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“Thiss standard is issued under the fixed designation K92: the number immediately following the designation indicates the year of original

adoption or, in the case of revision, (he year of last revision. A number in parentheses indicates Lhe yeur of last reapproval. A superscript

epsilon () indicales an editorial chunge since Lhe kst revision or reapproval

This standand has been approved for wse By agencies of the U.S. Department of Defense.
1. Scope continued common usage, force values in gf and kgt units

provided for information and much of the discussion in this
standard as well as the method of reporting the test results
refers to these units.

Nowe |—The Vickers and Knoop hardness numbers were originally
deiined in lerms of the Lest foree in kilogram-foree (kgl) and Lhe surface
arca or projecied arca in millimetres squared (mm?). Today, the hardness
numbers are intmationally defined in terms of ST unils. thal is. the test
a Newtons (N). Towever. in practice, the most commonly used
gram-force (kgl) and gram-Torce (gf). When Newton
he Toree must be diwdcd h) the conversion factor

1.1 These test methods cover the deremunql:tm wf the
chker\ 1mrdness and Kmmp hudne\s of memlllg :ﬁdlﬂlab by

hd[(lHENS mALhmes and the pmuedu[e\ for
and Knoop hardness (ests.

Vickers and Knoop Hardness Standardizing Machines
Standardization of Vickers and Knoop Indenters, o 3~
Standardization of Vickers and Knooy

sting procedures, and verification
identical for both the Vickers and
Knaeg hfdness (osts. Thc significant differenees between the
Gy fak $ ure the geometries of the respective indenters. the
-muhod of calculation of the hardness numbers. and that
wkers hardness may be used at higher force levels than
Kmmp hardness.

Not 2—Whife Committee E28 48 peimarily concerned with metallic
materials, Uesrest procedures desaried me/nppllmble 1o other materia

Examples of Procedures for'sle}Biditd
Knoop Hardness Uncertaintys

1.4 This test method coders: YM{Qr\ hdrdt& ests Other mat i ‘, ay require spd v,... : for example see
wtilizing test forces ranging froht 9807 x 107 N'd 1178834 N ¢ leg ﬂ_rD; 43377 for catamic l??“,m' »

(I gl o 120 kgh), and Knoop hardness testsade util

X xmudard does & b pusport (o address all of the
forces from 9.807 x 107 N to 19.613 N (f. enu .zAﬁgf:) 4

safety, ('d with its use. It is the
respos itity z)f he user rlf WA standard to establish appro-
priate safetv and health practices and defermine the applica-
bility of regulatory limitafions prior 10 use.

kg) may bc found in Test Method E:

Microindentation Hardness of Materials. > 2. Referenced Documents

1.6 Units—When the Vickers and Knoop hardness tests 2.1 ASTM Standards:*
were developed. the foree levels were specified in units of C1326 Test Method for Knoop lndentation Hardness of
grams-force (¢f) and kilograms-torce (kgf). This standard Advanced Ceramics
specifies the units of force and length in the International C1327 Test Method for Vickers Tndentation Hardness of
System of Units (ST): that is, force in Newtons (N) and length Advanced Ceramics
in mm or pm. However, because of the historical precedent and E3 Guide for Preparation of Metallographic Specimens

E6 Terminology Relating to Methods of Mechanical Testing
E7 Terminology Relating to Metallography

M Commitiee K28 on

beommiltee E28.06 on

! These test methods are under the jurisdiction of A
Mechanical Testing and is the direct responsibility of §

Indentation Hardness Testing = For referenced ASTM standards. visil (he ASTM websile, wiwwastm.ore, or
Current edilion approved Feb. 1. 2016, Published April 2016, Originally  conluct ASTM Customer Service at service@astm org, For Annsial Book of ASTM
approved in 1952, Last previous edition approved in 2003 as F92-822003) which  Standerds volume informalion. refer (o the standard’s Document Summary page on

was withdrawn July 2010 and reinslated in February 2016, DOL 10.1520EX02-16, Lhe ASTM websile.
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E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E74 Practice of Calibration of Force-Measuring [nstruments
for Verifying the Force Indication of Testing Machines

E 140 Hardness Conversion Tables for Metals Relationship
Among Brinell Hardness, Vickers Hardness, Rockwell
Hardncss, Superficial Hardness, Knoop Hardness, Sclero-
scope Hardness, and Lech Hardness

EL175 Terminology of Microscopy

EL77 Practice for Use of the Terms Precision and Bias in
ASTM Test Mcthods

E384 Test Method for Knoop and Vickers Hardness of
Materials

E691 Practice for Conducting an Interlaboratory Study to
Determine the Pucusmn of a Test Mcthod

Part 1: Tul Mcthod
TSOMTEC 17011 Conformity Asscssment—2Giifgrt

mem for Accreditation Bodies Auuédﬁﬁ&' Cnhmdﬂm
ssessment Bodies
ISO/IFC 17025 General Reguircments.
of Testing and Calibration Laboratonés

3. Terminology and Equations M
3.1 Definitions of Terms—For ﬂm}.im{ldﬁ! Jehhm« o of
terms used in this test me e bt B8 Add
Tummol(wy E7.
3.1.1 indentation hmd:m -n«lhumrdum as cvaluated

i rrion made by

force applicd (o the Knoop indenter dmde by-lm gq
area of the permanent indentarion made by_lhe mdglzl;; ptre[
removal of the test force.

3.1.2.1 Discussion—The projected ardd) by shd: ﬁchﬂncnl
indentation made by the Knoop indenter® 1€ $3E13488d based
partly on the measured length of the long %
projected area of the indentation. .

3.1.3 Kuoop hardness iesf, n—an indentation test in which a
Knoop rhombic-based pyramidal diamond indenter having
specified edge angles, is forced under specified conditions into
the surface of the test material. and. after removal of the test
force, the length of the long diagonal of the projected area of
the indentation is measured to calculate the Knoop hardness
number.

3.1.4 Vickers hardness number, HV, n—the calculated result
from a Vickers hardness test, which is proportional to the test
force applied to the Vickers indenter divided by the surface
arca of the permanent indentation made by the indenter after
removal of the test force.

3.1.4.1 Discussion—The surface area of the permanent in-

* Available from American Nalional Standards [nslitule (ANS1). 25 W. 43rd SU,
Ath Floor, New York, NY 10036, htlp:/iwsew.ansi org.
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dentation made by the Vickers indenter is calculated based
partly on the measured mean length of the two diagonals of the
projected area of the indentation.

5 Vickers hardness tesi, n—an indentation (cst in which
a4 Vickers square-based pyramidal diamond indenter having
specified face angles is forced under specified conditions into
the surface of the test material, and, after removal of the test
force, the lengths of the two diagonals of the projected area of
the indentation are measured to calculate the Vickers hardness
number,

3.2 Definitions of Terms Specific w This Standard:

3.2.1 standardization, n—to bring in conformance 10 a
known standard through verification or calibration.

3.2.2 microindentation hardness test, n—a hardness test,
normally in the Vickers or Knoop scales, using test forces in
the range of 9.807 x 107 10 9.807 N (1 1o 1000 EON

3.2.3 macroindention hardness test, n—a hardness test using
test forces normally higher than 9.807 N (1 kgf). Macroinden-
tation tests include Vickers, Rockwell and Brinell.

Noe 3—LUse of the term microhardness should be avoided because it
5\?09 that the hardness, rather than the force or the indentation size, is

£33 $¢dly, n—a specific combination of indenter (Knoop or
& VIASIDY the test force (kgf).
27 .Dm s szl-nr exdmple HV 10 is a scale defined

.

|cpm| i','@sddﬂlcd \ulh an‘m;ﬁurn verification,
35% mmbu’n machine, amdchme capable of perform-
ing a Mickers VI goop hd[,d}lg;s‘ fe:
3.2.7 hardness testing metchi e,’ n—a Vickers or Knoop
hardness machine used for general testing purposes.

3.2.8 hardness standardizing machine. n—a Vickers or
Knoop hardness machine used for the standardization of
Vickers or Kmmp hardness test blocks.

tandardizing machine dif-
fers from a hmdncss testing machine by having tighter toler-
ances on certain parameters.

3.3 Equations:
3.3.1 The average ¢ of a set of »n diagonal length measure-
ments &, @, ... d, is calculated as:
dy+dtotd,
n

= )
where each of the individual diagonal measurements d, d,
..~ d, is the mean of the (wo diagonal length measurements in
the casc of a Vickers indentation. or is the long diagonal length
measurement in the case of a Knoop indentation.
3.3.2 The repearability R in the performance of a Vickers or
Knoop hardness machine at cach hardness level, under the

9
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particular verification conditions, is determined from » diago-
nal made on a standare d test block as part of
a performance verification. The repeatability is estimated as the
percent range of 2 diagonal measurements with respect to the
measured average hardness value as:

Qi = Yo
R=100X[ =—= (2
d
where.
Ao = the longest diagonal length measurement made on the
standardized test block, ..
dyin = the shortest diagonal length measuremest nade on
the standardized test block. and
a = the average (see 3.3.1) of the n diy

made on the St

hardness machine at each hardness level, ;dmve toa \mndx;l
ized reference value, is calculated as a perg@ifrerror determined
as: ’

= 100><<

where. . :

d = the average (see 3.389%8% (OPOILENED measure-
ments made on $iidtdized 3¢ jﬂock as part of a
performance verd3&APh. ahd 13

dyy = the certified (uagpomlm«wh wpo}m

ized test bluL

4. Significance and Usc B3

4.1 Vickers and Knoop hatdr
very useful for materials evaluation, qua
facruring processes and research and zﬁ;a'lz)pm
Hardness, although empirical in nalure.:o:u > ¢
tensile strength for many metals, and is an
resistance and ductility,

€ rel'ured ©
X '(m()t wear

4.2 Microindentation hardness (ests extend 18 ng to mate-
rials that arc too thin or too small for macroindentation
hardness ests. Microindentation hardness tests also allow
specific phases or constituents and regions or gradients (0o
small for macroindentation hardness testing to be evaluated.

ions for microindentation testing can be found in
Test Method E384.

4.3 Because the Vickers dnd Knoop hardness will reveal
hardness variations that may e; within a material, a single
(est value may not be representative of the bulk hardness.

4.4 The Vickers indenter usually produces essentially the
same hardness number at all test forces when esting homoge-
ncous material, except for tests using very low forces (below
25 ¢f) or for indentations with diagonals smaller than about 25
pm (see Test Method 4). For isotropic materials, the two
diagonals of a Vickers indentation are equal in length.

4.5 The Knoop indenter usually produces similar hardness
numbers over & wide range of test forces, but the numbers tend
(o risc as the test force is decreased. This rise in hardness
number with lower test forees is often more significant when
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higher hardness materials, and is increasingly more
ant when using test forces below 50 gf (see Test Method

4.6 The 2 four-sided rhombohedral shape of the
Knoop indenter, where the length of the long diagonal is 7.114
times greater than the short diagonal, produces narrower and
shallower indentations than the squarc-based pyramid Vickers
indenter under identical test conditions. Hence. the Knoop
hardness test is very useful for evaluating hardness gradients
since Knoop indentations can be made closer together than
Vickers indentations by orienting the Knoop indentations with
the short diagonals in the direction of the hardness gradient.

5. Principle of Test and Apparatus

5.1 Vickers and Knoop Hardness Test Principle—The gen-
eral principle of the Vickers and Knoop indentation hardng
test gonsisls ol (wo steps.
. Step I—The applicable specified indenter is brought
tact with (he test specimen in a direction normal to the
E the test force # is applied. The test force is held for
E quqxgg(g ;iwell time and then removed.
5320 §tep 2—For the Vickers hardness test, the lengths of
thiatddt diagonals are measured and the mean diagonal length
Beddddlated. which is used (o derive (he Vickers hardness

+23@8& For (he Knoop hardness (est. the length of the long

sdirdonal is measured, which is used to derive the Knoop

hardness value.
513 M(»x materials will exhibir some elastic recovery

ye!
for the purgeses of Lulculmn' ‘lﬁe' hardness results from the
Jiagonal len i ssumed that the indentation
relains ghe sttape of the indenggragfier the force is removed. Tn
Knogp testing? fai§ assumed, (i} (he ratio of the long diagonal
(o the: short diagonal of theivdéitation is the same as for the
indenter,

5.2 Testing Machine—The testing machine shall support the
test specimen and control the movement of (he indenter into the:
specimen under a preselected test foree, and should have a light
optical microscope o select the desired test location and to
measure the size of the indentation produced by the test. The
plane of the surface of the test specimen should be perpendicu-
lar to the axis of the indenter which is the direction of the force
application.

5.2.1 Sece the equipment manufacturer’s instruction manual
for a description of the machine’s characteristics. limitations,
and respective operating procedures,

5.3 Indenters:

.1 Tndenters for general Vickers or Knoop hardness
testing shall comply with the requirements of a Class B
indenter or better in accordance with Annex A3,

.2 Vickers Indenfer—The ideal Vickers indenter (see Fig
A3.1) is a highly polished, pointed. square-based pyramidal
amond with face angles of 136 0",

5 3.3 Knoop Indenter—The ideal Knonp indenter (see Fig.

amond. The included longitudinal edge angles are 172% 3
and 130° 0",
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Notn 4—The user should consull with the manulacturer before apply-
ing macroindentation Lest forees (over 1 kgh with diamond indenters
previously used for microindentation Lesting. The diamond moun may not
be strong cnough o support the higher Lest forces and the diamond may
nol be large enough Lo produce the farger indentalion siz

54 Measurement Device—The diagonals of the indentation
are measured (see 7.9.2) using a light microscope equipped
with a filar type eyepiece (see Terminology E175). or other
type of measuring device. Additional guidance on measuring
devices may be found in Test Method E384.

54.1 The testing machine’s measuring device shall be
capable of reporting the diagonal lengths (o within the require-
ments of 7.9.2.

5.4.2 The measuring device may be an integral part of the
tester or a stand-alonc instrument, such as a high quality
measuring microscope or measuring system. To, obtain the
highest quality image for measuring the indentarics diagonal,
the measuring microscope should have adjustablesifidiinati
intensity. adjustable alignment, aperture, and M ingh .

5.4.3 Magnifications should be provided spatha? ¥ ehodmo—
nal can be enlarged to greater than 25 % e
the field width. The device may be built wigh:
magnifying objectives.

