a system of traceabilily exists, excepl as noted
otherwise.

A1.2.3 Indirect veritication of the testing machine shall be
performed at the location where it will be used.

Al1.2.4 Direct verification of newly manufactured or rebuilt
testing machines may be performed at the place of manufac-
ture, rebuild or the location of use.

Note Al.I—It is recommended that the calibration agency that is used _

ASTM Intemtions!
Provided by IHS under license with ASTM

Hardness Testing Machine

Schedule

When a testing machine is new, or when adjustments,
modifications or repairs are made that could affect the
application of the test forces or the measuring system.
When a testifigiitiiehine fails an indirect verification.

Shall be pépfpgttied following a direct verification before
plesng g tesiEin servico.

Required each week that the machine is used.
Required whenever the machine is moved
Recommended whenever the indenter or test force is
changed.

Weekly Verification

to conduct the verifications of Knoop or Vickers, hardness testing
machines and indenters be accredited to the requirements of ISO/MEC
17025 (or an equivalent) by an 1ccrsd||mg an body recognized by the

Laboratory (ILAC) as operating
to the requirements of ISO/IEC 17011.

1.3 Direct Verification
ation ol the (esting machine shall be
performed at specific instances in accordance with Table ALl
The (est forces, indentation measuring system, lesting cycle,
and indenters shall be verified as follow:

Nore Al.2—Direct verification is a uscful tool for determining the
sources of error in a Knoop or Vickers hardness testing machine. It is
recommended that testing miachines undergo direct verification periodi-
cally to make certain that errors in one component of the machine are not

17
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being offset by errors in another component.

Al1.3.2 Verification of the Test Forces—For cach Knoop and
Vickers hardness scale. or both, that will be used, the corre-
sponding test force shall be measured. The test forces shall be
measured by means of a Class A clastic force measuring
instrument having an aceuracy of at least 0.25 %, as des
in Practice E74.

Al1.3.2.1 Make three measurements ol each lorce
forces shall be measured as they are applied during tes
however, longer dwell times are allowed when necessary (o
enable the measuring device to obtain accurate measurements.

A1.3.2.2 Each (est force P shall meel (he requirements
specified in Table A1.2.

A1.3.3 Verification of the Indentation Measuring System—
Each magnification of the measuring device used to determine
the diagonal of the indentation shall be verified at five evenly
spaced intervals over the working range by compar;
curate scale such as a stage micrometer. The a
certified line interval of the stage micrometer sha
or 0.05 % of any interval, which cver is greater,;
range covered, the difference between the rea
and of the stage shall not exceed 0.4 pm or,g;
is grealer.

A] ?4 Vbrzﬁ(‘arwn of the Te:tmg C\(‘I'

ma-

L,ydu In]uancu specified in 8.6. Direcl
Iulmg LVL]L is to bu \'mlled by the testing mgich

Note Al.3—Instruments;

other nonadjustable comp

Al
indenter s
service. The device used to \:.nl_v the indenier angles
have a maximum uncertainty of * 40
geometry tolerances are specified as follow:

A1.3.5.1 Vickers Indenter:

(1) The Vickers diamond indenter, sec Fid
standard testing and indirect verifications shall*have face
angles of 1367 0" = 30°. As an alternate, the 1367 face angles
may be verified by measuring the angles between the opposite
edges rather than (he faces. When measured, (he cdge angles
shall be 148° 6° 36" = 45°. The edge angles shall be equally
inclined to the axis of the indenter within = 30°.

(2) The offset shall not exceed | pm when testing with test
forces of 1 kef and greater. When testing with forces less than
1 kgf the offset shall not exceed 0.5 um.

Note Al4—Itis permissible to verify the offset by using a microscope

TABLE A1.2 Accuracy of Applied Forces
Applied Force, gf
P <200

Accuracy, %
15

P =200 1.0

with at least 500X magnification to view an indentation created by the
indenter and compare the offset length to a known dimension.

(3} The four taces of the diamond shall be equally inclined
to the axis of the indenter o within + 30"

Al.3.5.2 Knoop Indenter:

(1) The Knoop diamond indenters (see Fig. 2, used for
standard (esting and indirect verifications shall have included
longitudinal edge angle A of 172° 30" £0.10” (67)

(2) The corresponding angle B = 130° must be conlained
within the dimensions listed in Table AT.3 and graphically as
described by Fig. Al.T.

(3) The indenter constant (¢,) shall be 0.07028 within + |
% 0.06958 = ¢ = 0.07098).

(4) The off )l shall not be more than 1 pm in length for
indentations greater than 15 pm in length, as shown in Fig. 2.
For shorter indentations the offset should be proportionally
less. (See Note Al 4.)

(3) The four faces of the diamond shall be equally inclined
to the axis of the indenter to within = 307
6 Direct Verification Failure—Il any of the direct
veritications fail the specilied requirements, the testing ma-
chine shall not be used until it is adjusted or repaired. If the test
forces, indentalion measuring system or lesting cycle may have
begizdlected by an adjustment or repair, the aftected compo-
iergs skl be veritied again by a direct verification.
direct Verification—Following a successful direct

ill be used prior to the next
! Lests made using Knoop or
Vickers hardness scales thdtfiave nol been verified within the
schedule given in Tuble A1.1 do not meet this standard.

A1.4.3 Standardized test blocks used for the indirect veri-
fication shall meel the requirements of Annex A2,

Nore ALS5—TIt is recognized that appropriate standardized test blocks
are not available for all geometric shapes, materials, or hardness ranges.

Al.4.4 The indenter(s) (o be used for the indirect verifi
tion shall meet the requirements of A1.3.5.

Al.45 As-found Condition—Il is recommended (hat the
as-found condition of the Lesting machine be assessed as part of
an indirect verification. This is important for documenting the
historical performance of the machine. This procedure should

TABLE A1.3 Angular Tolerances for Knoop Indenters

B Angle,
AAngle, ®
Minimum Maximum
1724 126.97 12985
1726 130.15 131.02

ASTM Intemtions!

Provided by IHS under license with ASTM

18

Natfor Resale



Ay E3sa - 11!
ul

131.5
131.0
130.5
130.0
128.5 - 1%
128.0 - —1%
128.5 + L + + + 1

1723 172.4 1725 1726 172.7
A angle

1% Error for Cp

B angle

FIG. A1.1

Regions of

the
Knoop Indenter Angles

Knoop or Vickers hardness scale that wi
verification.

Note Al.6—When testing at low,
the number of tests in order to ol

Al14.5.3 Delermine the
the performance of the (g
test block (hat is mea
section Al.7. ot

A14.54 The repeatabili
within (he tolerances of Tabl:

A1.4.5.5 If the calculated values ol the repmlabllll
the error E fall outside the specified (o] g
indication that the hardness tests made si
verification may be suspect.

Al.4.6 Cleaning and Maintenance—Perft
routine maintenance of the testing machine whi
accordance with the manufacturer’s specifications &hd instruc-
tions.

A14.7 Indirect Verification Procedure—The indirect veri-
fication procedure is designed (o verify that for all of the
Knoop and Vickers bardness scales (0 be used, each test lorce
is being accurately applied. each indenter is correct, and the
measuring device is calibrated correctly for the range of
indentation sizes that these scales produce. This is accom-
plished by making hardness measurements on test blocks that

TABLE A1.4 Hardness Ranges Used for Indirect Verification

Range Knoop Vickers
Low <250 <240
Mid 250-650 240-600
High > 650 > 600

Copyrioht ASTM Intermational
Provided by IHS under license with ASTM

have been calibrated for appropriate Knoop and Vickers
hardness scales that employ cach of the corresponding test
forees.

Al.47.1 The testing machine shall be verified with the
user’s indenter(s) normally used for (esting.

Al.4.7.2 A minimum ol two standardized test blocks shall
be used for the verification of the testing machine. The
hardness values and hardness scales of the est blocks shall be
chosen such that the following criteria are met:

Al1.4.7.3 Each est force will be used.

Al.4.74 At least one hardness test block calibrated accord-
ing to Annex A2, shall be used for cach scale (o be verified.

AL4.7.5 Al least two ol the blocks shall be from different
bardness ranges, low, mid or high hardness as specified in
Table Al.4. The hardness difference between the two blocks
used for verification shall be a minimum of 100 points. For
example, il only one scale is to be verified, and one block
having a hardness of 220 is used (o verify the low range. then
a block having a minimum hardness ot 320 shall be used to
verify the mid hardness range. See more examples below of the
test blocks needed when performing multi-scale verifications.
Al1.4.7.6 The highesl test force shall be verified on a block
om:the lower ol the chosen hardness ranges to produce the
Jatagstindentation size, and the lowest test force shall be used

ize will verily the capability of (he measuring

e I—A testing machine is to be verified for the HV
HK | scales. Two lest blocks are chosen for the
ation: 450 HV 0.5 (mid- range) and 200 HK 1 (low-
). In this case, both of the test forces are verified by using
i st force (1000 01) is used ona

the \mllum(m 720 HK 0.1 (hlgh mn\'c.) 48() HV 0.5 (nud-
range) and 180 HV 1 (low-range). In this case, there are three
(est lorces that must be veritied. The highest test force (1000
al) is used on a low-range hardness block, and the lowest test
force (100 gl scale is used on the high-range test block. The
middle test force (300 gf) scale could be used on cither a
low-range or mid-range Lest block.

