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INTEANATIONAL

Standard Test Method for

Portable Hardness Testing by the Ultrasonic Contact
Impedance Method'

This standard is issued under the fixed designation A1038; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A numbet in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last tevision or reapproval.

5" NOTE—Table 3 heading was cotrected editorially in April 2016.

1. Scope*
1.1 This test method covers the determination of compara-
tive hardness values by applying the Ulrasonic Contact
Impedance Method (UCI Method). .
1.2 The values stated in ST units are (0 be regarded
standard. No other units of measurement are include:
standard.

safety concerns, if any, associated with its i
responsibility of the user of this standard to e$ylish appro-
priate safety and health practices and determidd Me applica-

t.alwhmiaf smstrument by pre:
¥

3. Terminology

3.1 Definitions:

3.1.1 calibration—determination of the specific values of
the signiticant operating parameters of the UCT instcument by
comparison with values indicated by a standardized workbench
hardness tester or by a st of certified reference (est pieces.

3.1.2 surface finish—all teferences (o surface finish in this
test method are defined as surface roughness (that is, Ra =

average roughness value).

3.1.3 WUCT hardness tesi—a hardness lesting method using a
ing a resonating rod with a

bility of regulatory limitations prior to use. 33’
7 reg P H ~dglm far; for example, a Vickers diamond, with a fixed

2. Referenced Documents

2.1 ASTM Standards:®

A370 Test Methods and Delinitio
ol Steel Produc

E 10 Test Method ror Brinell Fagdrgess

EI8 Test Methods for R(M\Ml Hardness n! szm Ma-
terials

E140 Hardness

Hardness, Superticial Hardnes
scope Hardness, and Leeb Hardness

EI77 Practice lor Use of the Terms Precisi
ASTM Test Methods

rials
E&91 Peactice for Conducting an Interlaborator
Delefmine the Precision ol a Test Method

"This tesmethod is under the jurisdiction of ASTM Committee AOL on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
ADLO6 on Steel Forgings and Billets.

Cuttent edition approved Nov. 1, 2013. Published March 2014. Originally
approved in 2005. Last previous edition approved in 2010 as A1038 - 10a. DOI:
10.1520/A 1038-13E01.

2 For refetenced ASTM standards, visit the ASTM website, www.astm.otg, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Stendards volume information, refer to the standard's Document Summary page on
the ASTM website.

agi.{qsg 1he surface of the part (o be tested.

::§.1.4 ;UC{yﬂclhode]lmsomc Contact Impedance, a hard-
ness (e$@4d¢ hiethod developed by Dr. Claus Kleesattel in 1961
basedksit 1&¢ measurement of the frequency shilt of a resonat-
lng:gm.dsc:wscd by the essentially elastic nature of the finite area
Qb gomtact between the indenter and the test piece during the
punelmuon.

3.1.5 verifpttibn—checking pr,gsdig the UCT instrument
to ensure mng'()?pancc with thif destaethod.

4. Slgmlﬁcap,te aqd Use
4.1 The hardness-of & maluml K A%efined quantity having
many scales and being dependent on the way the test is
performed. In order (o avoid the creation of a new method
involving a new hardness scale, the UCI method converts into
common hardness values. for example. HV, HRC, etc.

4.2 The UCI hardness test is a superficial determination,
only measuring the hardness condition of the surface con-
tacted. The results generated al a spe location do not
represent the part al any other surface location and yield no
information about the malerial at subsurface locations.

4.3 The UCI hardness test may be used on large or small
components at various locations. It can be used (o make
hardness measurements on positions difficull to access, such as
tooth flanks or toots of gears.

A Summary of Changes section appears af the end of this standard
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instrument has to be calibrated for different groups of materi-
als. After calibration, the UCI method can be applied to all
materials, which have the corresponding Young’s modulus.