5.5 Verifications—All (esting machinesg pidentation meggur- *
ing devices and indenters used (o perforng Vickers apgls]
hardness tests shall be verified periodically m.mhtme iy
Annex Al prior to performing hdrdue» leSlS'

5.6 lest Blocks—Test blogKss mhn b,ﬂc{ Dk oS
Annex Ad shall be used (§akdly, 0 tding” mﬂchmc in
accordance with Amnex Al
5.7 Test Forces—The333ddtd hardnes§ §ebt Idrees are given 22
in Table L. Other m)ﬁ-}&&ﬂi.\rd test fordes M be used by
special agreement. *

TABLE 1 Standard Hardness Scales §r{d Test Fpl‘@, M

5.8 Calculation of the Vickers Hardness Number—The

Vickers hardness number is based on the indentation test force

F in kef divided by the surface area A of the indentation in
2

mm?,

| Testforce P
HV= Surface Area A (q) &
The surface arca (Ag) of the indentation is calculated as:
4 _ 4y <
AsT T s Su
2sinz

where:
o = face angle of the diamond indenter = 136°, and
dyy = mean Vickers indentation diagonal length (mm).

Orther units of force and length may be used; however, the
reported Vickers hardness number shall be converted to the
units of kgl and mm, as follows and given in Table 2.

5.8.1 Microindentation Vickers hardness is typically deter-
mined using indentation test forces in grams-force (gf) and
indentation diagonals mcasured in micrometres (um). The
Vlcrker\ hardness number, in terms of gf and um., is calculated
s oliows:

F
<= 1000 X 1.8544 >< (6)

% i ¢ gt

acroindentation Vickers hardness is typically deter-
nﬂch I%ing indentation test forces in kilograms-force (kgl)

L4134 Identation diagonals measured in millimetres (mm). The

$1d& s hardness number. in terms of kgt and mm, is caleulared

< Tollows:

7y

g wber. in terms of indentation
test Lxgr;g\.x‘u Newtons (N}, qlz(Pm(lémdlum diagonals measured
in milljpgerrds, (mm), is edloylpgeyl as follow:

- 44 F
Vickers Knoop Testforce  AP@Mnsie u dppredmate Jrv e s 0.1891 X — (8)
scale scale? (N} 980663 " 3 (umy a5 oy
oo AKoor 0009807 59 C of the Knoop Hardness Number—The
HY 0.01 HK 0.01 0.09807 Knoop hardness number is based on the indentation (est foree
HvO0IS  HK0.015 01471 (kgh) divided by the projected arca A, of the indentation
HY 0.02 HK 0.02 0.1961 g
HV 0025  HK0.025 02451 (mm-).
HV 0.05 HK 0.05 0.4903 Test fi . F
HV 0.1 HK 0.1 0.9807 ng = _estforee ) e
HY 0.2 HK 0.2 1.981 Projected Ared Ap i !
HV 03 HK 0.3 2.942
HV 05 HK 05 4.903 The projected area (Ap) of the indentation is calculated as:
HY 1 HK 1 9.807
HY 2 HK 2 19.61
HY 3 29.41 TABLE 2 Vickers and Knoop Formulae
s 1859 ETr———
Force (A) unit Diagonal (d) unit Formula
HV 20 198.1 ke -
gf mm 8544 x Fif
HV 30 20941 o
HY 50 2903 g pm 854.4 x F/
HY 100 9807 N mm HV 0.1891 x Fief
W 120 prsi Knoop hardness number
Formula

4 The user should consult with the before applying
test forces (over 1 kgf) for Knoop hardness testing. The diamond may not be large
enough to produce the larger indentation sizes (see Note 4).
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Force (F) unit Diagonal (d) unit

kgt mm 4.209 x FicP
o pm 4229 x FicP
N mm HK* 1.451 x FicP




Ap=di xXc,

where.
dx = Knoop indentation long diagonal length (mm), 'md
cp = indenter constant relating the projected arca of the
indentation to the squarc of the length of the long
diagonal, ideally 0.07028, where:
LB
tan——
—— = 007028 (an
2tan,
where.
ZA the included longitudinal edge angle. 1.72. '?D., and

LB included transverse edge angle. 130°, 0

5.9.1 Knoop hardness is typically det@ptined using inden-
tation test forces in grams-force (gf) £l indentation, Jeng

diagonal meaxured in mlcrnmel[es l{ um) Z['he Knogp m&ﬂkh

5.9.2 The Knoop mrdnﬂ\ﬁcmh;tjbnonib indentation

test torces in kgt and the,hiigddtionlong Mbhﬂ measured i in

mm, is calculated as T oﬁé"i.

5.9.3 The Knoop hardness itimber, inlerm@ di mdoﬁaﬂon
test forces in Newtons (N) and the mdeﬂr&uon long w-{g&ldl
measured in millimetres (mm). is calcula&d 33 foll

_ 14229
= 980663

5.10 Hardness Number—Vickers and Knoop hardness val-
ucs arc not designated by a number alone because it is
necessary to indicate which force has been employed in
making the test. The hardness numbers shall be followed by the
symbol HV for Vickers hardness, or HK for Knoop hardness,
and be supplemented by a value representing the test foree in
kef.

5.10.1 For nonstandard dwell times, other than 10 10 15 s,
the hardness shall be supplemented with the actual total force
dwell time used in seconds separated by a “/”.

5.10.2 The reported Vickers and Knoop hardness number
shall be reported rounded to three significant digits in accor-
dance with Practice E29.

5.10.3 Examples:

400 HK 0.5 = Knoop hardness of 400 determined with a 500 of (0.5 kgf)
indentation test force,

992 HV 0.1 = Vickers hardness of 99.2 determined with a 100 gf {0.1 kgf)
indentation test force,

725 HV 10 = Vickers hardness of 725 determined with a 10 kg indentation
test force.

400 HK 0.1 /22. = Knoap hardness of 400 deterrined with a 100 gf 0.1 kgf)
indentation test force and a 22 s total force dwell time.

6.1 There is no standard shape or size for a Vickers or
Knoop (est specimen. The specimen on which the indentation
is made should conform to the following:

6.2 Preparation—For optimum accuracy of measurcment,
the test should be performed on a flat specimen with a polished
or otherwise suitably prepared surface. The quality of the
required surface finish can vary with the forces and magnifi-
cations uscd. The lower the test force and the smaller the
indentation size, the more critical is the surface preparation. In
all tests, the preparation should be such thar the indentation
perimeter and the indentation tips in particular, can be clearly
defined when observed by the measuring system. Surface
preparation recommendations for low-force microindentation
testing can be found in Test Method E384.

6.2.1 The test surface shall be free of any defects that could
fect the indentation or the subsequent measurement of the
.du Smals. It is well known that improper grinding and polish-

hods can aller test results cither duc to excessive
old work. Some materials are more sensitive to
nduced damage than others; therefore, special
prL;gquqm shall be taken during specimen preparation. Re-
mp¥p Yy damage introduced during specimen preparation.
$%29 The specimen surface should not be etched before
g an indentation. Etched surfaces can obscure the edge of
ndentation, making an accurate measurement of the size of

the indentation difficult. There may be microindentation testing

applicatippd swhere a light erdfm be appropriate (see Test
Method F'%‘{-t)

6. Ktsnmﬂnt To ()bl i Bk information from the test,
the spctrmus Should be pugmed or mounted so that the (est
surfacesis pe(‘pcnm ular to thesaxis of the indenter. This can
readily be accomplished Wy %shifute grinding (or otherwise
machining} the opposite side of the specimen parallel with the
side (0 be tested. Non-parallel (cst specimens can be (ested
using clamping and leveling fixtures designed to align the test
surface properly (o the indenter.

6.4 Mounted Test Specimens—In many instances, especially
in microindentation (esting. it is necessary (0 mount the
specimen for convenience in preparation and (o maintain a
sharp edge when surface gradient tests are to be performed on
the (est specimen, When mounting is required, the specimen
shall be adequately supported by the mounting medium so thar
the specimen does not move during force application, that is.
avoid the use of polymeric mounting compounds that creep
under the indenter torce (see Test Method E384).

S Thickness—The thickness of the specimen (ested shall
be such that no bulge or other marking showing the effecr of
the test force appears on the side of the picce opposite the
indentation. The thickness of the material under test should be
at least ten (imes the depth of the indentation (sec Note 5).
Similarly. when (esting a coating on a material, the minimum
thickness of the coating should be ar least ten times the depth
of the indentation.

Noms S—The Vickers indentation depth 4, is approximately
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hy=0.143%d, (15
or approximately 1/7 of the mean diagonal length dy. The Knoop in-
dentation depth f, is approximately

= 0033 Xdy.

Iy 16)
or approximately 1/30 of the long diagonal ength dy.

6.6 Radius of Curvafure—Duc caution should be used in
inerpreting or accepting the results of tests made on spherical
or cylindrical surfaces, particularly when using low test forees.
Results will be aficcted even in the case of the Knoop test
where the radius of curvature is in the dircction of the short
diagonal. Anncx A5 provides correction lactors that shall be
applied to Vickers hardness valucs obtained when tests are
made on spherical or cylindrical surfaces.

7. Test Procedure

7.1 Verification—A periodic verification proge3id¢ 38413 bt
performed in accordance with AT5 within ordS $3ER DI AD!
making hardness tests. The periodic verifiddddd sholi&l bl
performed on a daily basis. Rt

7.2 Test Temperature—Vickers and Kn@ép hd[dness re\l\
\hould be cdmed outara remperdlu[e wnhm {ne limits of 106

ture within a tighter range.

7.3 Indenter—Select the indentes soither :Kmx o Y&
to suit the desired test to be P:tii Emied. ﬁ:fe{ o &8¢ manufac-
turer’s instruction manual ; )'r-lhe pgq)cr -pmeedure if ir is
necessary to change inden

7.3.1 After each changg sgrapmoval and gepqcinent, of the -

test specimen so that the indentation will be made in the
desired location on the test surface. Before applying the forc
make a final focus using the measuring objective (see 7.9 and
Tablc 3).

7.7 Force Application—Apply the sclected st force as
follows in a manner and in an environment that prevents shock
or vibration during the indenting process.

7.7.1 For microindentation testing, the indenter shall contact
the specimen at a velocity between 15 and 70 um/s. For
macroindentation testing, the contact velocity should not ex-
ceed 0.2 mm/s,

7.7.2 The time from the initial application of the force until
the full test foree is reached shall not be more than 10 s.

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

7.74 For some applications it may be necessary to apply the
test force for longer times. Tn these instances the tolerance for
the time of the applied force shall be = 2 s. The application
time, §Qall be defined in the report.

23 Remove (he test force without shock or vibration.
*1.5:4 T3gidng the entire test cycle of force application and

+ remd$3ls 31 Lt machine should be protected from shock or
+ Ybratidd o T ‘minimize vibrations, the operator should avoid

con\.ﬂtﬁig Jhe machine in any mamner during the entire test

Location—After the force is removed, switch o the
mmwmw mode, and sclect the proper objective lens, Focus
rhe image. Ad_]usl the light intensity if necessary, and adjust the

nd contrast.

indenter, it is recommedgipd et a penndi} ;,
performed as specified in"4 3.5
ceasionally clean g .lﬁde'lﬂé( mlh' A dotton sﬁ.\h
and alcohol. Avoid creating sidtfc charges durfiy dmmm;
Indenting a piece of paper placed on top of ihe lesl P
will often remove oil from the indenter. 43¢ sox .
diamond tip with fingers.
33 Induncm should be cxamined per hey
placed if they become worn. dulled. chlppcd 'rgtckcd or
scparated from the mounting material. Cheeks of the indenter
by the user may be performed by visual inspection of the
resulting indentations performed on test blocks.

7.4 Magnitude of Test Force—Ser the desired test force on
the tester by tollowing the manufacrurer’s instruetions.
4.1 After euch change of a test foree, it is recommended
that the operation of the machine be checked by performing a
periodic verification as specified in ALS, particularly for
machines where the weights that create test forces are changed
manually or there is a chance of jamming occurring when
weights are changed.

jon hy

7.5 Positioning the Test Specimen—Place the test specimen
in the appropriate fixture or on the tester stage so that the test
surface is perpendicular to the indenter axis.

7.6 Locate the Test Point—Focus the measuring microscope
with a low power objective so [hdl the specimen surtace can be
observed. Adjust the light intensity and adjust the diaphragms

for optimum resolution and contrast. Adjust the position of the

Copyight ASTM International
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s position relative to the

7 8. > 'It :chmumuon djd hop ogcur at the desired spot. the
tester is it of Wigpment. Congy¢ the manufacturer’s instruc-
tion mihual for tht*Proper piddetitile to produce alignment.
Make another indentation and recheck the indentation locarion.
Readjust and repeat as necessary.

79 1 both diagonals of a
Vickers indentation or the long diagonal of a Knoop indenta-
tion by operating the measuring device in accordance with the
manufacturer’s instruction manual.

7.9.1 When the indentation measuring device is a light
microscope that requires the tull indentation to be seen and
measured in the ficld of view, the highest magnification that
can image the {ull indentation shall be used. To stay within the
flat field of the ohjective. the indenration length should not
exceed 75% of the field width. The objective selected to
measure the indentation should have an objective resolution
(rop that is < 2% of the diagonal length 1o be measured.
Objective resolution () is a function of the numerical
aperture (NA) of the objective, see Note 6. The minimum
recommended diagonal lengths to be measured by typical
objectives are shown in Table 3.