Example 3— A testing machine is to be verified for the HV
0.5 and HV 1 scales. Two lest blocks are chosen for the
verification: 150 HY (low-range) and 450 HV (mid-range). In
this case. both of the test forces are verified by using only (wo
blocks. The highest test force (1000 gfy is used on a low-range
hardness block, and the Towest test force (500 gf) is used on a
mid-range (est block, which is (he higher of the (wo hardness
ranges

Example 4- A tesling machine is to be verified tor the HV
1000 gf, HV 3000 gl and HV 5000 gf scales. Three (est blocks
are chosen for the verification: 180 HV (low-range). 480 HV
(mid-range) and 720 HV (high-range). In this case, there are
three test forces that must be verified. The highest test force

12
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TABLE A1.5 Repeatability and Error of Test M:

by Test Blocks Based on Measured Diagonal

Lengths
Using Test Forces 1000 gf and Less”
Fina
Hardness Range of Force, Maximum Maximum
Standardized Test Blocks of Repeatability Error
(%) (%)?
Knoop Vickers

HK > 0 HY >0 1= P <100 13 3
HK < 100 HY < 100 100 = P < 1000 13 3
100 = HK = 250 100 = HV = 240 100 = P < 500 13 2
250 < HK = 650 240 < HV = 600 5 2
HK > 650 HY > 600 4 2
100 = HK = 250 100 = HV = 240 500 = P = 1000 8 2
250 < HK = 650 240 < HV = 600 4 2
HK > 650 HY > 600 3 2

A1 all cases, the repeatabilty is Satistactory if (¢, 0,y is equal to 1 um or less.

i all cases, the error is satisfactory if £ from Eq A1.2) is equal tg 0.5m of less.

TABLE A1.6 Repeatability and Error of Test Machiy rect Verifi

ication by Standardized Test Blocks Based on Measured Diagonal

greater than 1000 gf*

Hardness Range of
Standardized Test Blocks

=100 to = 240
> 240 to = 600
>600

“1n all cases, the repeatability is satisfactory if. (d,,,,, <
BIn all cases, the error is satisfactory if &4

(5000 gf)is used on a low-ran;
test torce (1000 gf) scale
The middle test force (3
a low-range or mid-ran

on either

e tive mea-
sulumnls distributed unifd;
d,, d5 be the live indental

lupcalahlllly R,,,d and the error E in the §
testing machine using Eq Al.1 and Eq Al.
each hardness level of each Knoop and Vil
(o be verified. The repeatability R, and thé“ét
within the tolerances of Table A1.S or Table AT

AL47.8 Ifthe of error E or iy Ry
using the user’s indenter fall outside of the specitied tolerances,
the indirect verification measurements may be repeated using a
different indenter.

A1.4.7.9 The indirect verification shall be approved only
when (he (esting machine measurements of repealability and
error meet the specified (olerances with the user’s indenter.
4.8 In cases where it is necessary to replace the indenter
during the period between indirect verifications, the new
indenter must be verified for use with the specific testing
machine. The user shall perform the verification by following
the as-found procedures given in Al 4.3, If the repeatability,
R, and error, E, values lall within the tolerances in Table
ALS or Table Al1.6 the indenter can be used.

A1.4.9 When the combination of block hardness and test
force produces indentations with diagonals less than 20 um

ASTM Intemtions!
Provided by IHS under license with ASTM

P E
Maximum Maximum
Repeatability Error
(%) %)®
4 2
3 2
2 2

irect verification using standardized test blocks is not
imended. In (hese situations, the indentation measure-
presents a significant proportion of the diagonal
an lead (o substantial deviations in hardness from
e errors are contained in

2

Section 6. Also see Appendix X5.
Recomst Microindentation Hardness
Testing;

ALS5 Weekly

Al1.5.1 The weekly verification is intended as a tool for the
user to monitor the performance of the (esting machine
between indirect verifications. At a minimum, the weekly
verification shall be performed in accordance with the schedule
given in Table Al I for each Knoop and Vickers hardness scale
that will be used. The weekly procedure shall be preformed
whenever the (esting machine is moved.

A152 It is recommended that (he weekly veritication
procedures be performed whenever the indenter or test force is
changed.

Al1.5.3 Weekly Verification Procedures—The procedures (o
use when performing a weekly verification are as follows.

ALS5.3.1 Al least one standardized test block that meets the
requirements of Annex A2 shall be used for each hardness scale
to be used. When (est blocks are commercially available, the
hardness level of the test blocks shall be chosen at approxi-
malely he same hardness value as the material (o be measured.

A1.5.3.2 The indenter to be used for the weekly veriticalion
shall be the indenter that is normally used for (esting.

Natfor Resale
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Al1.5.3.3 Before performing (he weekly verification tests.
ensure that the testing machine is working freely, the stage and
test block are clean. and the measuring device is properly
adjusted and zeroed.

Al1.5.34 Make at least three hardness measurements on
each of the verification test blocks. The tests shall be distrib-
uted uniformly over the surface of the (est blocks.

A1.5.3.5 Let d be the average of the measurements. Deter-
mine the error E in (he performance of (he (esting machine
using Eq AL.3 for each slandardized test block (hat is mea-
sured.

A1.5.3.6 If the error E calculated lor each test block is
within (he tolerances given in Table A5 or Table Al.6, the
(esting machine with the indenter may be regarded as perform-
ing satisfactorily.

AlS537 1 IhL error E calculated for any of the test blocks
is outside the tolerances, follow the manulacturggs, trouble
shooling recommendations and repeat the test. I( theavs [
the hardness measurements again falls outside
any of the test blocks, an indirect verificali
formed. K

A1.5.3.8 Whenever a testing machine [
cation, the hardness tests made since the
verification may be suspect.

ALG6! Verification Report

AlL6.1 A verilication 1
indiréet verifications. A
weekly verification

A1.6.2 The verifi
person performing the v
information when availabl
performed. .

A1.6.2.1 Reference to this ASTM test

A1.6.2.2 Method of verification. f

A1.6.2.3 Identification ol the hardness igEHfiE aEichine
the indenters used.

A1.6.2.4 Means of verification (test blocks, &last
devices,ele.) with stalements defining (raceability
standard.

A1.6.2.5 The Knoop and Vickers hardness scale(s) verified.

A1.6.2.6 The individual or calculated results used (o deter-
mine whether (he ILsIm«r machine meets the requirements of
the verification performed. Measurements made (o determine
the as-found condition of the (esting machine shall be included
whenever they are made.

A1.6.2.7 Descriplion of adjustments or maintenance done to
the testing machine.

A1.6.2.8 Dale of verification and reference (o the verifying
agency or department.

A1.6.2.9 Signalure of the person performing the verilica-
tion.

proving
national

ASTM Intemtions!

AL7 Example Calculations of Repeatability and Error
AL7.1 Repeatability of Knoop and Vickers Hardness Tes-
ters:
AL7.1.1 Repeatability.
by the following equation:

R of the tester (%) is calculated

eas ~ din
=100 ( = ) (ALD)
vod
where
dee = 15 the longest of the five diagonals (or mean
diagonals),
d,;, = is the shortest of the five diagonals, and
i = is the mean diagonal length.

The repeatability is acceptable it it meets the requirements
given in Table A5 or Table Al.6.

AL7.12 The following is an example of a repeatability
calculation. Assume (hat tive Knoop indentations were made
on a lest block with a nominal hardness of 420 HK at the
cerlified block lest force of 300 gf and that the five readings are

= 103.9.d, = 1048, d; = 102.3, d, = 102.8 and d5 = 100.2
m n.spu.lnle Therefore, d,"m 04 8- l()() 2=46

min =

I these diagonals had been obtained using a fest
h a nominal hardness of 700 HK and a certified test
00 gf, then the repeatability would be inadequate as
A 1S requites Ry = 4 % for a hardness 5650 HK.
7.2 Error of Knoop and Vickers Hardness Testers:
e error, E, of,

achine is:

(ALY

(AL3)

Where:
F is the measured mean diagonal length in pm, and
d; = is the reported certificd mean diagonal length, um.

Al1.7.2.2 The error between the certified mean diagonal and
the measured mean diagonal shall not exceed the tolerances in
Table ALS, or = 0.5 um, whichever is greater.