5.4.1 As manufactured, the UCI instrument usually has been
calibrated on non-alloyed and low-alloyed steel, that is, certi-
fied hardness reference blocks according to Test Method E384.
Besides this, some instruments may be calibrated quickly, also
at the test site, for metals such as high-alloyed steels, aluminum
or titanium.

6. Calibration to Other Materials

6.1 A test piece of the particular material is needed. The
hardness value should then be determined with a standardized
workbench hardness tester like one for Vickers, Brinell or
Rockwell according to Test Methods and Definitions A370. It
is recommended to take at least five readings and cglculate the
average hardness value. Now carry out a set of A} ast five
single UCI measurements on your test malenal:a ding to
instructions in 10.6, adjust the displayed avs ag '3. he
before measured hardness of the material, and #hn
calibration value which is necessary for fuqnqrmeasummmts
on this particular material in the deslred'hamhess scale*4pd
range. b

6.1 1 Some instruments allow slormg.a’ll calibration data
and s for hard “testi are
materials. They can be recalled to the mslrumem

7. Comparison with Other Hé
7.1 As opposed to convqxfli&rpai :low:i(iaifisqiness testers,

lhe ucCt mslrumenls do ,ndl‘ syalme *thes dddentation size §

but y didildg sro the UCL
method. The UCL mettiokt yxids compara@i¥é siardness mea-
surements when consldenrx dependene! an the elagtic
modulus of the test piece.* s

7.2 After removing the test*force, an mdenlauon ge
by the UCI probe using a Vickers dlamgud as md,em@‘and
mounted in a test stand is practically idgQgeal. 1 b Yickers
mdemanon produced by a workbench testel of :mé Shirde load.
ding’ to the
standard Vickers test if care is taken to apgly fhe force
according to Test Method E384 and if a Vickers indenter is

g ;08 d lifferens .

8.1.2 Penetration depth of the Vickers diamond pyramid for
a certain hardness (in HV) and test load (in N) id is shown in
Eq 2.

8.1.3 Table 1 provides the recommended minimal surface
roughness for certain UCI probes that use a Vickers indenter. If
surface preparation is necessary, care must be taken not to alter
the surface hardness by overheating or cold working. Any
paint, scale or other surface coatings shall be completely
removed. Failure to provide adequate surface finish will
produce unsteady readings. Coarse finishes will tend to lower
the measured value.

8.2 Minimum Thickness—Thin coatings or surface layers on
bulk material must have a minimum thickness of at least ten
times of the indentation depth of the indenter used (see Fig. 3
for a Vickers indenter) corresponding to the Bueckle’s rule:
Spin = 10X b

8.3 Minimum Wall Thickness—Distinct reading variations
may especially occur with a specimen thickness of less than
about 15 mm if the test material is excited to resonance or
sympathetic oscillations (for example, thin blocks, tubes, pipes,
etc.). Most disturbing are flexural vibrations excited by the
vihrating tip. These should be suppressed by suitable means.
Sbhfdimes attaching the test piece to a heavy metal block by
{xieahﬁd“.a viscous paste, grease or oil film suffices to quench

it 84ird waves. Nevertheless, a minimum wall thickness of
2 16'"3 mm-ls recommended.

o f 7nﬂueﬂce of the Oscillation—The UCI method is based
R peasuring a frequency shift. Parts less than about 300 g can

gtinto self-oscillating causing erroneous or erratic readmgs
Test pieces of weights less than the minimum or pieces of any
weight with sections less than the minimum thickness require
rigid suppest and coupling {aa thick, heavier non-yielding
surface 4@ «esist the oscillation, of the UCI probe. Failure to
provide prlgquate support antit¢qupling will produce test results
lower; 0f hjgher than thg et hardness value.

8. ,S;nfa’m;c‘ywam‘re-f'flieél: pieces with curved surfaces
may be tested®0fi either; Jheé *¢onvex or concave surfaces
providing that the radius of curvature of the specimens is
matched to the appropriate probe and probe attachment in order
to ensure a perpendicular positioning of the probe.

used in the UCI probe. In this case special ar or
probe attachments have to be used to provide verification of the
actual test force of the UCI probe.