Meas

Nore 6—The objective’s resolution (r,,,} is defined us:

=%/(2 X NA) an

Lo
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TABLE 3 Recommended Indentation Diagonal Lengths for
Commonly used Objectives and NA

Commonly used Typical NA Objective Recommended
Objective will vary by Resolution Diagonal

Magnifications® objective type) [ Lengths pm
25x 007 393 1965 or longer
5x 0.10 275 137.5 or longer
10x 025 110 55 or langer
20x 040 069 34.5 or longer
20x 045 051 30.5 of longer
40x 055 050 25 or longer
40x 065 0.42 21 or longer
50x 065 0.42 21 or longer
60x 070 0.39 18.5 or langer
100% 080 0.34 17 or longer
100% 095 029 14.5 or langer

AThis is the magnification of the abjeative and may not be the total magnification
of the system. Many systems have a 10x eyepiece that increases the total
magnification by a facior of 10 at the operator's eye. This additiona] magnification

where: :

% = the wave length of the light in ym (appeces m it G'osgun
Tight), and

NA = the numerical aperture of the defined by the

manufacturer. (The on the side of euch
objective.) Example: For a 50x objedib¢ wilh a NA ofe Q.
using grecn light, 1y, = 0.55 um / (2 § 0.65) = 0,43;@::

7.9.2 Determine the length of the diagonp!

bt
or less. For indentations less thgn, #93m. gagiiing ;l;;_ gqm;n .

of the diagonals to within 0.2548 3t less 2 FQeingeageions less
than 20 pm, the length of the ILonad $83¢ de determined
to within 0.1 pm or less? 3 381° cq$.2 $30&A measurement
increments may be repdddd If lhe’ equﬁvlﬂrﬁﬂ.l'
smaller

displaying

7.10 Indentation bmmwm}m M

7.10.1 Vickers—tor % Mk aden33d
either diagonal is more thi8 Si % Ghder thahihd other
that diagonal, or if tbe four corhtrs of the umuﬂdnon ard
sharp focus, the test surface may not beag i
indenter axis. Check the specimen nlmm
7103,

7.10.2 Knoop—For a Knoop ummmuon
long diagonal is greater than 10 % longer thare Phe:mher or if
both ends of the indentation are not in sharp foeus, the test

&l in
6 ahe

capable of

specimen surface may not be perpendicular to the indenter
axis. Check the specimen alignment as given in 7.10.3.

7.10.3 Trthe diagonal legs arc unequal by an amount greater
than the limits defined in 7.10.1 or 7.10.2, rotate the specimen
90% and make another indentation in an untested region. T the
nonsymmetrical aspect of the indentations has rotated 907, then
the specimen surface may not be perpendicular (o the indenter
E and may vield incorrect hardness results. 1f the nonsym-
metrical nature of the indentation remains in (he same
orientation. check the indenter for damage or misalignment as
described in 7.10.4.

7.10.4 The alignment of the indenter may be checked using
a lest specimen, such as a standardized test block. known to
produce uniformly shaped indentations. Confirm that the test
block surface is perpendicular to the indenter axis as described
in 7.103. Make an indentation. T the indentation is not
symmetrical, the indenter is misaligned. and the tester shall not
be used until it meets the requirements of sections 7.10.1 or
7102,

7.10.5 Some materials may have nonsymmetrical indenta-
tions cven il the indemter and the specimen surface are
éul‘y aligned. Tests on single crystals or on textured
X nay produce such results. When tests on these types
h1sdqls soroduce nonsymmetrical indents exceeding the
Limtgafd% 401 or 7.10.2, it should be noted on the (est report.
105 Bnnle mAlemls \uch as ceramics

oonvumd in Test Muhods CHZO 'md NEA

*11 Spacing of Indentafions—Generally more than onc
indentation is made on  test specimen. It is necessary to ensure
thar the spyejng between indeggipns is large enough so that
ﬂdjnccnllcgt do not interf m. wm tach other,

‘B8 Ot tesnng-pm-pt . the minimum recom-
i s. and minimum distance
m'ul«u of the specimen are

ﬂlu\Lra&d in FN b .

7.11.2 For some applicatiohs, closer spacing of indentations
than thosc shown in Fig. | may be desired. Tf closer indentation
spacing is used, it shall be the responsibility of the testing
laboratory to verify the accuracy of the testing procedure.

25dW

25dwW

d K = Knoop Diagonal
d W = Knoop Width
dV = Vickers Diagonal

o &
2.5 d'V

FIG. 1 Minimum Recommended Spacing for Vickers and Knoop Indentations

Sopyaht AT el
L IHS under izense with
o retahcion o ekt pamted it crss o HS
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8. Conversion to Other Hardness Scales or Tensile
Strength Values

8.1 There is no general method of accurately converting the
Vickers or Knoop hardness numbers using one test force to
hardness numbers using a different test force, or to other types
of hardness numbers. or to (ensile strength values. Such
conversions arc, at best. approximations and. therefore, should
be avoided except for special cases where a reliable basis for
the approximate conversion has been obtained by comparison
tests. For homogencous malerials and test forces = 100 gf,
microindentation Vickers hardness numbers are in.reasonable
agreement with macroindentation Vickers ha[(ll}g .

Refer 1o E140 for hardness Lonvcrsmn tables

Nom: 7—T140 gives hardness
specific matcrials such as stcel, nickel and high- mmd alidykse
brass. copper alloys. alloyed L irons
products.

9. Report
9.1 chorl lhc I'ollowing information:

9.1.2 Tcsl force,
9.1.3 The total force appli
10to 15 s as dermed in 7 7

and
9.1.5 The wst empgigldds when oumm‘,wc fecommended
allowable range of 10.(:155.(4 (50°F 3

10.1 Four sepurate mre[ldhommry \lmhes
ducted in accordance with Practice F633 (] dete
precision, repeatability. and reproducibil ny'ql"tbgs Lpgl‘m:mod
The four studies are defined as follows:

(1} Vickers and Knoop tests, six test 10fdebsihie ¢’ micro-
indentation range, twelve laboratorics, manddlisbéddurements,
scven different hardness level test specimens. St8eTtst Method
E384. X

(2) Vickers and Knoop tests. two test forces in the micro-
indentation range. scven laboratorics, image-analysis and
manual measurements, four different hardness level test speci-
mens. See Test Method E384.

(3) Vickers and Knoop (csts, six (st forces in the micro
range, twenty-five laboratories, manual measurements, six
ditferent hardness level test specimens. See Test Method E384.

(4) Vickers tests, four test forces in the macro range, seven
laboraterics. manual measurements. three different hardness
level test specimens. See 10.3.

10.2 Studies 1 through 3—The results and discussion of
Stwudies | through 3 are given in Test Method E384.

10.3 Siudy 4—The macroindentation Vickers precision
statement i based on an interlaboratory study of Test Methods
E92, Standard Test Method for Vickers Hardness of Metallic
Materials. conducted in 2001. Seven laboratorics tested three
different standard hardness test blocks using macro range test
forces of L. 5, 10, and 20 kgt. Only four laboratories were also
ablc o provide results at 50 kgf test force. Every “test result™
represents an individual determination of the Vickers hardness
of the material. Each luboratory was asked to report triplicate

SESC Lesults in order to permit the estimation of intralaboratory

Practice B691 was followed for the design and
the data: the dum: arc given in ASTM Rescarch

R'efaé:i.[\l RR: E04-1007.*
ubiae The precision statement was determined through
‘examination of 288 results. from seven laboratorics.

Material 1: 200 HY
Material 2: 400 HY
Material 3; BOO HV

10.3.2; Repeatability and, riepioducibility fimits are listed in

10,33 :[h‘e‘ahnve termg (séfeurability limit and reproduc-
ibility* B Bare used ﬂ<:<b kd in Practice E177.

5 "ﬂjae is no ;qu,mzed standard by which to
estimate the bias of this west4héthvd.

11. Keywords

11,1 hardness; indentation: Knoop: macroindentation: mi-
croindentation: Vickers

“ Supporting data have been filed al ASTM International eadquarters and may
be oblained by requesting Research Report RR1D4-1007. Contact ASTM Customer
Service at service@ astm.org

TABLE 4 Vickers Hardness at 1 kgf Test Force (HV 1)

Test Block

Repeatability

Reproducibility

Average Standard Deviation  Standard Deviaion  Repeatabilty Limit  Reproducibiliy Lirit
Nominal Hardness oy Sias " vy iy Py
(HY) % o
% s, e v R
200 209.2 NA 41 74 115 19.9
400 4138 NiA 8.1 156 228 437
800 812.9 N/A 218 21.8 611 61.1
Capyright ASTH Iternatonal 3

Provied by IHS undr icense with ASTM
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TABLE 5 Vickers Hardness at 5 kgf Test Force (HV 5)

Test Block

Repeatability

Reproducibility

Nomingl Hardness Average Standard Deviation  Standard Deviation  Repeatability Limit  Reproducibility Limit
Y HV) Bias {HY) H) (HV) (HY)
HY) X A s, v R
200 199.0 A 52 47 145
400 4218 NA 73 133 205
800 828.0 NA 195 250 546
TABLE 6 Vickers Hardness at 10 kgf Test Force (HV 10)
Tost Block Repeatability Feproducibilty
Nominal Hardness Average Standard Deviation  Standard Deviation  Repeatability Limit  Reproducibility Limit
Y H) Bias {HY) HY) (HY) (HY)
X Sn v R
200 198.1 NA 30 60 85
400 3085 NA a1 82 254
800 800.2 17 66 327
tess at 20 kgf Test Force (HV 20)
Test Block Repeaability Reproducibility
Average *@andard Deviation  Standard Deviation  Fepeatability Limit  Reproducibility Limit
Nominal Hardness w0
v (HY) v (HY)
X r R
200 197.1 49 99
400 415.7 7.0 142
800 233 466
‘dness at 5¢ k9% Test Force (HV 50)
Test Block Repeatabiis Reproducibility
Nominal Hardness s‘andaln:ﬁngt?g Standard Deviation  Repeatability Limit  Reproducibility Limit
{HY) R R
200 . 43
400 57
800 336

H Mandatory Information)

Al. VERIFICATION OF VICKERS AND KNOOP HARDNESS TESTING 1

ALY Scope
AIL.l.l This Annex specifies three types of procedures for

verifying Vickers and Knoop hardness testing machines: direct
verification, indireet verification, and periodic verification,

Al.1.2 Direct verification is a process for veritying that
critical components of the hardness (esting machine are within
allowable tolerances by directly measuring the test forces,
indentation measuring system, and testing cycle,

A1.1.3 Tndircct verification is a process for periodically
verifying the overall performance of the (esting machine by
means of standardized test blocks.

Al.l4 Periodic verification is a process for checking and
monitoring the performance of the testing machine berween
indircet verifications by means of standardized test blocks.

ACHINES

Al.2 General Requirements

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

Al1.22 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards when a system of traceability exists, except as noted
otherwise.

Al.23 Direcr verification of newly manufactured testing
machines may be performed at the place of manufacture or the
location of use. Dircct verification of rebuilt testing machines
may be performed at the place of rebuild or the location of use.

Al.24 The temperarure ar the verification site shall be
measured with an instrument having an accuracy ol at least

Copyriht ASTM Intemational 9
Provided by IHS under cense vith ASTH
fion ar networking pemitied without licanse from HS



TABLE A1.1 Verification Schedule for a Vickers and Knoop
Hardness Testing Machine

Verification

Schedule
rocedure

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

When a testing machine fails an indirect verification

Direct
Verification

Indirect Fecommended every 12 months, or more often if
Verification needed.
Shall be no longer than every 18 months.

When a testing machine is installed or moved, [only a
partial indirect verffication is performed by following the
procedure given in A1.4.5 for verfiying the as-found
condition]

Following a direct verification.

To qualify an indenter that was not verified in the last
indirect verification. (only a partial indirect verification is
performed, see A1.4.8) B

Periodic
Verification

Required within a week prior to the machide t§elnd diged.

Recommended each day that the machigeris secels = +

Required whenever the machine is moyds
whenever the indentey

changed

menitored throughout the ver
temperarure variations be recorde
tuce A[ the Vermcdnnn site d()e q

to conduct the verifications of eVickers or
machines in accordance pithatfi Standard be apd:
menrs of ISOEC 17023}

(LLAC) as operating to the reqeivansoe B
Nors Al2—A valid and cun Cf!e'aﬁﬁcawscop‘ amedmhm o

conduct verifieations of Viekers or Knoop hard{egs tesfing maghdged in

accordance with Test Method E384 is constder eqlu‘ﬂth o a

cerlificalofscope of acereditation (© conducl vew haiens, @

Knoop hardness (esting machines in accordanc ua 1H:

force levels listed on the certificale/

A3 Direct Verification

Al3.1 A direct verification of the testing machine shall be
performed at specific instances in accordance with Table AT.1.
The test forees, indentation measuring system. testing cycle.
and indenters shall be verified as follows.

Nore Al3—Direct verification is a useful tool for determining the
sources of error in a Knoop or Vickers hardness testing machine.

A1.3.2 Verification of the Test Forces—Each Vickers andfor
Knoop test force that will be used shall be measured. The test

forces shall be measured by means of a Class A elastic torce
measuring instrument. as described in Practice E74, or an
equivalent.

Al32.] Make three measurements of each force. The
forces shall be measured as they are applicd during (esting:
however, longer dwell times are allowed when necessary (0
enable the measuring device to obtain accurate measurements.

Al.32.2 Bach test force F shall meet the requirements
specified in Table A 1.2,

Copyight ASTM Internatonal
Provied by IHS undr icense with ASTK
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TABLE A1.2 Accuracy of Applied Forces
Applied Force, gf

Accuracy, %

F<200 15
F =200 10
AL3.3 Verification of the Ind 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 comparison with an
accurate scale such as a stage micrometer. The accuracy of the
certified line interval of the stage micrometer shall be 0.1 ym
or 0.05% of any interval. whichever is greater. Throughout the
range covered, the difference between the reading of the device
and of the stage shall not exceed 0.4 pm or 0.5%, whichever is
greater.

AlL34 Verification of the Testing Cycle—The testing ma-
chine shall be verified o be capable of meeting the testing
cycle tolerances specificd in 7.7, Direct verification of the
testing cycle is to be verified by the testing machine manufac-
gL at the time of manufacture, or when the testing machine
Sadidrped o the manufacturer for repair, or when a problem
b?\'ﬂnk'lumm cycle is suspected. Verification of the (esting
ds eéammended but not required as part of the direct
erlfidaioneat other times.

1 Tnstruments that have timing controlled by sofl-
other nonadjustable components do not have o be

ware

2teritted providing thar the design has been proven to produce
whscorrect testing cycle.

chine :hgmol be used until mgﬂtmuﬂcd or repaired. Tr the test
forces, igdenggtion measuridg §¥§&m or testing cycle may have
been, yff$&2A by an adjustngrtidr: repair. the affected compo-
nents ':5.511 ’hg'vcriﬁcd additihyd 3 dircet verification.

X & ing a s direct
verification, an indirect verftitation according 1o Al.4 shall be
performed.

Al.4 Indirect Verification

Al4.1 An indircct verification of the testing machine shall
be performed in accordance with the schedule given in Table
Al L Indirect verifications may be required more frequently
than stated in Table Al.1 and should be based on the usage of
the (esting machine,

Al.4.2 The testing machine shall be verified for each test
force and for cach indenter that will be used prior to the next
indircet verification. Hardness tests made using test force and
indenter combinations thar have not been verified within the
schedule given in Table Al.l do not meet this standacd.