Al1.7.2.3 The following is an example ol an error calcula-
tion based on the data given in A1.7.1.2, and a certified mean
diagonal length for the test block, dg, of 100.8 pm (420 HK
300gf). Since d = 102.8 um, (d —d) = 102.8 — 100.8 = 2.0 pm.
Thus. E = 1.98 %. In this case, the percent error meets the
maximum of = 2 %, which is greater than = 0.5 pm. For this

example, d —d, must be > =
the limit of + 2 %

2.016 pm for the error (o be above
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A2, REQUIREMENTS FOR STANDARDIZED HARDNESS

TEST BLOCKS USED TO VERIFY KNOOP AND VICKERS

HARDNESS TEST MACHINES

A2.1 Scope

A2.1.1 This annex describes the manufacture, standardiza-
(ion procedure, uniformity, marking and certification of stan-
dardized hardness test blocks used to verity Knoop and Vickers
scale hardness test machines. Requirements for the standard-
izing laboratory and the standardizing machines are also
detined.

Note A2.1—Test blocks that were standardized prior to the release of
this edition of E384 may be used to satisfy the requirements of this edition
provided that they meet all of the requirements of E92.82 (2003) or
E384-09.

A2.2 Accreditation

the TInternational Laboratory Accredil.
(ILAC) as operaling to the requircment:
The standardizing agency shall have a
accreditation stating the Knoop and Vick
that are covered by the accreditation, an
which the test block standardizations are tfa

cate/scope ot
ardness scales

Note A2.2—Accreditation is a ne
edition of the standard.

A2.3 Test Block Manufac

A23.1 The test block
(imes the depth ot the i
force.
2.3.2 The test block 1
shall be chosen (o produce (he
structural stability and unifor
surtace.

A23.3 Ferromagnetic test blocks shall

certified test+

>

cvmund surldw nmsh Thg maximum deviation Imm Ratness of
the test and support surfaces shall not exceed 5 um. The
maximum error in parallelism shall not exceed 15 pm in 30
mm.

A2.3.5 The test block (est surface shall be polished accord-
ing to the procedures in Methods E3 to yield the (rue
microstructure, free from scralches that would interfere with
production of the indentation or measurement of the indenta-
tion diagonal(s). The mean, centerline average, surface rough-
ness height measurement of the (est surface shall not exceed
0.1 pm (4 pin.).

A2.3.6 Repolishing of the test block will invalidate the
slandardization and is not recommended. Cleaning of the
polished test block surface is oflen required in normal usage
but must not alter the hardness or quality of the polished test
surface.

ASTM Intemtions!
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A2.4 Standardizing Tester Requirements
A2.4.1 The standardizing tester shall comply with Anncx
Al with (he following additional requirements:
A2.4.2 Direct verifications according o Al1.3,
performed every 12 months.
4.3 Indirect veritications should be performed using test
blocks (raceable to national standards whenever they are
available.

shall be

Nore A2.3—Primary standardized test blocks are available as Standard
Reference Material from NIST, Gaithersburg, MD 20899.

A2.4.4 The Vickers indenter shall have (he following angles
and (olerances:

A2.4.4.1 The face angles shall be 1367 0° = 6°. As an
alternate, the 136” face angles may be verified by measuring
the angles between the opposite edges rather than the faces.
‘When measured, the edge angles shall be 148” 6° 36™ = 9.

A2.4.4.2 The face angles shall be cqually inclined (o the
axis of the indenter within = 15. As an alternate, when the edge
@glds are measured, hey shall be equally inclined to the axis
enter within = 30°.
he oftset should not exceed 0.3 pm, see Note

e Knoop indenter shall have an indenter constant
B+ 0.5 5. The offset should not exceed 0.5 pm, see

6 The test torce application time shall be between 3
seconds. The test force dwell time shall be between 13
nd 15 seconds.

mdmlauun e

g system shall be verified

be performed with a Knoop or Vickers hardness (est machine
that meets all of the requirements of A2.4.

A25.2 Make a minimum ol five hardness measurements
arranged as lollows on the surface of the test block- one
indentation near the center of each of the four quadrants of the
block and the lifth near the center of the (est block. When more

than five indents are done, they shall be arranged around the
test surface in a similar manner.

A2.5.3 Adjust the illumination for the measuring system (o
produce uniform intensity over the field of view and optimum
contrast between the indents and the block surface (see
Appendix X1).

A25.4 Measure the Knoop diagonal length, or average
Vickers diagonal length of cach indentation. Record the data by
location and by block.

A2.6 Repeatability of the Standardized Test Block
A26.1 Calculate the mean of the diagonals, or average
diagonals, for all of the indentations.
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A26.2 The R. of the i alion size and,
therefore, of the hardness. is calculated in the manner described
in Al 3 by Eq Al.l. Calculate the mean of all of the

measured diagonals, or average diagonals, d. and determine
diyax and d, the longest and shortest ol the measurements,
respectively. R is a measure of the hardness homogeneity of the
test block, although R is influenced by all of the variables (hat
affect the repeatability of test results.

A2.6.3 Tuble A2.1 and Table A2.2 list the required maxi-
mum R values for (est blocks by indenter type. test force range
and hardness range. The measured R value must be less (han
these limits for it to be considered sulficiently uniform enough
in hardness to function as a standardized test block.

min®

A2.7 Marking

A2.7.1 Each block shall be permanently marked with an
appropriate identitying serial number and on the test s
cither the supplicr’s name/mark or thickness or i
mark.

A2.7.2 When the test blocks are encapsulateg:
medium. the information contained in A2.7.

TABLE A2 Repeatability of Diagonal M
Standardized Test Blocks calibrated in the
(1000g and less)y

Hardness Range of Standardized Test Blocks

Knoop Vickers
HK > 0 HY >0
HK < 100 HY <

100 = HK = 250
250 < HK = 650
HK > 650

100 = HK = 250
250 < HK = 650
HK > 650

“In all cases, the repeatability limit is
0.001mm (1 pm).

TABLE A2.2 of Diagonal for
Standardized Test Blocks Calibrated in the Macro Force Ranges
(over 1000g)"

Hardness Range

of Standardized Force, kgf  Meximum R%
Test Blocks
100 to 240 inclusive > 3
Over 240 to 600 inclusive > 2
Over 600 >1 15

A1n all cases, the repeatability limit is the greater of the percentage given o
0.001mm (1 umj.

nently placed on the surface of the medium that contains the
test surface. The reported (est block thickness shall be the
thickness ol the mounting medium, not the thickness of the
encapsulated block.

A2.7.3 Each of the calibration measurements shall be iden-
tified so thal they can be located by the user.

A28 Certification of Standardized Test Block

A2.8.1 At a minimum the certiticate accompanying cach
standardized hardness test block shall include the following
information: (See Note A2.1.)
#328.1.1 The size and location of all the standardizing

he arithmetic mean of all the indentation diago-
Lorresponding hardness value.

he test force,

2 The serial number of the (est black,

5 The name of the manufacturer and standardizing
7ation,

8.1.6 The magnitication used (o measure the standard-

inty in the standardized value
uncertainty was calculated,

tRonmandatory Information)

X1. ADJUSTMENT OF KOHLER ILLUMINATION SYSTE

X1.1 While some optical systems are permanently aligned,
athers have means for minor adjustments. To gain the utmost in
resolution, the operator should make the following adjust-
ments:

X1.1.1 Focus (he surface of a flat polished specimen to
critical sharpness.

X1.1.2 Center the illumination source.

X1.1.3 Centrally align field and aperture diaphragms.

X1.1.4 Open the field diaphragm so that it just disappears
from the field of view.

X1.1.5 Remove (he eyepicce and examine the rear focal
plane of the objective. If all the components are in their proper

places, the source of illumination and the aperture diaphragm
will appear in sharp focus.

X1.1.6 Full-aperture diaphragm is preferred for maximum
resolving power. It glare is excessive, reduce the aperture, but
never use less than the % opening since resolution would be
decreased and diffraction phenomena could lead to false
measurements.

XI1.1.7 If the light is too strong for eye comfort, reduce the
intensity by the usc of an appropriate neutral density filter or
rheostal control.

Copyrioht ASTM Interaional
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X2. CORRELATION OF MICROINDENTATION HARDNESS T

X2.1 Scope

X2.1.1 This procedure provides guidance in the comparison
of microindentation hardness test data from two or more
laboratorics.

X2.2 Correlation Procedure
X2.2.1 All laboratories shall first establish that their test
equipment conforms to the requirements in Test Method E384.
X2.2.2 The specimens shall be taken from adjoining areas
ol the larger specimen prior to being sent to the cooperating
laboratories for specimen preparation and testing.