8. Test Piece

8.1 Surface Preparation—The applied test force (that is, the
selected UCI probe) must not only match the application but
also the surface quality and roughness of the material. While
smooth, homogeneous surfaces can be tested with low test
loads, rougher and coarse-grained surfaces require test loads as.
high as possible. However, the surface must always be free of
any impurities (oil, dust, efc.) and rust.

8.1.1 The surface roughness should not exceed =30 % of the
penetration depth (Ra < 0.3 x h) with:

Bmm] = 0.062 X H;%SD[EV] @)

‘Copyrght ASTM Intemational
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8.6 Te The of the test piece may
affect the resulls of the UCI hardness fest. However, if the
probe is exposed to elevated temperature for only the time of
measurement, measurements are possible at temperatures
higher than room temperature, without influencing the perfor-
mance of the UCI instrument.

9. Verification of the Apparatus

9.1 Verification Method—Prior to each shift or work period
the instrument shall be verified as specified in Part B. Any UCI
hardness testing instrument not meeting the requirements of
Part B shall not be used for the acceptance testing of products.

TABLE 1 Surface Finish for Different Test Loads
Tost Load X EX 10N
Ra <15um ___ =10pm =5um

3N
= 2.5 pm
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10. Procedure

10.1 Test Procedure— To.(utddﬁ alFahesidst
is connected to the indicatisk3ddil antthé 3a&bdibent is turned
on. The probe is held mnﬂ! (uim«' a pmhv&n
its axis in a perpendioylae puslu(m relatiy
surface. Hold the probe 3¢igly hiegly hands St adtp
possible result. Carefully ¢3¢ $thads pressufe afainst (he @sl
piece during the loading phddd.iMdke sure fa} the véidical
probe position is maintained as long as lhe lma is gitdctisve.
Some instruments indicate the end of lhut
acoustic signal and display the hardness \ql

100

’k;’“‘ (pm)

Test Loads from 1 N to 98 N

£ iimount for steel, copper and copper a]lo)s and (2) at least 6
times the amount for light metals, lead, tin and their alloys. II
wo neighbring indents vafy 18.size then the mean indent
diagonal df the larger indedt'htisgbe used for caleulation of the
minimyik dtance. No pbii: shall be measured more than

adiig. of UCI Instiueients—Hardness values can be
read” directly off the electfomé ‘display of the instrument. On
some i they can be displayed either as single tigure

B

102 Alignment—To prevent etrors frop s
move the UCI probe with slow and steady spagx
should be perpendicular with respect (o the Su
maximum angular deviation from the perpendicular position
should be less than 5 degrecs. Avoid twisting of the probe
housing. There should be no lateral forces on the indenter.
Therefore, avoid slip.

10.3 Test Direction—Hardness testing according to the UCI
method generally can be carried out in any direction, without
the necessily of corrections depending on (he loading. There
may be an effect of the measurement direction on the hardness
measucement depending on the manufacturer and the test load
of an UCT probe. This is due to the mass of the vibrating rod.
h may influence the test load in dependence on the
direction of measuremen; that is, the mass of the rod will
increase the load when measuring Lop to bottom and vice versa.
This should be considered especially for test loads below 10 N.
In this case the user has to verify the influence of (est
orientation on the hardness reading depending on test load and
hardness of material.
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showing the actual reading, or as average figure showing the
average of the hardness readings taken so far. Equivalent
hardness numbers on other scales can be obtained by using a
hardness conversion table (see also Section 12) or by calibra-
tion according to Section 6.

10.6 Number of Five taken
in an area of approximately 650 mm? shall constitue one test.
If the material being tested is considered Lo be inhomogeneous,
ten measurements or more shall be made to constitute one test:

Note 1—650 mm? is an arca approximately equal to 1 in2.