Al4.3 Standardized test blocks used for the indirect veri-
fication shall meer the requirements of Annex A4.

Notr Al4—TL is recognized that appropriate standardized test blocks
are no available Tor all geomelric shapes, malerials. or hardness ranges.

AlA4 The indenter(s) to be used for the indirect verifica-
tion shall meet the requirements of Annex A3,
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Al45 As-found Condition—It is recommended that the
as-found condition of the testing machine be assessed as part of
an indirect verification. This is important for documenting the
historical performance of the machine. This procedure should
be conducted by the verification agency prior (0 any cleaning,
maintenance, adjustments, or repairs.

Al.45.1 The as-found condition of the testing machine
shall be determined with the user’s indenter that is normally
used with the testing machine. One or more standardized test
blocks in the range of normal testing should be used for each
Vickers or Knoop hardness scale that will undergo indirect
verification.

Al1.452 On each standardized test block, make at least
three measurements distributed uniformly over lha t'eu surtace.
Let d), d». ... d, be the indentation dngom
values, and d be th average of the mca:umm

Nom A1.5—When testing al low lorces it may
the number of tests in order (o oblain more con
Al.4.5.3 Determine the repeatability REhifithe error £ inthe

performance of the testing machine for ch@tt standardized est

block that is mcﬂsumd using Fq 2 and Fd 3. Thc |cpc'ult$|1uv
pot

applicable Table Al ? or Table Al4. .-
AlL4.54 Tithe caleulated valuasal -L'hcne;gomzb

error I fall outside the specifi

andication
verification

routine maintenance pf 3¢ J¢sring machipswhen required in
’s specifipggens and insigic-

accordance with the me
tions.

Al.4.7 Indirect Verification *Procedu
cation procedure is designed (o verifly th
Knoop hardnes
accurately applicd, cach indenter is corre
device is calibrated correctly for the rangd ©F §8d
thar these test force and indenter combinarions p
accomplished by making hardness meusuren'iqn'ls on test
blocks that have been calibrated using the same Vickers and
Knoop hardness scales.

The actiregf $881-
fpr all Vigges and

scales 10 be used, eacl] 3%9 fordd 3§ Meing
2 384 18¢ bihuring

TABLE A1.4 Repeatability and Error of Testing Machines—Test

Forces > 1
R £
Hardness Range Force, Maximum Maximum

kgt Fepeatability Error

Test Blocks o o
(%) 3}
=100 10 < 240 > 4 2
> 240 to = 600 >1 3 2
> 600 =1 2 2

“1n all cases, the repeatabilly is SAISIECONY if (Gnax—0lmir) i5 €QUal to 1 im o less.
& 1n all cases, the error is satisfactory if £ from Eq 8 is equal 10 0.5 m or less.

Al47.1 The testing machine shall be verified with the
user’s indenter(s) normally used for testing.

4.7.2 A minimum of (wo standardized (est blocks shall
be used for the verification of the testing machine. The test
blocks shall be chosen such that the following criteria are met:

(1) Al least onc hardncess (est block shall be used for uuh
Vickers and Knoop hardness scale to be verified. :

(2) At least two of the blocks shall be from ditterent
ardness ranges, low, mid or high hardness as specified in
5. The hardness diffierence between two blocks from
mecs shall be a minimum of 100 points. For
exmgpl;: 1ly one Vickers and Knoop hardness scale is to bg
verj#ied & J'ﬂd one block having a hardness of 220 is used t6
y@IR T low range. then a block having a minimum hardness
L0€320hall be used to verify the mid hardness range or high
didihess range. See more examples below of the test blocks
écded when performing multi-scale verifications.

(3) The highest test foree shall be verified on a block from
the lower ofthe chosen hurdﬂgwrgmges to produce the largest
i T " ¥ force shall be used on the
block frgrp ghe higher of thetehpsgn hardness ranges (o produce
the srggifgs) indentation giygs The two extremes of indentation
size willy vertty, the capabMirg Jffsthe measuring device.

Excfiple 128 testing macliibe Js to be veritied for the HV
0.5 and HK | scales. Twb' iesi “Blocks are chosen for the
verification: 450 HV 0.5 (mid-range) and 200 HK 1 (low-
range). In this case, the highest test force (1000 gt) is used on
a low-range hardness block, and the lowest test force (500 gt)
is used on a mid-range test block. which is the higher of the
two hardness ranges.

TABLE A1.3 Repeatability and Error of Testing Machines—Test Forces = 1 kgf*

Hardness Range of R E
Standardized Test Blocks Force. Maximum Maximurn

of Fepeatability Error

Knoop Vickers () )°
HK >0 HY >0 1= F<100 13 3
HK < 100 HY < 100 100 1000 13 3
100 = HK = 250 100 = HY = 240 100 = F < 500 13 2
240 < HV = 600 5 2
HV > 600 4 2
500 = 8 2
4 2
3 2

“41n all cases, the repeatabllity is SAHSTACIONY if {dlev—i) IS eQUAl to 1 um or less.

Z1n all cases. the error s satistactory if £ from Eq 3 is equal to 0.5 um or less

Copyight ASTM Internatonal
Provied by IHS undr icense with ASTK
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TABLE A1.5 Hardness Ranges Used for Indirect Verification

Range Knoop Vickers
Low < 250 <240
Mid 250 to 650 240 10 600
High > 650 > 600

Example 2—A testing machine is o be verified for the HK
0.1, HV 0.3 and HV 1 scales. Three test blocks are chosen for
the verification: 720 HK 0.1 (high-range). 480 HV 0.3 (mid-
range) and 180 HV 1 (low-range). Tn this casc, the highest test
force (1000 gf) is used on a low-range hardness block, and the
lowest test force (100 gf) is used on the high-range test block.
A mid-range block was chosen for the 300 gf test force
although a block from any of the three hardngss ranges would
have complied with the requirements.

Example 3—A testing machine is o be .\Aﬂw&l.tnr the HV
0.5 and HV | scales. Two test blocks 486 chbéén for (he

verification: 150 HV 1 (low- mnm) and -fﬁi)”_ (mid-
range). In thi e, the highest test 61000'2 ased on

st test forags § 00 gf)
is the hmhu of th

a low-range hardness block, and the
is used on a mid-range (est block
two hardness ranges.
Example 4—A testing
HV 3 and HV 5 scales. Three test®blogks 304 804436 (i
verification: 180 HV 5 (low-range), 480 Va3 lu!\ﬂ?éﬁ‘lgd ’wd
720 HY 1 (high-range). la RikeCuses Sics Righ
ket) is used on a low-rasy ehl
foree (I kgl) is uxd
block was chosen I'o
any of the three Je
requirements.
Al1.4.7.3 On*¢phegidgdardized $3¢ bEK. make fjve mea-
surements distribitéd 10!1&73Wy ovtt 1u&, lest surfagd. Let dy,
. ds be rhe me ﬂllléﬁﬁdll\ Jﬁ&hurﬂﬁéﬁl mlues

u:ing Eq 2 and Eq 3 for cach hardnt
and Knoop hardness scale (o be verificdt fRiye repeatability R
and the error £ shall be within the tolerance®’of the applicable
Table AL.3 or Table Al.4.

Example: R bility R Calcr ¢ that five
Knoop indentations were made on a test block with a nominal
hardness of 420 HK at the certified block test force of 300 gf
and that the five diagonal measurements are 103.9. 104.8,
102.3. 102.8 and 100.2 um. Theretore, d,,—dpin = 104.8 -
1002=4.6ymand R=

min
100(4.6)/102.8 = 447 %. According (o
Table Al.3, the repeatability for a test block with a hardness
>250 to 650 HK shall be <5 %. In this example, the testing
machine met the repeatability requirement for this hardness test
block and force. However, if these diagonals had been obtained
using a test block with a nominal hardness of 700 HK and a
certificd test foree of 300 gf. then the repeatability would be
inadequate as Table A1.3 requires R <4 % for a hardness >650
HK.

Example: Ervor E Calculation—The following example of
an error calculation is based on the measurement data given in

Copyight AST Internatonal
Provied by IHS undr icense with ASTM

the repeatability example above. and a certificd mean diagonal
length for the test block., d, of 100.8 pm (420 HK 0.3). Since
d=102.8 um. (d—d,.) = 102.8 - 100.8 = 2.0 ym. Thus, £= 1.98
% Tn this casc. the percent error meets the maximum of = 2 %,
which is greater than 0.5 um. For this example. d—d,,, must be
> 2.016 pm for the error 1o be above the limit of 2 %.

Al14.74 Tf the measurements of repeatability R or error
using the user’s indenter fall outside of the specificd tolerances.
the indirect verification measurements may be repeated using a
different indenter.

A14.7.5 The indircet verification shall be approved only
when the testing machine measurements of repeatability and
error meet the specified tolerances with the user’s indenter.

Al4.8 Tncases where it is necessary to replace the indenter
during the period between indirect verifications. the new
indenter shall be verified for use with the specific testing
machine. The user may perform the verification by following
the as-found procedures given in A1.4.5. T the repeatability R
and crror I values fall within the tolerances in the applicable
Table AL3 or Table Al.4, the indenter can be used.

Al14.9 When the combination of block hardness and test
orce produces indentations with diagonals less than 20 um in
Gngth, indircet verification usuw standardized (est blocks is

toth. This can lead to substantial deviations in hardness from
1je stated value. 1f possible, a block hardness should be used
Mar produces indentations with diagonals at least 20 um in
ength. Additional guidance when (esting in the microindenta-
tion force range (forces < 1 kgl may be found in Test Method
E384.

AL Beriodic VerifigaGo
5.4 The penndm wackication is intended as a wol for the
m menitor mf:ﬁnnﬂncc of the testing machine
indi 1f3gegipns. At a minimum, the periodic
dmm $hall be pedp&ped in accordance with the schedule
given in Table A1.1 férfach Vickers and Knoop hardness scale
that will be used.

ALS.2 Periodic Verification Procedires—The procedures
to use when performing a periodic verification are as follows:

Al.5.2.1 Periodic verification shall be done for cach Vickers
and Knoop hardness scale that will be used. At least onc
standardized test block that meets the requirements of Annex
A4 shall be used for each Vickers and Knoop hardnes e to
be verified. When (est blocks are commercially available, the
hardness level of the test blocks shall be chosen at approxi-
mately the same hardness value as the material to be measured.

Al.5.2.2 The indenter to be used for the periodic verifica-
tion shall be the indenter that is normally used for testing.

A1.5.2.3 Before performing the periodic 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.

Al1.524 Muke ar least two hardness tests on each of the
periodic verification test blocks adhering to the spacing re-
quirements given in 7.11.1. Hardness measurcments shall be
made only on the calibraicd surface of the test block.
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A1525 Let d be the average of the diagonal measurc-
ments. Determine the error £ in the performance of the testing
machine using Eq 3 for each standardized test block that is
measured.

A1.5.2.6 Tr the crror F caleulated for cach test block is
within the tolerances given in the applicable Table AL.3 or
Table Al4. he testing maching with the indenter may be
regarded as performing satisfactorily.

Al1.5.27 Alternately to calculating the error £, it is accept-
able to calculate the error range for the reference block in
diagonal length units or hardness units. The testing machine
with the indenter may be regarded as performing satisfactorily
if the average measured diagonal length d or calcula{ed average
hardness value is within the error range.

FExample—The test block has a certified m,qd«k :Jngonﬂ
length of 35.2 pm and a certified value of 730 HR; DS SRidm
Table Al.4, the maximum error £ is 2% of 332381 b 1¥hlige
of 34.5 pm to 35.9 pm. This is equivalent t '719 Hv O id79
HV 0.5. The periodic verification is a @ble whcnth
measured average diagonal length or cq fent HY valud is
within these ranges.

Al1.5.2.8 Trthe error E caleulawed for qny of the, (g 'Igwi).t
is outside the tolerances, follow the manyfag@agres 1ediq

shooting recommendations and repegrthe tes3215 3¢ a\:vﬁaée [ 44

the hardness measurements agaqif) 3¢ oudEhlad i S8 tor
any of the test blocks. an ji§di tr:d'willwxbh SHAC be per-
formed.

Al.5.2.9 Whenever
verification, the hardnes

Process Control technique
ment averages) and R-charls (measurement rang@sy). and

Al6 Verification Report

AL6.L A verification report is requllls 88 idifett and
indireet verifications. A verification report 303d38gdited for a

periodic verification: however, it is recommended that records
be kept of the periodic verification results, including the
verification date. measurement results, certificd value of the
test block, test block identification, and the name of the person
thar performed the verification, etc. (see also Note AL.6). These
records can be used to evaluate the performance of the
hardness machine over time.

Al.6.2 The verification report shall be produced by the
person performing the verification and include the following
information when available as a result of the verification
performed.

Al.6.2.1 Reference 1o this ASTM test method. Historical
reports for verifications that reference Test Method E384 that
occurred prior o the relcase of this edition of Test Methods
E92 and continue to be within the verification schedule given
in Table Al.l are considered to meet this requirement.

Al.62.2 Method of verification (direct or indirect).
A1.6.2.3 Tdentification of the hardness testing machine and
ibllenters used.
£ 3 ion (test blocks, elastic proving
dL\:|Cg§ N«,)‘ with statements defining traceability to a national
“standd il
"5 The Vickers and Knoop hardness scale(s) verified.
AII)‘Z 6 The individual or calculated results used to deter-

-nas ‘whether the testing machine meets the requirements of
* e verification performed. Measurements made (o determing

the as-found condition of the testing machine shall be included
Whene\,e;.lhéx are made.

AlG. 2 ’/ Deseription of zd']uilmulli or mainenance done (o
the remqv m chine.

nd reference (o the verifying

Al 6 2.9 § gndmre of* *fie " person the

verification,

performing

A2, VICKERS AND KNOOP HARDNESS STANDARDIZING MACHINES

A2.1 Scope

A2.1.1 This Anncx specifies the requirements for the
capabilities, usage. and periodic verification of Vickers and
Knoop hardness standardizing machines. The hardness stan-
dardizing machine differs from a hardness testing machine by
having tighter (olerances on certain performance attributes
such as force application and indenter geometry. A standard-
izing machine is used for the standardization of test blocks as
deseribed in Annex A4,

A2.1.2 Adherence 1o this standard and annex provide trace-
ability (o national standards. cxcept as stated otherwise.