X2.2.3 The specimens shall be prepared for microindenta-
tion hardness by two or mare laboratories using cssentially the
same procedures. Il the specimens are capableiol being
prepared as melallographic specimens, establ
procedures shall be maintained unitormly amon;,
ries as fullows:

X2.2.3.1 The same surfaces shall be expogi
indentation hardness test. This is (o ensure
ifa chamclu‘islic S lakz,n inlo considu‘al'

All laboratories shal] L.ﬂlihl'illt. the opli
us using a stage miccometer in accord,

resulls arising from (his [

X2.2.6 The method of
established prior (0 ma
accurale method as des,

X3. RESUL

X3.1 Introduction

X3.1.1 This interlaboratory test progr:
develop precision and bias estimates for th
both Knoop and Vickers indentations using
1000 gf for ferrous and nonferrous specimens co¥gfing a wide
range of hardness.

X3.2 Scope

X3.2.1 This interlaboratory test program provides informa-
(ion on the measurement of the same indentations by different
laboratories according Lo (he procedures of Practice EGYI1.

X3.3 Procedure

X3.3.1 Five indentations were made under controlled con-
ditions at each foree (25, 50, 100, 200, 500, and 1000 gf), with
both Knoop and Vickers indenters using three ferrous and four
nonferrous specimens.

X3.3.2 Twelve laboratories measured the indentations on
the ferrous specimens and the nonferrous specimens. Two
laboratorics measured the hardnesses of both groups.

ASTM Intemtions!
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| DATA BETWEEN LABORATORIES

X2.2.7 A minimum number of indentations shall be estab-
lished. This shall conform to acceptable statistical methods of
analysis, in accordance with Practice E122.

XZ.Z.S Each test specimen shall be indented and measured
by the laboratory having prepared it, then sent with the data for
testing in the other laboratory or laboratories.

X2.2.8.1 After the specimens have been cxchanged, each
laboratory shall measure and record the indentations applied by
the originating laboratory in a manner identical to the initial
measurements.

X2.2.8.2 Each laboralory shall then repeat the indentation
and measuring procedures, as performed in X2.2.5 and X2.2.6,
before sending the data and specimen to the remaining labo-
ratory or laboratories.

X2.2.8.3 Each laboratory shall determine a set of microin-
dentation hardness values from the specimen they prepared. as
well as sets of values (hey obtained by indenting and measuring
specimens prepared by the other laboratory or laboratories

X2.2.9 All data shall then be analyzed by the same accept-
able statistical methods (o establish the limils of agreement that
nable between the two laboratories. As a minimum, the
(atistical data shall be evolved:

3.3.4 Results were tabulated and analyzed in accordance
with Practice E691.

X3.4 Results

X3.4.1 For the three fecrous specimens, results from nine
laboratorics showed general agreement as to the diagonal sizes.
Two other laboratories consistently undersized the indentations
(higher hardness) and one laboratory consistently oversized the
indentations (lower hardness). This bias was observed with
both Vickers and Knoop indentations sized by these laborato-
ties 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 tor
the ferrous specimens measured the nonferrous specimens.

X3.4.2 For the Vickers test dala, the calculated hardness
increased with increasing force and then became reasonably
constant. This trend was apparent in the data from the nine
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consistent laboratories (ferrous specimens) and for the labora-
tory that oversized the indentations. The two laboratories (hat
consistently undersized the Vickers indentations exhibited
substantial data scatter for the (ests with forces of less than 100
af. However for higher forces, their indentation measurements
were relatively constant. The force at which the hardness
became relatively constant increased with increasing specimen
hardness. For specimens below about 300 HV. there was
relatively little difference in HV over the test force range.
X3.4.3 For the Knoop (est data. most of the laboralories
agreed (hat 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 (rend; this is quite unusual.
The difference in HK values between low forces and high
forces increased with increasing specimen hardness. For speci-
mens with hardnesses below about 300 HK, the difft
hardness was quite small over the test force rang
4 Repeatability Interval—The difference:
error bt,lWLLn two lest rgsulls in lhk, Iahmalo

within-laboratory standard de\' tion. (S,)j
agonal size and llu relationship varied fog
test types; Table X3.1 lists regression equa
u]auonshlp buwcen (s, )j

dnd lhe diagon

are also a function of diagonal length, regression cquations
were also calculated, Table X3.2. The repeatability intervals, in
terms of’ Knoop and Vickers values lor ferrous and nonferrous
specimens, are shown in Figs. X3.1-X3.4.

X3.4.5 Reproducibility Interval—The difference in test re-
sults on the same material in different laboratories was calcu-
lated using (he (Sg)j values, the between-laboratory estimate of
precision. (Sg)f increased with diagonal size and the relation-
ship varied for cach material and test type. Table X3.3 lists the
regression equations (hat show the relationship between (Sg)j
and (he diagonal length, um. The reproducibility intervals (7).
were calculated based on the relationships shown in Table
X3.3. Because the reproducibility intervals are also a function
of diagonal length, regression equations were also calculated,
Table X34 The reproducibility intervals, in terms of Knoop
and Vickers values for the ferrous and nonferrous specimens,
are shown in Figs. X3.1-X3.4,

X3.4.6 The within-laboratory and between-laboratory pre-
cision values were calculated from (V, (%)) and (V, (%))
which are the coeflicients of variation for within-laboratory and
between-laboratary (ests. 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
.test data, either ferrous or nonferrous. In general, the
ity mlu\als and reproducibility intervals were larger
ion estimates, particularly at low test forces and
highizspeeiien bardnesses.

Wlationship Betweedi ikinal Length and (S,
el Within—Labor:

fandard Deviation

Correlation
Coefficient

TABLE X3.2:Rél

053
0823
0862,

08196

fiship Between the Diagonal Length and (1,)j,
he Repeatability Interval

Regression Equation

Material Tost
Ferrous Vickers
Ferrous Knoop

Nonferrous Vickers

Nonferrous Knoop

(1)j = 0.653 + 0.008 &,
(1) = 05614 + 0.017 &,
(1)j= 10556 + 0.0226 ,
{1)j=0.161 + 0.05 d,

TABLE X3.3 Relationship Between Diagonal Length and (Sg)j,
the Between-Laboratory Estimate of Precision

Correlation
Material Test Regression Equation Coaticiont
Ferrous Vickers (S =031 +0.004 0, 0747
Ferrous Knoop 0899

Nonferrous  Vickers 08905

Nonferrous  Knoop 086165
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FIG. X3.1
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TABLE X3.4 Relationship Between the Diagonal Length and {fs)j,
the Repeatability Interval

Material Test Regression Equation
Ferrous Vickers y
Ferrous Knoop (in)j = 0.946 +0.0198 &
Nonferrous Vickers (In)f = 10103 + 0.0441 &,
Nonferrous Knoop Unli = 1.07 +0.05 6,
L o -
s | rennous sawms
et sow
F oo
FE 20w
o
H oo
= )

e
L VRXENS MAROMESE

mraTARTY (20

fetins of Vickers Hatenbds, (<) for the Ferrous Samples as a Function of
i A Stimen Ha
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FIG. X3.2 Repeatability and Reproducibility Intervals in Terms of Knoop Hardness (=) for the Ferrous Samples as a Function of
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X4. RES!

LTS OF AN INTERLABORATORY TEST COMPARING MICROINDE!

ATION HARDNESS TESTIN

USING MANUAL AND AUTOMATED MEASURING SYSTEMS

X4.1 Introduction

X4.1.1 An interlaboratory test program was conducted o
develop information comparing Knoop and Vickers microin-
dentation hardness tests made with Automated Image Analysis
systems and manual procedures. Four ferrous specimens were
used in the test program.

X4.2 Scope

X4.2.1 This interlaboratory test program provides informa-
tion on measurements of the same indentations made by
different laboratories using two different measuring methods
according (o the procedures of Practice E691.

X4.3 Procedure

X4.3.1 The test were conducted under control
using loads of 100 gf and 300 gf. Ten Knoop zh:
indentations were made for cach load, a (ol
(ions. The participants in the test program 1t
indentations on the four specimens. Seven

Knoop indentations on specimen C1 were 06 long:
measurements (o be made by one lal
measurements were made on this spist

(est program, specimen B1 was lost in shipping: thus only six
sels of measurements were made on this specimen.

X4.4 Repeatability

X4.4.1 Repeatability concerns the variability between indi-
vidual test results oblained within a single laboratory by a
single operator with a specific set of test apparatus. For both
the manual and automated measurements, the tepeatability
interval increased with specimen hardness and decreasing test
force, Tables X4.1-X4.4, and Figs. X4.1-X4.4. For equivalent
testing conditions, the repeatability interval for automated
measurements was slightly larger than for manual measure-
ments.

X

5 Reproducibility

X4.5.1 Reproducibility deals with the variability between
single test results obtained by different laboratories applying
the same test methods to the same or similar test specimens.
h the manual and automated measurements, the repro-
dnterval increased with specimen hardness and de-
Jorce, Tables X4.1-X4.4, and Figs. X4.1-X4.4.
sling conditions, the reproducibility interval
dl measurements was slightly larger than for
surements.