10.7 Reporting—The numerical hardness value shall be
followed by the symbol for the UCI test, HV(UCI) in the cas¢
of a Vickers reading with a suffix number denoting the test
force in kgf. Example: 446 HV(UCI) 10 = UCI hardness
number of 466 under a force of 10 kef. If numerical hardness
values are presented in other scales by calibration according (o
Section 6, they should analogously be reported as 45 HR-
C(UCI) or 220 HBW(UCT) ete. Reporting of converted values,
see Section 12.
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11. Precision and Bias**

L1.1 The precision of this (est method is based on an
interlaboratory study conducted in 2009. Each of 13 laborato-
ries tested five diflerent materials. Every “test result”™ repre-
sents the average ol five individual measurements per Para-
graph 10.6 of A1038. Laboratories reported two replicate test
resulls (from a single operator) for cach of two different
analysis contigurations (hand held and test stand). Practice
E691 was followed for the design and analysis of the data.

11.1.1 Repeatability limit (r)—Two test results obtained
within one laboratory shall be judged not equivalent if they

esults for the same material, obtained by the sang gt
using the same equipment on the same day, ne

laboratory.
11.1.1.1 Repeatability limits ate listed in ﬂ.h
3.
11.1.2 Reproducibility limit (R)—Two lt.Sl. {sults shall be
judged not equivalent if they differ by more ﬂmn the "R” ¢
for that material; “R™ is the interval le[LScnll{\g (he
difference between two Lest results for |
obtained by different operators
dilferent laboratories,

»~1vp¢. of hardness t

Cerified Brinell Diarneter

Certfied Brinell 4000 kg Toad 10 o
Hardness

indenter)
Test Block 1: 143 4.985 mm
Test Block 2: 194 4.325 mm
0729385
Test Block 3: 242 3.897 mm
Test Block 4: 312 3.446 mm
0722420
Test Block 5: 377 3.144 mm
0723157

114 To judge the equivalency of two fest results, il is
recommended to choose the test block closest in characteristics
(o the test material.

12. Hardness Scale Conversions

12.1 Conversion of Hardness Numbers—Some instruments
allow also an automatic conversion of measured hardness
numbers into other hardness scales. Such conversion into other
hardness values or also into tensile strength, measured in
made according to Hardness Conversion Tables

fkkin Hardness Conversion Tables E140 do apply.
enversion belween hardness numbers is only pos-
certain limitations. Hardness values, measured by
dig§dhs ‘methods cannot be correlated by established math-

Lmaam relationships. The form and material of the indenter.
EITE

swu of the indent and the measured number depend on the
t that is used.

12.1.2 Cogyersion of one }
anolhu Imﬂnsx numbu ora,

dness number either into
of tensile strength may be

being wm.t.l

1.2 Bias—Sce Table 4.

3 Supporting data have been filed at ASTM Intemational Headquarters and may
be obtained by requesting Research Report RR:A01-1002. Contact ASTM Customer
Service at service@astm.org.

* Supporting data have been filed at ASTM Intemational Headquarters and may
be obtained by requesting Research Report RR:A01-1003. Contact ASTM Customer
Service at service@astnn.org.

ible,s Aidi on the material. its

sor
preparatiod snd its surlace Jfini

12.2 Gdnve¥sion to Tenlilé Stiength—The conversion into
the stress unit Nyiwn> is limitdd ¢e.loads equal to or greater
(han 98 N.

B. VERIFICATION OF UCI HARDNESS TESTING
INSTRUMENTS

13. Scope

13.1 Part B covers the verification procedure for UCI
hardness testing instruments by using suitable hardness refer-
ence blocks. Direct verification has to be done by the manu-
facturer.