Copyriht ASTH Intemational
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A2.2 Accreditation

A2.2.1 The agency conducting direct and/or indirect verifi-
cations of hardness standardizing machines shall be accredited
(o the requirements of SO 17025 (or an equivalem) by an
accrediting body recognized by the Tnternational Laboratory
Accreditation Cooperation (ILAC) as operating to the require-
ments of ISO/EC 17011, An agency accredited to perform
verifications of hardness standardizing machines may perform
the verifications of its own standardizing machines. The
standardizing laboratory shall have a certificate/scope of ac-
creditation stating the types ol verifications (direct and/or
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indircet) and the Vickers and Knoop hardness scales that are
covered by the accredirtation.

A2.22 Alaboratory that was accredited in accordance with
A2.2.1 1o conduct dircet and/or indireet verifications of Vickers
or Knoop hardness standardizing machines prior (o the relcase
of this edition of Test Methods E92 having a valid and cutrent
certificate/scope of accreditation that references Test Method
E384 satisfics the acereditation requircments of this edition.

A2.3 Apparatus
A23.] The standardizing machine shall ¢@mply with Annex

Al with the following additional reqm(emggb M
A2.3.2 Direct Verification—Direct V;::lmagqq kbql.,l be per-
formed every 12 months according IQ?\ }" M

A23.3 Indirect Verxfmlwnflnmlb: cnﬁu ¢t shall be
performed according © Al.4, follofd3d the direct Vetlfication.

A2.33.1 Indirect verifications Shobld be pertormed |
test blocks traceable to national
available.

Nor A2, I—Primary smn(lm(hzg(ltgsl bgoqq 1 le; S s

Reference Material from NI
A234 Periodic de
performed accordings
Tequirements.
A234.1 Periggl
atter each lot of Iggtocks is When standardiza-

rogerformed befarcand

A2.4.1.2 Tdentification of the hardness standardizing
machine, including the serial number, manufacturer and model
number.

A2.4.1.3 Tdentification of all devices (clastic proving
devices. ele.) used for the verification, including serial numbers
and identification of standards to which traceability is made.

A24.1.4 Test emperature at the time of verification re-
ported to a resolution of at least 1°C.

A24.1.5 The individual measurement values and calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed. Tt is
recommended that the uncertainty in the calculated results used
to determine whether rhe standardizing machine meets the
requirements of the verification performed also be reported.

A24.1.6 Description of adjustments or maintenance done (o
the standardizing machine, when applicable.

A24.1.7 Date of verification and reterence to the veritying
ency or department.
A24.1.8 Signature of the person performing the verifica-

Ai.;l.lD Accreditation certification number.

342 Indirect Verification:

*A24.2.1 Reference to this ASTM test method.

A24.2.2 ldentification of the standardizing machine, in-
cluding the serial number, manufacturer and model number.
A24.2.3 ldentification of all devices {test blocks, indenters,
elc) used for the verification, including serial numbers and

tions of a single? Bt 20 &5t blocks Ity multiple Jdays. the
periodic vcriﬁumio\s:pummame shafl Hsderformed &t the end
of the work day and at Y3 $thft of the i(’)ﬂdwmu 4l Quring the
period that the lot is standardized.
A234.2 Periodic verificari
the indenter, anvil, or test force i xs
A2.34.3 At least two test hh\t‘i@ slnutjﬁ used in the
appropriate hardness ranges that br: ﬂckbtmufudms level 1o
be standardized.

oEmed whenever

A2.3.5 Indenters—Class A Vickers and Knoop indenters as
specified in Annex A3 shall be used.

A236 Testing Cvele—The test force application time shall
be between 5 and 7 seconds. The test force dwell time shall be
between 13 and 15 scconds.

A2.3;7 The indentation measuring system shall be verified
according to Al.3.3. The ditference berween the reading device
and the:stage micrometer shall not exceed 0.2 um or 0.25 %,
whicheyer is greater.

A2.4 Verification Report
A24.1 Direct Verification:
A24.1.1 Reference to this ASTM test merhod.
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ation of sta A which traceability is made.

Ai304 Test lcvr:;x alusu at the (ime of verification rc-
Ed #0  resolution «f

“least 1°C.

sults USQQ o dcwn_m ;_\;mmcr the :lqndmdwuw machmc
meets the requiremert$ 0f tHe’ verification performed. Measure-
ments made to determine the as-found condition of the
standardizing machine shall be included whenever they arc
made. Ttis recommended that the uncertainty in the caleulated
results used to determine whether the standardizing machine
meets the requirements of the verification performed also be
reported.

A24.2.7 Description of maintenance done to the standard-
g machine, when applicable.

A24.2.8 Datc of verification and reference to the verifying
agency or department.

A24.2.9 Signatre of the person performing the verifica-
tion.

A24.2.10 Accreditation certification number.

A24.3 Periodic Verification:

A24.3.1 No periodic verification report is required:
however, it is required that records be kept of the periodic
verification results.
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A3,

A3.1 Scope

A3.1.1 This Annex specifies the requirements and proce-
dures (0 manufacture and standardize the Vickers and Knoop
diamond indenters.

A3.1.2 The Anncx covers two levels of diamond indenters,
designated by this standard as Class B and Class A indenters.
Class B indenters are intended for everyday use with hardness
testing machines, Class A indenters are intended for the
slandardization of (st blocks in accordance with Annex A4,

A3.1.3 Adherence to this standard and gmnex provides
traceability to national standards, except as, iy, otherwise.

A3.1.4 Tndenters that were standardizgglsgr
E384 by a laboratory accredited in acidqeds pign A3.2.1
prior w the release of this edition of Tgg Methots ¥92snay be
used to satisty the requirements of Yi§ liftion pfgyided that
they meet all of the requirements of T Method E384209 or a
later revision.

A3.2 Accreditation

A3.2.1 The agency c¢
denters shall be accredited tpah$ reqiBeheomedt JQ 117025
(or an cquivalent) by an pd¢SHiing b0 J$E4PM2Ed by the
Tniernational Laboratory Addditdidt Chdperation (TLAC) as
operating © the requuﬂnﬁh} A
izing laboratory \ha
the class and I\PB
accreditation. Onl

: d (ypes wi‘lhin the

A?. l to standardize mdemen prlp; w. rhe’;e‘lg{\y' of this
cdition of Test Methods E92 havhie 18 »atigls 20d current
certificate/scope of accreditation that 34313 sTest Method
B384 is considered to satisty the Jctfemﬁlbbhi"éqm[emem\ of
this cdition.

A3.3 General Requirements

A3.3.1 Vickers Indenter—The ideal Vickers indenter is a
highly polished, pointed. squarc-based pyramidal diamond

with face angles of 136° 0",

A3.3.2 Knoop Indenter—The ideal Knoop indenter is a
highly polished, pointed, rhombic-based, pyramidal diamond.
The included longitudinal edge angles are 172° 30" and 1307 0",

A3.3.3 The four faces of the Vickers or Knoop indenter
shall be equally inclined to the axis of the indenter and shall
mect at a sharp point.

A334 All instruments used to make measurements re-
quired by this Anncx shall be calibrated traceable to national
standards where a system of traceability exists, except as noted
otherwise.

A33.5 Verification of Indenters—The geometry of all
classes of Vickers and Knoop diamond indenters shall be

Copyight ASTM Internatonal
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. STANDARDIZATION OF VICKERS AND KNOOP INDENTERS

directly verified before placing into service. The instruments
used to verify the geometrical fearres of the indenter shall
have a maximum expanded uncertainty (k=2) as specified in
Table A3.1.

A3.4 Class B Vickers Indenter

A34.1 The Class B Vickers diamond indenter, sce Fig.
A3.1. used for standard testing and indirect verifications shall
have face angles of 1367 O° = 30°. The four faces of the
diamond shall be equally inclined to the axis of the indenter to
within + 30",

A3.4.2 As an alternare. 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"
=+ 45" and equally inclined to the axis of the indenter within

0

A34.3 The face junction offset. see Fig. A3.1. shall not
ceed 1 um when testing with test forces of 1 kgf and greater.

'hen tesling with forces less than 1 kgf, the offset shall not
$¢3d 9.5 um.

4 As an alternate. it is permissible to verify the face
¢igqion offsct by using a microscope with at least 500x
194enification to view an indentation created by the indenter
shd compare the offset length to a known dimension.

A3.5 Class A Vickers Indenter

A3.5.1 The Class A Vickers diamond indenter used for the
#all have face angles of 136° 0/
cquﬂ ly inclined to the axis of the

¢ 136° face angles may be verificd
ygen the opposite edges rather thag
the tdLEN When measuréd, the edge angles shall be 148° 6' 36"
+ 9, and equally inclined to the axis of the indenter within
+30.

A3.5.3 The face junction offsct shall not exceed 0.3 pm.

A3.6 Class B Knoop Indenter

A3.6.1 The Class B Knoop diamond indenter, see Fig. A3.2,
uscd for standard testing and indircct verifications shall have an
included longitudinal cdge angle A of 172° 30" = 6", and a
corresponding edge angle B of 130° = 1°. The two angle A
edges of the diamond shall be equally inclined to the axis of the

TABLE A3.1 Maxi [ of
Verifying the Geomelncal Fealures of Knoop and Vickers

for

Maximum Expanded

Geometrical Feature Uncertzinty (ke2)

Indenter Class

Angles Aand B 007
Junction offset B 05 um
Junetion offset A 0.3 ym
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135°,

1y pele B edges of the
ned tosthe sixds of the ipglenter o

indenter to withig
diamond shall be gy
within + 30",

A3.6.2 The indenter

* 1 %

within

A3.6.3 The face junction offsct stk é}gc than 1 ym
in length for indentations greater thiups 13 agrpsin length, as
shown in Fig. A3.2. For shorter indenthtidg$ fife offset should
be proportionally less. (See A3.4.4.) Tt

A3.7 Class A Knoop Indenter

A3.7.1 The Class A Knoop diamond indenter used for the
standardization of test blocks shall meet the requirements of a
Class B Knoop indenter as given in A3.6. and have an indenter
constant of 0.07028 + 0.5 %. The oftser shall not exceed 0.5
pm.

A3.8:Marking
A3.8.1 All indenters shall be serialized. When it is not

practical to mark the serial number on the indenter due to size
limitations, the serial number shall be marked on the container,

16
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OFFSET
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E OFFSET

1 ym mox

FSET

Vs

op Indenter

A39, Gertificate

239, Each cl: pfoclass B indenter shall have a
Lcaliition certificate. wdlif the following information (scc
ABrdy 3
-2 /&3.9.1‘.1 Beterence, 5 %is ASTM test method.

A3.9.1.2 Serial numbér of the indenter.

A3.9.1.3 Dalc of standardization.

A3.9.14 Type (Vickers or Knoop) and ¢l
(class A or class B).

A3.9.1.5 The results of all geometric verifications.

A3.9.1.6 For Class B Vickers indenter: lowest test force thar
can be used (1 gf or | kgfl, dependent on junction offset valuc).

A3.9.1.7 For Class B Knoop indenter: smallest indentation
allowed to be made (dependent on junction offset valuc).

A3.9.1.8 Astatement declaring that the indenter meers all of
the geometric requirements for the type and class of indenter.

s of the indenter

A3.9.1.9 Accreditation agency certification number.
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A4. STANDARDIZATION OF VICKERS AND KNOOP HARDNESS TEST BLOCKS

A4.1 Scope

A4.1.1 This Annex specifies the requirements and proce-
dures for the standardization of Vickers and Knoop hardness
test blocks that are (raccable to specific hardness standards.
These standardized test blocks are to be used for the verifica-
tion of the performance of Vickers and Knoop testing machines
by way of periodic verifications and indirect verifications as
deseribed in Annex Al

A4.1.2 Test blocks that were standardized by a laboratory
accredited in accordance with A4.2.1 to Test Jyﬁhods E92 or
Test Method E384 prior to the release of thixg@difipp of Test
Mecthods E92 may be used to satisly the rediffd i of this
cdition provided that they meet all of the, |ﬂ;uﬁ'§NM\dl‘Tul
Methods E92 (2003) or Test Method
sions.

Ad.2 Accreditation

A4.2.1 The agency conducting the :<;';"dﬂl‘di ayQus pl tes
blocks shall be accredited (o the requirgrpgy $ITEC

¢
17025 (or an equivalent) by an accreditipg PPUF EbeNeI vy,

the lnlermlmml Ldbnrd[t

Adgrcdkhﬁbh' s

accordance with
releasgg ol this
lid ad squerent
certificate/scope of accreditation that fgferentes gg Method
E384 arc considered (o satisfy the ac@dfisation 3¢Quitments
of this edition.

A4.3 Test Block Manufacture

A4.3.1 The test block thickness shall he greater than twenty
times the depth of the indentation made with the certified test
force.

A4.3.2 The test block material and manufacturing procy
shall be chosen to produce the required degree of homogencity,
structural stability and uniformity of hardness at the prepared
surfuce.

A4.3.3 Ferromagnetic test blocks shall be demagnetized by
the manufacturer and shall be maintained in that condition by
the user.

A4.3.4 The test block support surface shall have a finely
ground surface finish, The maximum deviation from fainess of
the test and support surfaces shall not exceed 5 um. The
maximum error in parallelism shall not exceed 15 um in 30
min.

A4.3.5 The test block test surface shall be polished accord-
ing to the procedures in Methods E3 to yield the tue
microstructure, free trom scratches that would interfere with
production of the indentation or measurement of the indenta-
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tion diagonal(s). The mean. centerline average, surface rough-
ness height measurement of the test surface shall not exceed
0.1 pm (4 pin.).

A4.3.6 Repolishing of the test block will invalidate the
standardization and is not recommended. Cleaning of the
polished test block surface is often required in normal usage
but must not alter the hardness or quality of the polished test
surface.

A4.4 Standardizing Tester Requirements

A4.4.] The standardization of the hardness test blocks shall
be performed with a Knoop or Vickers hardness standardizing
machine that meets all of the requirements of Annex A2,

2 Indenters—Class A Vickers and Knoop indenters as
specified in Annex A3 shall be used.

28443 Testing Cvele—The (est force application time shall
& biween 5 and 7 scconds. The (est force dwell time shall be
&0, I3 and 15 seconds.

ost Black Standardization Procedure

sA8e5.] Make a minimum of five hardness measurements
Serpnged as follows on the surface of the test block- one
ifdentation near the center of cach of the four quadrants of the
block and the fifth near the center of the test block. When more
than five indents are done, they shall be arranged around the
e in a similar manner.