Copyrioht ASTM Intermational
Provided by IHS under license with ASTM
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X4.6 Comparisons

X4.6.1 Practice E69| nor any other ASTM standard deals
with comparing test results of a single property made by (wo

1y e384 — 11"
ul

and accurately compare the hardness mea

different test methods. Hence it is not possible to statistically — X4.5-X4.8.

TABLE X4.1 Precision Statistics for Manual and Automated Knoop Tests at 100 gf Load

urements made by

the manual and automated procedures. However, this informa-
tion is graphically represented for comparativ

e purposes. Figs.

Manual

Spec. Labs Mean Sx st SR v R
¢ 7 22862 6.88 930 11.18 2603 3132
D1 7 344.80 10.54 980 14.06 27.44 3936
A2 7 49148 2867 14.87 31.95 4163 89.45
B1 s 901.67 62.40 2147 65.55 5928 183.55

Automated

Spec. Labs Mean Sx st SR v R
c 7 232,07 954 11.62 2672 32.55
D1 7 348.97 954 14.04 26.70 3932
A2 7 510.13 19.53 35.56 5469 99.56
Bi s 914.72 29.02 64.13 8183 179.56

TABLE X4.2 Precision Sf; for ManuaFiand Aut
Manual;

Spec. Labs SR v R
c 6 2.40 21.44 25.49
D1 7 9.97 20.98 2792
A2 7 2102 32.06 5885
B1 6 2551 4516 7143

Automated

Spec. R
o 2431
D1 4061
A2 71.44
B1 7476

Spec. Labs R
ci 25.40
D1 26.50
A2 68.69
B1 14377

Automated

Spec. Labs Mean Sx ) SR v R
c 7 203.30 6.94 647 927 18.12 25.95
D1 7 29978 14.36 523 15.19 14.63 4254
A2 7 482.86 3207 16.50 35.69 46.19 99.93
B1 s 808.17 4772 21.30 51.82 5963 145.09

ST ntemationsl IE)

Provided by IHS under license with ASTM
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TABLE X4.4 Precision Statistics for Manual and Automated Vickers Tests at 300 gf Load

Manual
Spec. Labs Mean Sx Sr SR r R
<1 7 197.07 3.40 5.32 6.09 1491 17.06
D1 7 208.91 5.47 7.38 8.89 20.68 24.89
A2 7 47458 18.00 12.45 2153 34.86 60.28
B1 6 810.60 2967 16.50 3355 4821 93.94
Automated
Spec. Labs Mean Sx Sr SR r R
<1 7 196.37 6.44 5.57 833 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
B1 6 809.55 20.55 11.60 23.31 32.49 65.27
200 -
3
X 150 4
>
=
S 1004
o
=]
5
2 =0
o
&
.
1000
FIG. X4.1 Repr Microindentati ness Tests
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FIG. X4.2 Reproducibility of the Knoop 300 gf Manual and Automated Microindentation Hardness Tests
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FIG. X4.8 Comparison between Vickers 300°gf Manual and Automated Microindentation Hardness Tests

X5, RECOMMENDATIONS FOR LIGHT FORCE MICROINDENTATION HARDN]

XS.1 Introduction

X5.1.1 Microindentation hardness of materials can be de-
termined using a variety of loads (o force the indenter into the
test piece. Testing is considered (o be light force when the force
in use produces indentations with a diagonal length of less than
20 um. Both Knoop and Vickers hardness numbers increase in
proportion to the inverse of the square of the indentation
diagonal length, Eq 3 and 7. Thus, hardness numbers obtained
from indentations with diagonals measuring less than 20 pm
are much more sensitive to variations of a lew tenths of a
micrometer in the actual or measured length of the diagonals
than hardness numbers obtained by measuring larger indenta-

Copyight ASTM ntemational
Provkied by IHS unde license with ASTM
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(jons, Eq 13 and 17. Creation ol valid indentations, and the
accurale m

surement of their diagonals, becomes even more
imperative as the indentations become smaller. For example,
consider a material with a Vickers hardness of 500, Table 5. For
a force of 100 gf, the diagonal length would be 19.258 ym. To
maintain an crror 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 ideal diagonal length would be 23.86 pm. Table 6. To
maintain an error of = | %, (he accuracy of the diagonal
measurement has (o be =< 0.12 pm. Measurements to this level
of accuracy are impossible to achieve by optical microscopy.

3
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Because of the inherent difliculties involved in oblaining and
measuring indentations with diagonals less than 20 pm, and the
increasing effect of possible indentation or measurement er-
rors, light force microindentation bardness lesting requires
precautions in addition (o those mormally necessary. Small
indentations may be due to high test piece hardness or the use
of light forces. In either case, some of the concerns involved

with obtaining accurate hardness results are addressed in this
appendix.
X5.2 Scope

X5.2.1 These recommendations provide guidance and sug-
gest additional precautions for microindentation hardness test-
ing when (he measured diagonals ol indentations are ]z.ss than
20 um.

X5.3 Environment:

X5.3.1 Vibration:
3.1.1 Vibration of the microindentation

vibrations in the vicinity of the test mslrunu
currenls and Ioud noises, are (o be dc.

increase in \lbmlmn usually ¢

Test instruments should be loy

ery that may cause low (

low frequencies are more!;

tables and p]all’orms
XS 3.

unleveling become more important as the
lighter.

Xi 3 Temperature—Control of the temyy
imen, tesling instrumentation, and surroundi
b: congidered. 1t is recommended that (hese temip
maintained at 23 = 3°C. As the length of the “#fghsured
diagonal becomes smaller, it may be necessary to increase
control of temperature to reduce variability.

X5.4 Specimens

X5.4.1 Specimen Preparation:

X5.4.1.1 Usually, test pieces require mounting. Care must
be taken to ensure that the specimens are well supported in the
mounting malerial, and that (he surface to be tested can be
placed into the test instrument such that it will be normal to
both the loading and optical axes.

X5.4.1.2 The surface properties of the Lest spLuan musl
not be altered due to specimen preparation. Mela
polishing, when applicable, should be performed using ac-
cepled techniques known to minimize the deformed layer
remaining on (he surface of the specimen. Light etching
followed by Tight repolishing may be used to further decrease
the thickness of any deformed layer. Electropolishing can

b ASTH Intermationst
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provide surfaces essentially free of deformation due to prepa-
ration. Areas lo be tested must appear flat in the field of focus
of the microscope used (0 measure the diagonals of the
indentations.

The surfaces to be (ested should be as clean as
possible. Care must be taken o avoid surface contaminants that
may be absorbed into the surfaces of some materials such as
polymers or ceramics.

X5.4.2 Microstructure of Specimen—IIf the microstructure
of the material test piece is on the same size scale as the
indentation diagonal length. an increase in the variability of the
bardness data should be expected. Indentations placed within a
single grain will experience resistance to deformation some-
what dependent on the orientation of that grain to the test
f: e orientations are normally random, vari-
ability 01 resuls is increased. Indentation diagonal lengths can
vary depending upon the number of grain boundaries (rans-
versed 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 (he above
crease in the number of measurements taken will be
nigessary i provide meaningful results.

fip o 800X. Higher magnifications are recom-
ficn pecforming light force testing. Specimens may
d from (he (est instrument following (he indentation
. and the diagonals of the indentations measured

X332
rected objgi
recnmmcng d.

fictiures of 0.9 or greater is
Humination or differential
the contrast of the image
and alsu th‘mu the users abi ily to detect the ends of the
indentations.

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

X3.5.4 Accuracy of Forces—Often, small indentation di-

agonal lengths are the result of the use of very light forces, in
many cases less (han 10 g. Force accuracy of = 1.3% is
required in accordance with Table A1.2. 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, contami-
nants with a total mass of more than 0.03 g render the results
of the test invalid.
Loading Rates—When using light forces, the impact
ol the indenter on the surface of the test picce can cause
significant inaccuracies (0 occur. Use of (he slowest loading
rate available [or cach instrament is recommended.
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X5.5.6 Indenters—Grealer repealability, accu and pre-
cision may be obtained by the careful selection of indenters.
Verification of the included angles of the faces, the degree of
mismalch at the vertex. and the sharpness of the edges are
appropriate criteria for the selection of indenters. Using the
manutacturer’s certitication, the exact indenter constant should
be caleulated and used to minimize errors, Eq 14, Eq 18 and Eq

X5.6 Measurement of Indentations

X5.6.1 Indentations that do not appear symmetrical should
not be considered valid for diagonal measurement. A difference
in symmetry greater than 10 % should be addressed with
concern. If consistently asymmetrical indentations are ob-
(ained, the alignment of the specimen to the indenter ghould be
adjusted. If the problem persists, the microindentatigs:
instrument should be serviced by a qualified techiic]

X5.7 Scanning Electron Microscope

X5.7.1 Measurement of indentation diags
ning electron microscope is po:

X6.1 Refer to Table X6.1 for (he:Ki#op,
for load of [ gl. Refer to Table; 1o
numbers for load of 1 gf.

1y e384 — 1=
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bration of the SEM photographic image at the exact magniti-
cation (0 be used is essential. For these measurements, the
specimen should be perpendicular to the beam, that is, the tilt
angle should be 0°. The accelerating voltage. and other
paramelers should remain as they were for calibration. (The
SEM should be calibrated in both the X and Y directions; refer
(o Practice E766. Indentations (o be measured should not
extend (o the periphery of the SEM tield of view, as the video
signal can be distorted at the edges of the video monitor.

X5.8 Video and Automatic Measuring Systems

X5.8.1 Typical video or computerized measuring systems
lack the necessary resolution for obtaining acceptable Tesults
when indentation diagonal lengths are less than 20 um. 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
asscmbled into a measuring system, may be capable of
resolution sufficient (o provide accurate results.

TEST LOAD

Diagonal of
Indentation, m 00 08 09
1 14230 4392 3942
2 3557 1815 1692
3 1581 985.4 9355
4 889.3 617.6 592.6
5 569.2 4230 408.8
6 995.2 907.7 298.9
7 290.4 233.9 2280
8 2223 1837 1796
9 175.7 1482 1452
10 1423 1220 119.8
1 17.6 1155 1134 114 1095 107.6 1057 103.9 1022 1005
12 %8.81 97.19 95.60 94.05 9254 91.07 8963 83.22 86.85 8551
13 84.20 82.91 81.66 80.44 7924 78.07 76.93 75.81 74.72 73.65
14 72.60 71.57 7057 69.58 68.62 67.68 6675 65.85 64.96 64.09
15 63.24 62.40 6159 60.78 60.00 59.23 58.47 51.73 57.00 56.28
16 55.58 54.89 5422 53.55 5290 52.26 5164 5102 50.41 49.62
17 49.24 48.66 48.10 47.54 47.00 46.46 45.94 45.42 44.91 44.41
18 43.92 43.43 4296 42.49 4203 41.57 4143 40.69 40.26 39.83
19 39.42 39.00 38.60 38.20 37.81 37.42 37.04 36.66 36.29 95.93
20 3557 35.22 34.67 3453 34.19 33.86 3353 3321 32.89 3257
21 3227 31.96 3166 31.36 31.07 3078 30.50 30.22 29.94 29.67
22 29.40 29.13 28.67 2861 28.36 28.11 27.86 2761 27.37 27.43
23 26.90 26.67 26.44 2621 25.99 2577 2555 25.33 25.42 24.91
24 24.70 24.50 24.30 24.40 23.90 2371 2351 23.32 23.44 22.95
25 277 22.59 2241 2223 22,05 21.88 2171 2154 21.38 2121
26 21.05 20.89 2073 2057 2042 20.26 2014 19.96 1981 19.66
27 1952 19.97 19.23 19.09 18.95 18.82 1868 1854 18.41 18.28
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TABLE X6.1 Continued

Diagonal of Knoop Hardness Number for Diagonal Measured to 0.1 um

Indentation, ym 0.0 0.1 0.2 0.3 0.4 05 0.6 07 0.8 0.9
28 18.15 18.02 17.23 17.77 17.64 17.52 17.40 17.27 17.15 17.04
29 16.92 16.80 16.89 16.57 16.46 16.35 16.24 16.13 16.01 15.92
30 15.81 15.71 15.60 15.60 15.40 15.30 15.20 15.10 15.00 14.90
31 14.81 14.71 14.62 14.52 14.43 14.34 14.25 14.16 14.07 13.98
32 13.90 13.81 13.72 13.64 13.55 13.47 13.39 13.31 13.23 13.15
33 13.07 12.99 12.91 12.83 12.75 1268 12,80 12,53 12.45 12.38
3¢ 12.31 12.24 12.47 12,09 12,02 1195 11.89 11.82 175 11.68
35 1162 1155 11.48 11.42 11.35 129 11.23 11.16 1110 1.04
3% 10.98 10.92 10.74 10.68 10.82 10.56 10.51 10.45
37 10.39 10.34 1047 10.12 10.06 10.01 9.958 9.906
38 9854 2,802 9,650 2,600 9.550 9501 9452 9403
39 8983 8.938
20 8548 8506
4 8144 8.105
a2 7.768 7731
43 7417 7.383
44 7090 7.058
5 6783 6.754
6 6497 6.469
a7 6.228 6.202
48 5975 5.951
49 5737 5714
50 5514 5492
51 5303 5282
52 5104 5085
53 4916 4898
54 4738 4721
55 4570 4554
56 4410 4395
57 4259 444
58 4415 4402
59 3070 3.966
60 3849 3837
61 3726 3714
62 3608 3596
63 3496 3485
64 3389 3378
65 3.286 3.276
66 3189 3479
67 30957t 3086
68 3.006 2.997
69 2.921 2912
70 2839 2831
71 2823 2815 2807 2799 2791 2783 2776 2768 2760 2752
72 2745 2737 2730 2722 2715 2707 2700 2602 2685 2677
73 2670 2663 2656 2648 2641 2634 2627 2620 2613 2605
74 2508 2591 2584 2577 2571 2564 2557 2550 2543 253
7 2530 2523 2516 2509 2503 2.496 2.490 2483 2476 2470
7 2463 2457 2.451 2444 2438 2.431 2425 2419 2412 2406
77 2400 2394 2387 2381 2.575 2369 2363 2367 2351 2345
78 2339 2333 2327 2321 2315 2309 2303 2207 2202 2.286
79 2.280 2274 2268 2263 2257 2251 2246 2240 2234 229
80 223 2218 2212 2207 2201 219 2190 2.185 2479 2474
81 2469 2163 2158 2153 2147 2142 2187 2132 2427 2421
82 2416 2411 2106 2101 2096 2.001 2086 2080 2075 2070
83 2065 2060 2056 2051 2046 2.041 2006 2031 2026 2,021
84 2017 2012 2077 2002 1.998 1.993 1.988 1.983 1.979 1.974
8 1.969 1.965 1.960 1.956 1.951 1.946 1.942 1.987 1.933 1.928
86 1.924 1919 1915 1.911 1.906 1.902 1.897 1.893 1.889 1.884
87 1.880 1876 1871 1.867 1.863 1.658 1.854 1.850 1846 1.842
8 1.857 1853 1829 1.825 1.821 1.817 1813 1.809 1.804 1.800
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TABLE X6.1 Continued

Diagonal of Knoop Hardness Number for Diagonal Measured to 0.1 um
Indentation, ym 0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
89 179 1.792 1.788 1784 1.780 1.776 1.772 1768 1765 1761
Ey 1757 1.753 1.749 1745 1741 1.787 1.733 1.730 1726 1722
9 1718 1.715 1711 1.707 1.703 1.700 1,696 1692 1688 1685
%2 1681 1,677 1,674 1670 1.667 1,663 1,659 1656 1652 1649
% 1654 1,642 1,638 1635 1.631 1628 1,624 1621 1617 1614
9 1610 1,607 1,604 1,600 1.597 1593 1,590 1.587 1583 1580
% 1577 1573 1,570 1.567 1.563 1560 1.557 1.554 1550 1547
% 1519 1515
97 1.488 1.485
% 1.458 1.455
% 1.429 1.426
100 1.400 1.398
101 1373 1370
102 1346 1344
103 1921 1318
104 1296 1293
105 1271 1.269
108 1247 1245
107 1224 1202
108 1202 1200
109 1.180 1.178
110 1.159 1.157
111 1.138 1.136
12 1.118 1.116
113 1.099 1.097
14 1.080 1078
115 1.061 1.059
116 1.043 1.041
117 1.025 1.024
118 1.008 1.008
119 09914 09898
120 09751 09735
121 09591 09576
122 09436 09420
123 09284 0.9269
124 09136 09121
125 0.8991 0.8977
126 0.8850 0.8836
127 08712 0.8698
128 08577 0.8564
129 ¥ 2 ¥ ¥ 2 2 ¥ 0.8446 0.8433
130 0.8420 08407 08394 08381 08368 08955 08343 08330 0.8317 0.8304
131 0.8291 08279 08266 08254 08241 08229 08216 08204 08191 08179
132 08166 08154 08142 08129 08117 08105 08093 08080 0.8068 0.8056
133 0.8044 08032 08020 08008 0799 0.7984 0.7972 07960 0.7948 07936
134 07924 07913 0.7901 0.7889 0.7877 0.7866 0.7854 07842 0.7831 0.7819
135 0.7807 0.7796 0.7784 07773 0.7761 0.7750 07738 07727 07716 0.7704
136 0.7693 0.7682 0.7670 07659 0.7648 0.7637 0.7626 07614 0.7603 07592
137 0.7581 0.7570 0.7559 07548 0.7537 0.7526 0.7515 0.7504 0.7493 0.7483
138 07472 0.7461 0.7450 07439 0.7429 07418 0.7407 07396 0.7386 0.7375
139 0.7365 0.7354 0.7343 07333 07302 0.7312 0.7301 07291 0.7281 07270
140 0.7260 0.7249 07239 07229 07218 0.7208 0.7198 07188 07177 0.7167
141 07157 0.7147 07137 07127 07117 0.7107 0.7097 0.7087 07077 0.7067
142 0.7057 0.7047 07037 07027 0.7017 0.7007 06997 06988 06978 0.6968
143 06958 06949 06939 06929 0.6920 06910 0.6900 06891 0.6881 06872
144 06862 06852 06843 06834 06824 06815 0.6805 0679 06786 06777
145 06768 06758 06749 06740 06731 06721 06712 06703 0.6694 0.6684
148 06675 0.6666 06657 06648 06639 06630 0.6621 06612 0.6603 06594
147 06585 06576 0.6567 06558 0.6549 06540 06531 06523 06514 06505
148 06496 06487 06479 06470 06461 06452 06444 06435 06426 06418
149 0.6400 0.6401 0.6302 06383 06375 06366 06358 06349 06341 0.6332
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TABLE X6.1 Continued