A-lS" JAdjust the il
pro uu-mul‘orm intensity,
conwas etween the ideh

TMeggure the | febaih of the Knoop longitudinal
dmmml or the av erage l'em-'th S the Vickers diagonals of each
indentation. Record the data by location and by block.

n for the measuring system to
.the ficld of view and optimum
nd the block surface.

A4.6 Repeatability of the Standardized Test Block

A4.6.1 Let dy. doe.... ds be the five indentation diagonal
measurement values, and d be the average of the five measure-
‘ments calculared using Eq 1. Determine the repeatability R of
the calibration measurements using Bq 2. The repeatability R is
an indication of the hardness homogencity of the test block,
although R is influenced by all of the variables that affeet the
repeatability of test results. The repeatability R shall be within
the tolerances of the applicable Table Ad.l or Table A4.2,
which list the required maximum R values for (est blocks by
indenter type. test force range and hardness range. The mea-
sured R value shall be less than these limits for ir to be
considered sufficiently uniform enough in hardness to tunction
as a standardized test block.

A4.7 Marking

A4.7.1 Each block shall be permanently marked with the
name or identitying mark of the standardizing agency, an
appropriate identitying serial number and a mark on the test
surface that will be obliterated if the surface is repolished.



TABLE Ad.1

iy o216

Test Blocks Calibrated in the Microindentation Force

of Diagonal

for
Ranges (= 1 kgf)"

Hardness Range of Standardized Test Blocks Force, R %,
Knaop Vickers of Less Than
HK > 0 HY >0 1=F <100 12
HK < 100 HY <100 100 < F = 1000 12
100 = HK = 250 100 = HV = 240 100 = F < 500 12
250 < HK = 650 240 < HY = 600 4
HK > 850 HV > 800 3
100 = HK = 250 100 = HY = 240 500 = F 7
250 < HK = 650 240 < HY = 600 3
HK > 650 HY > 600 2

“1n all cases. the repeatability imit is the greater of the paraentage given or 0.001 mm (1 Lrm)

TABLE A4.2 il of Di
Standardized Test Blocks Calibrated in e Macromd’en!auon
Force Ranges (> 1,RTS
Hardness Range of Standardized
fest Blocks

100 to 240 inclusive
Over 240 to 600 inclusive
Over 800

mm (1 pm).

| be permanently
placed on Lhc surl faco ing; ghe (est

surl ace.

A4.7.3 Bach of the cdhbmmm mehuremkms \’(ﬁdl.lie iden-
tiied so thar they can be located by .': 4

A5, CORRECTION FACTORS FOR VICKERS HARDNESS TESTS MADE ON SPHERICAL AND CYLINDRICAL SURFAC

A5.1 Tables A5.1-A5.3 provide correction factors that shall
be applicd (o Vickers hardness values oblained when tests are
made on spherical or cylindrical surfaces. The correction
factors are tabulated in terms of the ratio of the mean diagonal
d of the indentation to the diameter £ of the sphere or cylinder.
Examples of the use of these tables are given in Example A5.1
and A5.2.

Example AS.1
Convex Sphere
Diameter of sphere, 0= 10 mm, Force, F = 10 kgf
Mean diaganal of impressin, o = 0.150 mm
D = 0.150110 = 0.015
From Eq 7 and Table 2, HY = 824
From Table AS.1, by interpolation, correction factor = 0,983
Hardness of sphere = 824 x 0.983 = 810 HV 10
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A48 Certil of Standardized Test Block

A4.8.1 At a minimum the certificate accompanying cach
standardized hardness test block shall include the following
pformation. (See A4.1.2)
8.1.1' The mean diagonal length and location of cach of
f:qst;ludﬂldvnm indentations.
$0tANIRL.2 The average value of all the indentation mean
ﬁi&bhﬁl lengths, and lhe corresponding hardness value.
test force.
serial numbcr of the test block.
name of the manutfacturer and standardizing

organization.
A4.8.1.6 The
iyin«v indents.
7 The date of s B Luldfltdlld[mn
A5 8 1.8 Reference 1q jhi§ ASTM test method.
L LARR19 Value of thedijcrtainty in the standardized valuc
Witk 48 explanation i™Hai dhe uncertainty was calculated.
_+31.8.130s Accredira sency certification number.

magnification used to measure the standard-

Example A5.2
Concave Cylinder, One Diagonal Parallel to Axis

Diameter of cylinder. D = 5 mm. Force, F = 30 kgf

Mean diagonal of impression. d = 0.415 mm

&'D = 0.415/5 = 0.083

From Eq 7 and Table 2, HV = 323

From Table A5.3, correction factor = 1.075

Hardness of cylinder = 328 x 1.075 = 347 HV 80

Nor AS.I—A methad for correcting Vickers hardness readings laken
on spherical or cylindrical surfaces can be found in the Tnlermational
Organization for Slandardization (TSO) Vickers Tlardness Standard (TS
6507-1).
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TABLE A5.1 Correction Factors for Use in Vickers Hardness TABLE A5.2 Correction Factors for Use in Vickers Hardness
Tests Made on Spherical Surfaces Tests Made on Cylindrical Surfaces (Diagonals at 45° to the axis)
Convex Surface Concave Surface Convex Surlace Concave Surlace
a0t Correction Factor a0t Correction Factor 4t Correction Factor Dt Correction Factor
0.004 0.995 0.004 1.005 0.009 0.995 0.009 1.005
0.009 0.990 0.008 1010 0.017 0.990 0017 1010
0.013 0.985 0.012 1015 0.026 0.985 0.025 1015
0.018 0.980 0016 1.020 0.035 0.080 0.034 1.020
0.023 0.975 0.020 1025 0.044 0975 0.042 1.025
0.028 0.970 0.024 1.030 0.053 0970 0.050 1.030
0.033 0.065 0.058 1.035
0.038 0.960 0.066 1.040
0.043 0.955 0074 1.045
0.049 0.950 0.082 1.050
0.055 0.945 0.089 1.055
0.061 0.040 0.007 1.060
0.067 0035 0.104 1,085
0.073 0.030 0.112 1.070
0.079 0.025 0119 1.075
0.088 0.920 0.127 1.080
0.093 0915 0.134 1.085
0.100 0910 0141 1.090
0.107 0.005 0.148 1.095
0114 0.000 0.155 1.100
0.122 0.895 0.162 1105
0.130 0.169 1.110
0.139 0176 1115
0.147 0.183 1420
0.156 0.189 1125
0.165 0.198 1130
0.175 0.203 1135
0.185 0.200 1.140
0.195 Tl 0216 1145
0.208 A . Tees 0222 1.150
AD=diameter of cylinder in millimetres: d = nfsf} YEAQHEd Ihdentation in 4D = diameter of eylinder in Wifiretr&: o= mean diagonal of impression in
millmetres. “ee sees millimetres
Gomyright ASTHI Intsmational 19
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TABLE A5.3 Correction Factors for Use in Vickers Hardness
ests Made on Cylindrical Surfaces
(One diagonal parallel to axis)

Convex Suriace

Concave Surface

@Dt

Correction Factor

Correction Factor

X1.1 Scope

X1.1.1 The intent of this appendi:
approach (o evaluating the uncertainty of V|gk;rs-and Knoop

hardness measurement values in order (o sm@gl‘; “and unify the
interpretation of uncertainty by users of VicRérs and Knoop
hardness.

X1.1.2 This appendix pmvides basic pmcedu[e\' for deter-
mining the uncertainty of the following values of hardness:

X1.1.2.1 The Hardness Machine Error Determined as Part
of an Indirect Verification (see X1.6)—As part of an indirect
verification, a number of hardness measurements are made on
a reference test block. According o Annex Al the error I is
calculated as a percent (%) crror based on diagonal lengths,
and not:hardness values (see Eq 3). Determining the uncer-
tainty of this value is difficult since, in addition tw the
resolutign of the indentation measuring system, the uncertainty
depends;on the force application, indenter gcometry and other
parameters, but it provides lirtle information to the customer. A
better indication of measurement uncertainty is the uncertainry
of the difference. or hardness error £y, between the average of

the ‘hd[dne\s apgusuremens ¥ l.ues and the certified hardne:

value of the reference* block: “The procedure described in
section X1.6 provides a method for determining the uncerrainty
in the hardness measurement crror Iy of the hardness machine.,
The uncertainty valuc may be reported on the verification
certificare and report, and is useful to users in determining their
OWN measurement uncertainty.

X1.1.2.2 Hardness Value Measured by a User (see
X1.7)—The procedure provides a method for determining the
uncertainty in the hardness values measured by a user during
the normal use of a hardness machine. The user may report the
uncertainty value with the measurement value.

X1.1.2.3 Certified Value of a Hardness Test Block (see
X/.8)—The procedure provides a method for determining the
uncertainty in the certified value of standardized test blocks.
The standardizing agency may report the uncertainty value on
the test block certificate.

Not X1.1—When calculated. uncertainty values reported by a fickd
calibration agency (sce X1.6) arc not the measurement uncertaintics of the
hardness machine in operation. but only that of the measurements made al

Copyriht ASTM Intemational
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the time of verificalion Lo delermine machine “crror.”

Norr X1.2—The procedures outlined in this appendix for the determi-
nation of uncertaintics are based primarily on measurements made as part
of the verificalion and standardizalion procedures of this est method. This
is done (o provide a method that is based on familiar procedures and
practies of Vickers and Knoop hardness users and standardizing agencies.
The reader should be aware that there are other methods that may be
employed to determine the same uncertainties. which may provide more
accurate estimations of the uncertainty values.

Notk X1.3—This standard sates tolerances or limits on the acceptable
repeatability and error of a Vickers or Knoop hardness machine (Table
A3 and Table A1.4) and the nonuniformity of standardized blocks (Table
A4l and Table A4.2). These limit valués were originally established
based o the testing experience of many users of the Vickers and Knoop
hardness tests, and therefore reflect the normal performance of a properly
functioning Viekers or Knoop hardness machine. including the normal
errors associated with the measurement. procedure and the machine’s
performan use the fimils arc based on lesting cxperience, it is

clicved that the stated limil values Lake inlo account a level of uncertainty
that is L)mul I'nr walid Vickers and Knoop hardness measurcments
wilh Table A L3Tuble A 1.4,
Table Ad and mm A2, the user's measurement uncergafig ahould not
be sublracted from the lolerance fimil valucs given i i i
commonly done Tor other Lypes of melrological Wgsaihe-a8e The
calulated values for re error or block nurpmmqm@ NN pe
dircetly compared Lo the loferance limits given insi mbks. ¢

Note X1.4—Most product specification tolssnces for Viekers end
Knoop hardness were established based on t33ib§ *and perfornidice
experience. The tolerance values reflect the ngr! performance of a
properly functioning Vickers and Knoop hardnesg machines, including the
normal aceeptable emors associated with thesRardness measteamant
process. For these products, the stated tolerance fimits, talse Bl
level of uncertainty that is typical for valid Vigkes

P PERpY

when
s 1) %3
Vickers or Knoop hm’dness the usen smeasmiﬁwnbumenmm whould

not be subtracted from the tolerang® Jdifi Ftiug{d §hiad P Siceitication.
The measured hardness mlugs- 5*M‘X“' g -qgem; pgmpmed to the
cos. Ther may be

re the hardness of
© A\:’ug!iu\d of confidenc
involved

subtracted from the loferanee
is recommended that the P ddigo @
anticipated influence of materiz) $4¢ GG MArpic
variation as woll as lypical industrystardness ungeriaimg valu
X1.1.3 This appendix does not addresé unccmm(msﬂhhu
primary reference standardizing level.

d
mLM on Lhn, ﬁrbduu

X1.2 Equations

X1.2.1 The average (AVG), A. of a scb-o
measurements Hy. H,, ... H, is calculated as:

hardness

o H+H,+ - o+H,
CH)=H= :

X1.2.2 The standard deviation (STDEV) of a set of n
hardness measurements H,. Hy, ..., H, is calculated as:

AVGH, . H, (X1

[}
I - )+
- !
An,,)f\e L =}
(X1.2)

where A is the average of the sct of # hardness measure-
ments /y, Hy. H, as defined in Eq X1.1,
X1.2.3 The absolute value (ABS) of a number is the mag-
nitude of the value irrespective of the sign. for example:
ABS(0.12) = 0.12

STDEV(H, . Tl

an
ABS(-0.12) = 0.12
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X1.3 General Requirements

X1.3.1 The approach for determining uncertainty presented
in this appendix considers only those uncertainties i
with the overall measurement performance of the Vickers or
Knoop hardness machine with respect (o reference standards.
These performance uncertainties reflect the combined effect of
the separate uncertainties associated with the numerous indi-
vidual components of the machine, such as the force applica-
tion system and indentation measuring system. Therefore, the
uncertainties iated with the individual components of the
machine are not included in the calculations. Because of this
approach. it is important that the individual machine compo-
nents arc operating within tolerances. Tt is strongly recom-
mended that this procedure be applied only after successfully
passing a dircct verification.

.2 The procedures given in this appendix arc appropri-
alc only when the Vickers or Knoop hardness machine has
passed an indirect verification in accordance with the proce-
dures and schedules of this test method standard.

X1.3.3 The procedurcs for calculating the uncertainty of
Vickers and Knoop hardness measurement values are similar
for both a standardizing machine and testing machine. The
pIf¢ipal difference is in the hierarchy level of the reference
&3¢ 28deks normally used for the indircet verification.

bty Mandardizing machines are verified using primary
fndard:

and testing machines are standardized

usimg weeendary reference standards.

X154 To estimate the overall uncertainty of Vickers and

k'm@? ‘hardness measurement values, contributing components

g-muermmly must be determined. Because many of the
wncertainties may vary depending on the specific hardness
scale and hardness level, an individual measurement uncer-
tainty shQylyl be determinede for cach hardness scale and
hardness;evel of interest. Ih*thap$ ‘cases. a single uncertainty
value m:fyi 3¢ Applied to a rahbP 1Y hardness levels based on the
laboid&Zs experience m)‘dmdwﬂdgc of the operation of the
ardncss. mﬂ%th

XI 5 Umermﬁly \hnuld bé'(b}te[mmed with respect 10 a
highest level of reference standard or the national
reference standard of another country. Tn some cascs, the
highest level of reference standard may be a commercial
reference standard.