Diagonal of Knoop Hardness Number for Diagonal Measured to 0.1 um
Indentation, um 00 0.1 02 03 0.4 05 0.6 07 08 09
150 06324 06316 06307 06299 06290 06282 06274 06265 06257 06249
151 06241 06232 06224 06216 06208 06199 06191 06183 06175 056167
152 06159 06151 06143 06134 06126 06118 06110 06102 0.6094 06086
153 0.6078 0.6071 0.6063 06055 0.6047 0.6039 0.6031 06023 0.6015 0.6008
154 0.6000 05992 05984 05976 05969 05061 05953 05046 05938 05930
155 05923 05915 05907 05000 05892 0.5885 05877 05869 05862 05854
156 05847 05839 05832 05825 05817 05810 05802 0579 05787 05780
157 05773 05765 05758 05751 05743 05736 05729 05722 05714 05707
158 05700 05693 05685 05678 05671 0.5664 05657 0.5650 05643 05635
159 05628 05621 05614 0.5607 05600 05593 05586 05579 05572 05565
180 05558 05551 05544 5537 05531 05524 05517 05510 05503 05496
181 05476 05449 05442 05435 05429
162 05382 05375 05369 05362
183 05316 05310 05303 05297
184 05252 05246 05239 05233
165 05189 05182 05176 05170
185 05127 05120 05114 05108
187 0.5066 05060 05054 05047
168 05006 0.5000 0.4994 0.4988
169 0.4947 04941 0.4935 0.4929
170 0.4889 04883 0.4878 0.4872
171 0.4832 04827 0.4821 0.4815
172 0.4776 04771 0.4765 0.4760
173 0.4721 04716 0.4711 0.4705
174 0.4668 04662 0.4657 0.4652
175 0.4515 04609 0.4604 0.4599
176 0.4552 0.4547
177 0.4501 0.4496
178 0.4451 0.4446
179 0.4404 0.4307
180 0.4353 0.4348
181 0.4305 0.4300
182 0.4258 0.4254
183 0.4212 0.4207
184 0.4167 0.4162
185 0.4122 04117
185 0.4078 0.4073
187 0.4034 0.4030
188 03992 03988
189 k ¥ ! X X . X 03950 03946
190 03942 03997 03933 03929 03925 03921 03917 03913 0.3909 03905
191 03900 0.3896 03892 03888 03884 03880 03876 03872 02868 0.3864
192 0.3860 03856 03852 03848 03844 03840 03836 03832 0.3828 03824
193 03820 03816 03812 03808 03804 03800 03796 03792 03789 03785
194 03781 03777 03773 03769 03765 03761 03757 03754 03750 03746
195 03742 03758 03734 03731 03727 03723 03719 03715 03712 03708
196 03704 03700 03696 03693 03689 03685 03681 03678 03674 03670
197 03663 03663 03659 03655 03652 03648 03644 03641 03637 0.3633
198 03630 03626 03622 03619 03515 03611 03608 03604 03600 03597
199 03593 03590 03586 03582 03579 03575 03572 03568 0.3564 03561
200 03557 03554 03550 03547 03543 03540 03536 03533 03529 03525
41 Corrected.
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TABLE X6.2 Vickers Hardness Numbers for Load of 1 gf

Diagonal of Vickers Hardness Number for Diagonal Measured to 0.1 ym
Indentation, um 00 0.1 02 03 04 05 06 07 08 09
1 1854.6 15335 1288 10975 946.1 8242 7244 641.6 5723 5137
2 463.0 4200 383.1 350.3 3219 2967 2743 2544 2365 2205
3 206.9 1933 181.4 1703 160.4 1514 143.1 1355 128.4 121.9
4 1547 11029 10558 100.01 95.78 91.57 8764 83.95 80.48 77.23
5 74 68 63.59 61.30 59.13 57.07 55.12 53.27
s 51.51 49.83 48.04 46.72 45.27 43,89 4257 41.31 40.10 38,95
7 37.84 36.79 3577 34.80 33,85 32.97 32.10 31.28 30.48 2974
8 28.97 286 2758 26.92 26,28 25.67 2507 2450 23,95 2341
9 2289 2239 2191 2144 2099 2055 2012 19.71 1931 18.92
10 1854 18.18 17.82 17.48 17.14 16.62 16.50 16.20 15.90 15.61
1 13.00
12 1.4
13 9.598
14 8353
15 7.3%
15 6.493
17 5.787
18 5491
19 4683
20 4.245
21 3.866
22 3536
23 3.046
24 2.991
25 2764
2 2563
27 2392
28 2220
29 2074
30 1942
31 1822
32 1713
33 1614
34 1522
35 1439
36 1362
37 1201
38 1225
39 1.165
20 1.109
a1 1056
2 1.008
3 09622
a4 09198
5 08802
5 0.8764 0.8726 08688 0.8650 08613 0.8576 08539 08503 0.8467 08430
a7 0.8395 0.8359 08304 0.8288 08254 0.8219 08184 08150 08116 08082
8 0.8048 0.8015 07982 0.7949 07916 0.7883 0.7851 0.7819 07767 07755
29 07723 0.7692 07661 0.7630 07599 0.7568 07538 0.7507 07477 07447
50 07417 0.7388 07359 0.7329 07300 07271 07243 07214 07186 07158
51 07129 07102 07074 0.7045 07019 06992 0.6965 06938 0.6911 06884
52 06858 06832 06605 06779 06754 06728 06702 06677 06652 06627
53 0.6602 06577 06552 06527 06503 06479 06455 06431 06407 06383
54 06359 0.6336 06312 06289 0.6266 06243 06220 06198 06175 06153
55 06130 06108 06086 0.6064 06042 0.6020 05099 05977 05956 05934
56 05913 05892 05871 0.5850 05830 0.5809 05788 05768 05748 05728
57 0.5708 0.5688 05668 0.5648 05628 0.5609 05589 05570 0.5551 0.5531
58 0.5512 05493 05475 0.5456 05437 0.5419 05400 05362 05363 05345
59 05327 0.5309 05201 0.5273 05256 0.5238 05220 05203 05186 05168
60 0.5151 05134 05117 0.5100 05083 0.5066 05050 05033 05016 05000
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TABLE X6.2 Continued

Vickers Hardness Number for Diagonal Measured to 0.1 m

Diagonal of
Indentation, ym 0.0 0.1 0.2 0.3 0.4 05 0.6 07 0.8 0.9
61 0.4984 0.4967 04951 0.4935 0.4919 0.4903 0.4887 0.4871 0.4855 0.4840
62 0.4824 0.4809 04798 04778 0.4762 0.4747 0.4782 04717 0.4702 0.4887
63 0.4672 0.4657 04643 0.4628 04813 0.4599 0.4584 0.4570 0.4556 0.4541
64 0.4527 0.4513 04499 0.4485 0.4471 0.4457 0.4444 0.4430 0.4416 0.4403
65 0.4389 0.4376 04362 0.4349 0.4336 0.4322 0.4309 0.4296 0.4283 0.4270
3 0.4257 04244 04231 0.4219 0.4206 0.4193 0.4181 0.4168 0.4156 0.4143
67 0.4131 04119 04106 0.4094 0.4082 0.4070 0.4056 0.4046 0.4034 0.4002
68 0.4010 03999 03987 0.3975 03964 03952 03944 03929 03918 03906
69 03895 0.3884 03872 0.3861 03850 03839 03826 03817 03806 0379
70 03784 03774 03763 0.3752 03742 03731 03720 03710 0.3699 03689
7 03679 03668 03658 03638 03627 03617 03607 03597 03587
72 03577 03567 03557 03538 03528 03518 03509 03499 03489
73 03480 03470 03461 03442 03433 03423 03414 03405 03396
74 03368 03332 03923 03314 03305
75 03227 03219
76 03144 03136
77 03064 03056
7 02086 02979
79 02912 02905
80 02840 02833
81 02771 02765
82 02705 02698
83 02641 02634
84 02579 02573
85 02519 02513
86 02461 02456
87 02406 02400
88 02952 02346
89 02300 02294
% 02249 02244
9 02000 0219
%2 02153 02149
% 02108 02103
9 02063 02059
% 02021 02016
% 0.1979 01975
97 0.1939 01935
% 0.1900 0.1896
% 0.1862 0.1858
100 0.1825 0.1821
101 0.1789 0.1786
02 04755 04751
103 04721 04718
104 X X X 3 : 3 0.1688 0.1685
105 0.1682 0.1679 0.1676  0.1672 0.1659 0.1666 0.1663 0.1660 0.1657 01854
106 0.1650 0.1647 01644 0.1641 0.1638 0.1635 0.1632 0.1629 0.1626 0.1623
107 0.1620 0.1617 01614 0.1611 0.1808 0.1605 0.1602 0.1599 0.1596 0.1593
108 0159 0.1587 01584 0.1581 0.1578 0.1575 0.1572 0.1569 0.1567 0.1564
109 0.1561 0.1556 01555 0.1552 0.1549 0.1547 0.1544 0.1541 0.1598 0.1535
110 0.1533 0.1530 01527 0.1524 0.1521 0.1519 0.1516 0.1513 01511 0.1508
111 0.1505 0.1502 01500 0.1497 0.1494 0.1492 0.1489 0.1486 0.1484 0.1481
12 0.1478 0.1476 01478 0.1470 0.1468 0.1465 0.1463 0.1460 0.1457 0.1455
113 0.1452 0.1450 01447 0.1445 0.1442 0.1440 01437 0.1434 0.1492 0.1429
14 0.1427 0.1424 00422 0.1419 01417 0.1414 0.1412 0.1410 0.1407 0.1405
115 0.1402 0.1400 01397 0.1395 0.1393 0.139%0 0.1388 0.1385 0.1383 0.1381
116 0.1378 0.1376 04378 01871 0.1369 0.1366 0.1364 0.1362 0.1359 0.1357
17 0.1355 0.1352 04350 0.1348 0.1345 0.1343 01344 0.1339 0.13%6 0.1334
118 0.1332 0.1330 0.1%7  0.1325 0.1328 0.1321 0.1318 0.1316 0.1314 0.1312
119 0.1310 0.1307 01305 0.1303 0.1301 0.1209 0.1296 0.1294 0.1292 0.1290
120 0.1288 0.1286 01284 0.1281 0.1279 04277 0.1275 0.1273 01271 0.1269
121 0.4267 0.1265 04262 0.4260 0.1258 04256 0.1254 0.4252 0.1250 04248
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TABLE X6.2 Continued

Diagonal of Vickers Hardness Number for Diagonal Measured to 0.1 ym
Indentation, ym 0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 08 0.9
122 0.1246 0.4244 0.1242 0.1240 0.1238 0.1236 0.1234 0.1232 0.1230 0.1228
123 0.1226 0.1224 0.1222 0.1200 0.1218 0.1216 0.1214 0.1212 0.1210 0.1208
124 0.1206 0.1204 0.1202 0.1200 0.1198 0.119 0.1194 0.1193 0.1191 0.1189
125 0.1187 0.1185 0.1183 0.1181 0.1179 0.1177 0.1176 0.1174 01172 0.1170
126 0.1168 0.1166 0.1164 0.1163 01161 0.1159 0.1157 0.1155 0.1153 0.1152
127 0.1150 0.1148 0.1146 0.1144 0.1143 0.4141 0.1139 0.1137 0.1135 0.1134
128 0.1132 0.1130 0.1128 01127 0.1125 0.4123 o0.1121 0.1120 0.1118 0.1116
129 0.1114 01113 01111 0.1109 0.1108 0.1106 0.1104 0.1102 0.1101 0.1099
130 0.1007 0.1096 0.1094 0.1002 0.1091 0.1089 0.1087 0.1086 0.1084 0.1082
131 0.1081 0.1079 0.1077 0.1074 0.1072 01074 0.1069 0.1068 0.1066
132 0.1064 0.1063 0.1061 0.1058 0.1056 0.1055 0.1053 0.1052 0.1050
133 0.1045 0.1042 0.1041 0.1039 0.1037 0.1036 0.1034
134 0.1027 0.1025 0.1024 0.1022 0.1021 0.1019
135 0.1012 0.1010 0.1009 0.1007 0.1006 0.1004
136 00997 0.0095 00994 00992 00991 00989
137 00982 0.0981 00979 00978 00977 00975
138 00968 0.0967 00965 00964 00963 00961
139 00954 0.0953 00952 00950 00949 00948
140 00995 00934
141 00922 00021
142 00909 00908
143 00897 00896
144 00884 00883
145 00872 0.0871
145 00861 00859
147 00849 00848
148 00838 00836
149 00826 00825
150 00815 00814
151 00805 00804
152 00794 00793
153 00784 00783
154 00774 00773
155 00764 00763
156 00754 00753
157 00745 00744
158 00785 00734
159 00726 00725
160 00717 00716
161 X 00714 ) A 00708 00708
162 0.0707 0.0706 00705 00703 0.0702 00701 00701 00700 00699
163 0.0698 0.0697 00696 X 00695 0.0694 00693 00692 00691 00690
164 0.0690 0.0689 00688 0.0687 00686 0.0685 00684 00684 00683 00882
165 0.0681 0.0680 00680 0.0679 00678 0.0677 00676 00675 00675 00874
168 0.0673 0.0672 00671 0.0671 00670 0.0669 00668 00667 00667 00666
167 0.0665 0.0664 00663 0.0663 00862 0.0661 00660 00659 00659 00658
188 0.0657 0.0656 00656 0.0655 00854 0.0653 00652 00652 00651 00650
189 0.0649 0.0649 00648 0.0647 00646 0.0645 00645 00644 00643 00842
170 0.0642 0.0641 00640 0.0639 00639 0.0633 00657 00636 00636 00635
171 0.0634 0.0633 00633 0.0632 00631 0.0631 00630 00629 00628 00628
172 0.0627 0.0626 00625 0.0625 00824 0.0623 00623 00622 00621 00620
173 0.0620 0.0619 00818 0.0617 00817 0.0616 00615 00615 00814 00813
174 0.0613 00612 00811 0.0610 00810 0.0609 00608 00608 00607 00806
175 0.0606 0.0605 00604 0.0603 00603 0.0602 00801 00601 00600 00559
176 0.0599 0.0598 00597 0.0597 00596 0.0595 00595 00594 00593 00593
177 0.0592 0.0591 00591 0.059%0 00589 0.0589 00588 00587 00587 00586
178 0.0585 0.0585 00584 0.0583 00583 0.0582 0.0581 00581 00580 00579
179 0.0579 0.0578 00578 0.0577 00576 0.0576 00575 00574 00574 00573
180 0.0572 00572 00571 0.0570 00570 0.0569 00569 00568 00567 00567
181 0.0566 0.0565 00565 0.0564 00564 0.0563 00562 00562 00561 00560
182 0.0560 0.0559 00559 0.0558 00557 0.0557 00556 00556 00555 00554
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TABLE X8.2 Continued

Diagonal of Vickers Hardness Number for Diagonal Measured to 0.1 um
Indentation, um 0.0 0.1 02 0.3 0.4 0.5 0.6 07 0.8 0.9

183 0.0554 0.0553 00553 0.0552 0.0551 00551 00550 0.0550 0.0549 0.0548
184 0.0548 0.0547 0.0547 0.0546 0.0545 00545 00544 0.0544 0.0543 0.0542
185 0.0542 0.0541 0.0541 0.0540 0.0540 00539 0.0538 0.0538 0.0537 0.0557
186 0.0536 0.0535 00535 0.0534 0.0534 00533 00533 0.0532 0.0531 0.0651
187 5: 0.0530 00520 0.0529 0.0528 00528 00527 0.0526 0.0526 0.0525
188 0.0525 0.0524 0.0524 0.0523 0.0522 00522 0.0521 0.0521 0.0520

189 00519 0.0519 00518 0.0518 00517 00516 00516 00515 0.0515 0.0514
190 00514 00513 00513 00512 0.0512 00511 00510 00510 0.0500 0.0509
191 0.0504 0.0504
192 0.0499 0.0498
193 0.0494 0.0493
194 0.0489 0.0488
195 0.0484 0.0483
196 0.0479 0.0478
197 0.0474 0.0474
198 0.0469 0.0469
199 0.0465 0.0464
200 0.0460 0.0459
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