X1.4 General Procedure

X1.4.1 This procedure calculates a combined standard un-
certainty #, by combining the contributing components of
UNCCrtainty #y. fo. ..., i, such that:

u = Vi ui+

X1.4.2 Measurement uncertainty is usually expressed as an
expanded uncertainty U which is calculated by multiplying the
combined standard uncertainty i, by a numerical coverage
factor k, such that:

ik (X1.3)

U=fXu, (XL4)

X1.43 A coverage factor is chosen thar depends on how
well the standard uncertainty was cstimated (number of



coverage tuactor provides a confidence level of approximately
95 %.

X1.4.4 The measurement bias 8 of the hardness machine is
the difference between the expected hardness measurement
values as displayed by the hardness machine and the “true”
hardness of 4 material. Ideally, measurement biases should be
corrected. When test systems are not corrected for measure-
ment bias, as often oceurs in Vickers and Knoop hardness
testing, the bias then contributes to the overall uncertainty in a
measurement. There are a number of possible methods for
incorporaling biases into an uncertainty calculation, cach ol
which has both advantages and disadvantages. A simple and
conservative method is to combine the bia yn il'_he alculation
of the expanded uncertainty as:

= ku,+ABS(B) *

M'ne uselld Evaluate
» 4 bricl deschplion of

X1.4.5 Because several approacheés
and ¢xpress measurement uncerta;
what the reported uncertainty v

X1.5
X1.5.1 This section d

Sources of Uncertainty

ﬂixes |cp|csun should shé 3

.5.3.1 The contribution that a hardness machine’s lack of
repeatability makes to the overall measurement uncertainty is
determined differently depending on whether a single measure-
ment value or an average of multiple measurements is to he
reported. Additionally. in cases where the reported average
measurement value is intended to be an estimate of the average
hardness of the material tested. the uncertainty contributions
due 1o the machine’s lack of repeatability and the non-
uniformity in the hardness of the test material arc difficult to
separate and must be determined together. The uncerrainty
contributions for cach of these circumstances may be estimated.
as follows
X1.5.3.2 Single Hardness Measuremeni—For a futur¢.
single hardness measurement, the standard uncertainty contri
bution e, duc o the lack of repeatability, may be esti
mated by the standard deviation of the values from a number of
hardness measurements made on a uniform test specimen as:
ey = STDEV(H, | H, . H,) (X1.6)
where Hy, H. ... H, are the 1 hardness valucs. T general,
the estimate of l’LpL"l"bl ny is improved as the number of
hardness i is increased. Usually, the hardness
+$alues measured during an indirect verification will provide
1T ddequate eSUMAaLe of Hpqpees however. the caution given
s MDbte X 1.6 should be considered. It may be more appro-
spadgiror Lhc user 10 delerming a valuc of iggpeq by making
~Bdrdih close together (within spacing limita-

of uncertainty in a Vicks
and provides proudm;q
uncertainty in the hagchs
shown how these srg¢as’ iy aprribute to rhq mmr
measurement un¢dfdQy for the rhtee:fa
stances describdd i }Cl
X1.5.2 The sourcty pnnceqqimy‘mmq R
hardness machine’s Y4CR *6f repeatudIty. (2/238c non-
uniformity in hardness of the malarial dndere IL.SI,. (3) the
hardness machine’s lack of reprodulitfilicy.,
of the hd[dne ine’s i ot

usseq 32& (1) the

test block standards. An estimation GI: El

11s) on a uniform material, such as a test block.
No X1.5—The UNCEITainy typeue due to the lack of repeatability of
2 harduess machine as discussed above, should not be confused with the
historically defined “repeatabilily” thal is a requirement Lo be met as parl
of an indirect verilication (see A1.4.7.3). The caleulations of the uncer-
HAINTY fggpee a0 OF the hist defined repeatability do not produce
the sanea value. ‘The uncertainty s the contribution 1o the overall
uncdildinty of a hdrdnu\:n \U[um,nl value due Lo a machine’s lack of
while 2Ly defined is the range of
values nmmrcd-mrrmg an indircel verification.
§L6—AIl niiterigk S gshibit some degree of hardness non-
s the test spface. Therefore, the above evaluation of the
fibution dad 35 the dack of repeatability will also fnclude
a connibution due to the hardness non-uniformity of the measured
material. When evaluating repeatability as discussed above, any uncer-

and its inclusion into the expanded unc
discussed.

X1.5.3 Uncertainty Due to Lack of Repeatability ()
and when Combined with Non-uniformity (pepgne)—The
repeatability of a hardness machine is an indication of how
well it can continually produce the same hardness value each
time & measurement is i i i
is perfectly uniform in hardness over its entire surf:
imagine that hardness measurements arc made repeatedly on
this uniform material over a short period of time without
varying the testing conditions, including the operator. Even
though the actual hardness of cvery test location is exactly the
same, it would be found that duc to random crrors cach
measurement value would differ from all other measurement
values (assuming sufficient measurement resolution).
Therelore, lack of repeatability prevents the hardness machine
from being able to always measure the truc hardness of the
material, and hence contributes to the uncertainty in the
measurement.
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tainty due to the hardness non-uniformity should be mini-
mized as much as possible. The laboratory should be cautioned that if the
measurements of repeatability are based on tests made across the surface
of the material, then the repeatability value will likely include a significant
uncertainty connibution due to the material’s non-uniformity. A machine’s
repeatability is better evaluated by making hardness measurements close
together (within spacing limitations).

X1.53.3 Average of Mufttiple Measurements—When the
average of multiple hardness test values is to be due reported.
the standard uncertainty contribution «,—— duc (o the lack of
repeatability of the hardness machine, may be estimated by
dividing the standard uncertainty contribution g, (previ-
ously calculated from a number ol hardness measurements
made on a uniform (est specimen. see X1.5.3.1) by the
square-root of the number of hardness test values being
averaged, us:

(X1.7

whuc uRq,m, is calculated by Eq Xl .6 and ay is the number
of individual hardness (est values being averaged.



X1.53.4 Estimate of the Maierial Hardness—Hardness
measurements are often made at scveral locations and the
values averaged in order to estimare the average hardness of
the material as a whole, For example, this may be done when
making quality control measurements during the manufacture
of many types of products; when determining the machine
error £ as part of an indirect verification: and when calibrating
a test block. Beeause all materials exhibit some degree of
hardness non-uniformity across the test surface, the extent of a
matrerial’s non-unitormity also contributes to the uncertainty in
this estimate of the average hardness of the material. When the
average of multiple hardness measurement values is calculated

may be desired 1o stae the unccrmimy in this value with
rupcu o th true hmdncss of th mmuml,.]!x.mls casc. the

ability in the hﬂrdnc<5 machine and the w
test material may be estimated from th ¥
the mean” of the hardness measys 1
calculated as the standard deviationg 9 3hc hardness tyalues.
divided by the squarc-root of the nur§i@” ol measurements 3§

STDEV(H.

IRE:

Ut

where Hyy, Hry. ..

5.4 Unceriainty
{tggepro)—The day-10-0;
hardness machine s 4qvpi ® 4 ¢ls

Variations such as q,me:@n “machine :)mmqrs and changeg 3

the test environme§§ PIEn influcned IS Plrformance of the

mé :[hk'lkwel of reprnllﬁlﬂ)ilm is best deter-
bk e of B

variables, Il is very important lhm
control during the assessment of repr lpL\ly b4 Wmduhme
is in need of maintenance or is opuﬂbdjqcmtmbf' the lack of
reproducibility will be overestimated:

X155 An assessment of a hardness ¥hid]
reproducibility should be based on periodic Tonitoring mea-
surements of the hardness machine, such as periodic verifica-
tion measurements made on the same (est block over time. The
uncertainty contribution may be estimared by the standard
deviation of the average of cach sct of monitoring valucs, as:

Hpy = STDEVIM, My, o M) (X1.9)
where M\, M, ..., M, arc individual averages of cach of the
1 sets of multiple monitoring measurement values.

Nowg X1.7—The uncertainty contribution due to the lack of
reproducibilily aleulated in g X1.9, also includes a contribution due
W the machine’s lack of repealabilily and the non-uniformity of Lhe
monitoring fest block: however, these contributions are based on the
average of multiple measurements and should not significantly over-
estimale the reproducibility uncertainy.

X1.5.6 Uncertainiy Due to the Resolution of the Indentation
Measuring System (iig,,,)—The finite resolution of the inden-
tation measuring system prevents the hardness machine from
providing an absolutely accurate hardness value. The uncer-
tainty contribution fep,., duc (0 the influence of the measuring

Copyight ASTM Internatonal
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system resolution rpy, may be described by a rectangular
distribution and estimated as:

2 Tn (X1.10)
L .
EEVERRV/E)
where o is the resolution limit that a hardne: alue can be

estimared from the indentation diagonal measurement system
in hardness units. It is important to note thar the resolution
limirt ;; will be dependent not only on the length resolution
r of the indentation measurement system, but also on the
hardness value A and the corresponding diagonal length 4.
The measurement resolution in diagonal length units may be
converted to the resolution in hardness units as:

2x71
* d

Note X1.8—The influence of measurement resolution can be a signifi-
cant contribution to HV and HK measurement uncertainty, particularly for
small indentations. Consider the case of measuring a small indentation, Tor
cxample haying a 25 pm diagonal length, with a measuring system having
a resolution of 1 pm. Tt is probable that every measurcment of the
indentation would yicld the same measurement value, indicaling Lhal the
measurement uncerlainly due Lo the (lack of) repeatability in the ability o
measure the indenlation diagonal length would be negligent or voro.
wever, Lhis is probably nol the case. The actual uncerlaint
asurement repealability is likely much higher due Lo the measurement
faludan,
QP! lactors should be considercd when determining how resolution

(X110

m=

w

. §rdiantes 1o the overall hardness measurement uncertainty. The resolu-

12 sonnibutions are also dependent on the type of measurement system

¥ In most cases, a Vickers or Knoop indentation diagonal length is
$sured by locating and resolving the indentation tips at each end of the
tagonal. The ability of the measuring system to resolve the indentation tip
s partly due to the incremental resolution of the system, but also due to
the optical resolution of the microscope objective. Ln the case of video
measurement systems, the incremental resolution may be based on the
increpeptal length spacing obsersegl on the sample corresponding to two
adjicentvideo display pixel o5 haw the measurement software resolves
the wJdg In the eadesafafTag an optical mi with a filar

yeplfe. the incremental yesglpfion may be based on the resolution of the
scae. The resolution of the measuring

mrasurement display or

bidd on (Rt §elength of ugmwt o observe Lhe indentation and the
numerical aperture of Lhe —1(

To determine the overall mu\urum,m uncertainty duc o the measure-
ment resolution, both the uncerlaintics due Lo Lhe incremental resolution of
and the optical resolution of the microscope

he SYSIOm #gesoinge

s measurement uncertainty duc o resolving the tip of one
end o an indentation diagonal is 3, = 42+ by Calculating
Uosotinery A0 Uposoirony USIng Eq X110 after converting 7, to 1y
according to Eq XI.11. Since the measurement of a diagonal length
usually involves resolving both fips o the diagonal, the uncertaiaty due to
vesolving both ends of an indenation diagonal is i}, =2

F ey} Which is the uncertainty due the resolution of meas;u‘x;ug a
single diagonal length. For a Knoop or Vickers hardness measurement,
™ V2 X (Mhtiney + W}

X1.5.7 Standard Uncertainty in the Certified Average Hard-
ness Value of the Reference Test Block (g, )—Reference test
blocks provide the link (o the Vickers and Knoop standards to
which traceubility is claimed. The certificate accompanying
reference test blocks should provide an uncertainty in the stated
certified value, and should stawe to which Vickers or Knoop
standard the reference test block value is traccable. This
uncertainty contributes o the measurement uncertainty of
hardness machines calibrated or verified with the reference test
blocks. Note that the uncertainty reported on reference (est
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block certificates is typically stated as an expanded uncertainty.
As indicated by Eq X1.4, the expanded uncertainty is calcu-
lated by multiplying the standard uncertainty by a coverage
factor (ofien 2). This analysis uses the standard uncertainty and
not the expanded uncertainty value. Thus, the uncertainty value
duc to the uncertainty in the certificd value of the reference test
block usually may be calculated as:
I

(X1.12)
}”N(/ML
where Uy, ., is the reported expanded uncertainty of the
certified value of the reference test block. and kg gy Is the
coverage factor used to calculate the uncertainty in the certi-
fied valuc of the reference standard (usually 2).

X1.5.8 Measurement Bias (B)—The measuremient bias is
the difference between the hardness measurchiens l‘etucs as
displayed by the hardness machine and the %
a maierial. The measurement bias B may b eqematedstys (he
error £ determined as part of the indirecryert

_ Yngae
Mo =

B=1— Ty (X1213)
where A is the mean hardness value mmqlsmcd by the
hardness machine during the indircet veysication. and H&m,A
is lhe Lemhed average hardness AIUS o' the reterelme-reur-

X1.6 Procedure for C:
Verification
X1.6.1 As part of an & e percent (%)
error £ of the hardnes g d ibm the average
of diagonal length médsikdtents made «di va reference tests
3 ore B

block (see Eq 3 dl]d A:l: “h

pmndLs a proccmuc that can be used, for cxamplc by
calibration agency, (0 estimate the uncpgipinty asssiy”

hardness measurement crror Iy, of (9 $adugsse diachine
determined as (he difference between? I8¢ s@vet4ds of (he
measurement values and the certified valde DY adé “reference
block used for the verification. Since there’
tainty in a hardness measurement, it follows that there must be
uncertainty in the determination of the average value of the
measurements, and thus the determination of the machine error.

X1.6.2 The contributions to the standard uncertainty of the
hardness measurement error, yy,,.,. are:

(1) g pane; (Ref. Block), the uncertainty due to the lack of
repeatability of the hardness machine combined with the
uncertainty duc to the non-uniformity in the reference test
block (Eq X1.8). which is determined from (he bhardness
measurements made on a reference test block o determine the
error E of the hardness machine, The notation (Ref. Block) is
added to the term i,y to clarify that the uncertainty is
determined from measurements made on the reference block
used for the indirect verification.

(2) gy the uncerainty due to the resolution of the
indentation measuring system (Eq X1.10) in hardness units,
and

(3) ttgyyppe the standard uncertainty in the certified value of
the reference (est block (Eq X1.12).
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X1.63 The combined standard uncertainty iy, and the
expanded uncertainty Uy, are calculated by combining the
appropriate uncertainty components described above for each
hardness level of cach Vickers and Knoop hardness scale as:

ttan = Vil RELBIOGK) + 13 g (X1.14)

and
storn = K Xty (X1.15)
X1.64 For this analysis, a coverage factor of & = 2 should

be used. This coverage factor provides a confidence level of
approximartely 95 %.

Nom X1.9—The uncertainty contribution #,,., as calculated in Tiq
X114 does not include a contribution duc to the machine’s lack of
reproducibilily. This is because it is assumed thal the indirect verilicalion
is made while the hardness machine is operating al its oplimal perfor-
mance level with the hest possible cnvironmental conditions.

Nom: X1.10—The expanded uncertainty Uiy, will commonly ho
larger thun the value of the hardness machine “error.”

X1.6.5 Reporting the Measurement Uncertainty—This ex-
p'mdcd uncertainty Uy, may be reported by a calibration
ucy to its customer as an indication of the uncertainty in the
o machine error £ reported as part of the indircet
s sof a Vickers or Knoop hardness machine, The
1o Should be supplemented with a stalement
what Vwkcrs or Knoop hardness scale and hardness
e uncerrdum applicable. with an explanatory state-

s such as, “The expanded uncertainty of the hardness
mddtine error £ reported as part of the indirect verification for
e stated hardness le(s) and hardness level(s) is with
respect to hardness reference standards maintained at

o, (for cxample,, NIST). and was calculated in
accordadlé With Appendix X [ oI ASTM E92 with a coverage
factor 0{2::‘pl‘cscnling a cduli‘(}a e level of approximately 95

%"

Xl &b The standard 0fcedfaddty value i, ., can be used as
an uitrtainty $¢dwibution ﬁfé‘iuk\lemunmu the measurement
uncertainty of future measitéments made with the hardness
machine (see X1.7 and X1.8).

X1.6.7 Example X{./—This cxample illustrates how (o
caleulate the uncertainty Uy, in the hardness measurement
error Iy, of the hardness machine determined as the difference
between the average of the measurement values and the
certificd value of a reference block. An evaluation will only be
made for measurements made on a Knoop reference block with
a reported certified value of 420 HK 0.3 and an expanded
uncertainty of Ug,gy = 6 HK 0.3. The microscope used to
measure the indentations has a resolution of | um. The agency
performs five verification measurements on the block. The five
diagonal mcasurcments are 103.9 . 102.8 and
100.2 um, which calculate to 395. 389, -108 404, and 425 HK
0.3, resulting in an average value of 404 HK 0.3, Thercfore:
_ STDEV(395 . 389 . 408 . 404 , 425)

VG

Yasenl ROt B
or

Uaany{ R Block) =6.18 HK 0.3

;=1 4m=0.001 mm

1= 1 X 2X FI=0.001X2X 404.2 7 0.1028
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or
r=7.86 HK 03
Upssor™ e

s
Upurg= =3 HK 0.3
Thus,
Uypaen=\ETFT227+3

Uy =2X7.24=14.5 HK 0.3

Therefore, the uncertainty in the =16 HK 0.3 crror E, in the
hardness machine is 14.5 HK 0.3. Although this evaluation was
made on material having a hardness of approximatgly 420 HK
0.3, the uncertainty may be considercd to apply 3§ 3be entire
mid-range of the HK 0.3 hardness scale. This caldddddd must
be made for the low and high ranges of the HI¢ i3
scale, as well as for the ranges of the other \l b3

hardness scales that are verified.

Note X1.11—The reader should be aware th
ncertainty value in all examples in this appendia eoe!

u

was done between steps. Consequently. if ndiviudPequations are solved ,

using the rounded values that are given at each step of this exanyple:
computed results might differ in value in the lase deci
results staigd.

by a usct may be thought
avens .
measured valuc agrccs:wnﬁtk:c truc” val

show well the

are:

(1) tipepeq> the uncertainty due to t
repeatability (Eq X1.6).

(2) ey e uncertainty contributior! zmc:o:(ac lack of
reproducibility (Bq X1.9).

(3) o the uncertainty due o the [esnlmmn of the
indentation measuring system (Eq X1.10), and

(4) Hygeqn the uncertainty in determining the crror Z of the
hardness machine (Eq X1.14).

The combined standard uncertainty iy, is calculaed by
combining the appropriate uncertainty components described
above for the applicable hardness level and Vickers or Knoop
hardness scalc as:

X1.7.3 Average Measurement Value—In the case that mea-
surement uncertainty is to be determined for an average value
of multiple hardncss measurcments. made cither on the same
test picee or mulliple (est picees, the contributions o the
standard uncertainty iy, are:

(1) #ppeas hC uncertainty due to the machine’s
repeatability
(Eq X1.7).

(2) tipepoq the uncertainty contribution due to the lack of
reproducibility (Eq X1.9),

(X1.16)

lack of
bascd on the average of multiple measurements
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«eltine’s lack of repeatabilit

(3) tppuor the uncertainty duc (o the resolution of the
indentation measuring system (Eq X1.10), and

(4) tyz,07,, the uncertainty in determining the error £ of the
hardness machine (Eq X1.14).

The combined standard uncertainty iy, is calculated by
combining the appropriate uncertainty components described
abovc for the applicable hardness level and Vickers and Knoop
hardness scale as:

Hageas = Fthcpintt Wassort Hitann (X1.17)

-

X1.74 The measurement uncertainty discussed above for
the single and average hardness values only represents the
uncertainties of the measurement process and are independent
of any test material non-uniformity.

X1.7.5 Average Measurement Vadue as an Estimate of the
Average Marterial Hardness—Measurement laboratories and
manufacturing facilities often measure the Vickers or Kn(mp

hardness of a test specimen or ploducl for the purpose of
csiymating the average hardness of the test material, Usually,
13dile hardness measurements are made across the surface of

SORIESE Piece. and then the average of the hardness values is

fcpbidlis Idsan cstimation of the average hardness of the

cemaldflIdT it is desired o report the uncertainty as an

m(h 06 of how well the average measurement value repre-
sam «the mue average hardness of the material, then the
Bltions (o the standard uncerlainty iyzq, are:
) tggpany (Material), he uncerainty due to the ma-
ombined with the uncertainty due
to the material’s non-uniformity (Eq X1.8). which is deter-
mined fi@d?the hardness mtAdgrgments made on the test
material TTe notation (MaFl),i$'added to the term #y,, e v
to clarif §i3if the uncertaint} 1€ d&termined from measurements
madé &t ihe material undpd i,

(2)«,“,,,,,(, the unccmmbu aenlnhuuon due to the lack of
[eprnduubxlm (Lq-Xl 9). .

(3) tipesor, the uncertainty due to the resolution of the
indentation measuring system (Eq X 1,10}, and

(4) ty4,.5 the uncertainty in determining the error  of the
hardness machine (Eq X1.14).

X1.7.6 The combined standard uncertainty #yy,,, is calcu-
lated by combining the approprialc uncertainty components
described above for the applicable hardness level and Vickers
or Knoop hardness scale as:

o = V1w MY 63T 8y 0 (X118

X1.7.7 When reporting uncertainty as an indication of how

well the average measurement value represents the true aver-

age hardness of the material, it is important t© ensure that a

sufficient number of measurements are made at the appropriate

(est locations to provide a representative sampling of any
variations in the hardness of the material.

X1.7.8 The expunded uncertainty Uy, is caleulated tor the
three cases discussed above as:
Upgeas = k X ttyy, o+ ABS(B) (X1.19)
For this analysis, a coverage factor of & = 2 should be used.
This coverage factor provides a confidence level of approxi-
mately 95 %.



1y e92- 16

X1.79 Reporfing Measurement Uncertainiy:

X1.7.9.1 Singte and Average Measurement Values—When
the reported measurement value is for a single hardness test or
the average of multiple hardness (ests. then the value of Uy
should be supplemented with an explanatory stalement such as.
“The expanded measurement uncertainty of the reported hard-
ness value (or average hardness value) is with respect (0
hardness reference standards maintained at [for
example, NIST]. and was calculated in accordance with
Appendix X1 of ASTM E92 with a coverage factor of 2
representing a confidence level of approximately 95 %.”

X1.79.2 Average Measuremeni Value as an Estimaie of the
Average Material Hardness—When it is desired §§ yeport the
uncertainty as an indication of how well the avef3dd fipasure-
ment value represents the truc average hardnessidrade dlddnal.
then the value of Uy, should be supplehddléd be!
explanatory statement such as. “The expaidm‘ unce(imn 2 of
the reported average hardness of the 4l under” lest- 1s
based on uncertainty contributions {ro l:nc measurement
process and from the hardness non-unifo
The uncertainty is with respect to hardnesy 'reiereme standards
maintained al [for cxfunpk, NISTE e oad apas
calculated in accordance with Appendiy X1,3043TM E22 Mt}
a coverage factor of 2 [ep(e,\eﬂﬂﬁg'd ANHRAE 28342 bt
approximately 95 % If thestedls [ep(xri GhS S3GL 2IE the
number of measurements his $&16 aydbdd 48d the locations
that the measurements werd k! theh hissivldrination should
also be included as pars o0 of how the
uncertainty was caleula B

X1.793 Fgr this cxpapi¢.s a laboratpry
examings its product h\' m‘f‘k. $ix Vu,lq;{g}f\i 0.5 hardpess
MeAasurements across sTEQEL 3¢ AN estintufed Pf the pgdict
hardness. The values of the* hiifdness measutdments
product were 303, 310, 301, 312, 301 and 320. resulidr
average valuc of 308 HV 0.5. The microsédpc dsedat dsure
rhe mdenmnom hd\ a res()lulmn ()t Lum. ﬁ' Labo

of the HV 0.5 test range (see Table AL.3). '[]‘1e\ st indirect
verification of the mid-range of the HV 0.5 test range reported
Ustaer = 84 HV 0.5 and an crror E of -6 HV 0.5, Therefore:

STDEV(303, 310, 301,
Ve

312, 301, 320)

Ly M

Ui Material)=3.1 HV 05

For this example, assume the hardness machine has been
monitored for an extended period of time, and from Eq X1.9,
it was determined (hat itg,,,0q = 4.2 HV 0.5 for the mid-range
of the HV 0.5 (est range. Other uncertainty contributions arc
caleulared as:

1um=0.001 mm

X 2X H /t/=0.001X 2% 307.8/ 0.0549

Copyight ASTM Internatonal
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v of the material. |

r=11.21HV 05

12
=

uwr,:%—A BHV 05

Thus,

Uy, BIZH4Z+3 22+ 467+ =768 HV 0.5

and since B = -6 HV 0.5,

Uyyas= {2 X 7.68)+ABS(- 6}

or

Uygou=21.4 HY 05

for the average value of the hardness measurements made on
the single product item.

X1.8 Procedure for Calculating Uncertainty: Certified
Valuc of Standardized Test Blocks

X1.8.1 Standardizing laboratorics engaged in the calibration

salerence test blocks must determine the uncertainty in the

\'Hﬂ‘\ hardness of a product. Tn this case, the product is a

calibrated reference test block. The contributions to the stan-

dard uncertajnry U, of the Lﬁm ied average value of the test

(1) “ﬁly}t@‘(' (Calib. I?lmﬂ().mb'unccnﬂnly duc (o the stan-
pEatability combined with the

madc on the test Block. The atation ( Caib. Bloc k) is added o
the 1M Hy,,q v; 10 Clarily that the uncertainty is determined
from calibration measurements made on the calibrated block.

(2) Upeppgs the uncertainty contribution due to the lack of
reproducibility (Eq X1.9).

(3) Uppsor the uncertainty due to the resolution of the
standardizing machines indentation measuring system (Eq
X110, and

(4) Usgacre
standardizing

the uncertainty in determining the error I of the
machine (Eq X1.14).

X1.8.3 The combined standard uncertainty uCert and the
expanded uncertainty Ue.,,, are calculated by combining the
appropriate uncertainty components described above for each
hardness level of cach Vickers or Knoop test foree and indenter
combination as:

= Vi Clib.BIOCR 4 16t s W
(X1.20)
Uy, =k Xitg,, +ABS(B) (X1.21)



X1.84 For this analy a coverage factor of £ = 2 should
be used. This coverage factor provides a confidence level of
approximatcly 95 %.

X1.8.5 Reporting the Measurement Uncertainty—The value
of Uy, Is an estimate of the uncertainty in the reported
certified average hardness value of a reference test block. The
reported value should be supplemented with a statement
defining to what Vickers or Knoop (est force and indenter
combination and hardness level (he uncertainty is applicable,
with an explanatory statement such as, “The expanded uncer-
tainry in the certified value of the test block is with pespect to
hardness reft standards maintained at sess. lfor
cxample, NIST]. and was calculated in accoldaddd s wth
Appendix X1 of ASTM F92 with a coveragd s0idaii3¢ 2
representing a confidence level of ﬂpploxmmﬁy S)S"

X1.86 Example X1.3—A secondary le\d Iﬂfhlnck pebh
dardizing laboratory has completed the callfidlidn of a HVS
test block in the high hardness range. THE”values of the

calibration measurements ofthe hlock wuc()-‘f-l 674. 680, ?1?2.

average ha[dne
is considered within the high- |qvg.
Table A1.3). The last indirect) wmupn'@,

the HV 5 (est range reported Dia.

[
¢ highi-range

ol
K4S an crror
of +5 HV 5. The microscopd I3&d 1o feasdidithd indemduum

has a resolution of | [ Reibfore:

fily e92 - 16

STDEV(674 , 674, 680, 682, 670)
V5

Ungpuud Caifb

Gyopsned Call. Block) =2.2 HV 5

For this cxample, assume the hardness machine has been
monitored for an extended period of time, and from Eq X1.9,
it was determined that #g,,,., = 3.8 HV 5 for the high-range of
the HV 5 test range. Other uncertainty conuibutions are
calculated as:

=1 pm=0001 mm

Fu=raX 2% H/d=0.001x2x 676/ 0.1171

or
1155 HY 5

T

ryi2 2
= "72:333Hv5

J0r the certified hardness value of the single calibrated test

* "block.
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