TABLE 2 Test Stand: HV (UCI)

Test P
Block Average* Standard Standard pyi s
Daviation Deviation
% s% , Sa r R

03001425 74513
0720385 192.39 545 168 557 471 15.61
0800213 20061 714 191 7.27 533 20.35
0722420 306.91 267 1.26 971 354 27.18
0723157 377.20 6.55 403 745 129 2001

“The average of the laboratories’ caloulated averages.

5 Test Block 1 data was deleted from consideration when it was realized that it was fabricated from aluminum while blocks 2, 3, 4, and 5 were fabricated from steel. The

differing materials require individual calibration.

Copyright ASTH Inermational 5
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TABLE 3 Hand Held Probe: HV (UCI)t

Test y
Average® Standard Standard
Block Deviation Deviation Limit Limit
% s% S, Sa r R

03001425 723.608
0720385 189.915 6398 1.868 6532 5.200 18.291
0800213 219.277 8135 2.105 8270 5.804 23.156
0722420 305.654 10357 8.003 11.833 22,660 33.152

231 370.285 10469 7.632 1.778 21370 32,078

0723157
T Editorially corrected.
A The average of the laboratories’ caloulated averages.

B Test Block 1 data was deleted from consideration when it was realized that it was fabricated from aluminum while blocks 2, 3, 4, and 5 were fabricated from steel. The

differing materials require individusl calibration.

TABLE 4 Comparative Vickers Hardness

ILS #358
Test Caleulated *True” Determined Bias Bias
Block Hardness Value Hardness Value® (Test Stand) (Hand Held)
(Hand Held)
0300142 143.06 NR NR NR
0729385 189.70 196.14 +4.06 +3.39
0800213 240.32 227.98 -4.94 -5.13
0722420 321.75 31422 -3.28 -2.34
0723157 388.78 . vev 37208 -1.63 -4.24

4 The average of the three testing \aborator\es caculapd dverages (obaipecusin 7S hardness ester 5 g test foros) fom LS 4619, Tesiing performed
‘%

in accordance with Test Method E38

5 The average of five testing \abom(ones calculated averages ‘obﬁa aﬂs'n'g:llm (urra'sz»;&

in Vickers hardness numbers) from ILS #358. All ingludedsiausasitzed Mg 8
©The average of five testing laboratories’ calculaied averages

14. General Requiremem;

14.1 In:tmmemegf&ti:_
inslrumu)l %ha]l hc cx:hoh&m

clean, that is, free from forel@R &
oil.

15. Hardness Reference Block

heselerence

i be sum—

15.1 In order (o avoid perturbing vibrali
blocks caused by the ulirasonic sensor, lhéy'
ciently large. Recommended is to use steci
dimensions not less than 80 mm in diameter and 16 mm in
thickness.

15.2 Each block shall be specifically prepared and heat-
treated (o give a specitic hardness and the necessary
homogeneity. such as in Test Methods E1%. and stability of the
surtace hardness distribution.

5.3 The test surface shall be polished or fine ground and
free of scralches and other discontinuities, which would
influence the UCT measurement. The surface finish of the test
surface shall not exceed 0.4 um maximum.

15.4 To ensure thal no material is subsequently removed
from the test surface of the reference block, an official mark or
the thickness to an accuracy of £0.025 mm at the time of
calibration shall be marked on the test surface.

Copyright ASTH Iniemational
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ng.llc'l Zﬂmase Gohiatt impedanoe) hardness testing equipment with the data expressed

h
inViokers hardness numbers) from ILS 584 20 oy 34081 0:b 324 ot force

a slandard and certified hardness testing device per Test
Method E ML, Test Methods Ed 8»0t Test Method E3%4. Make at

heblogk shall bs gracked with (/) the arithmetic
meah of he hafditss valye$:uhd in the standardization Lest
sutfixed by the scale designation letter (for example HV, HRC,
HRB., HBW, HBS, etc.), and (2} with the name or mark ol the
supplier. If edge of block is marked. the lettering shall be
upright when the test surface is upward.

16. Verification

16.1 Check the UCT hardness-testing instrument by making
at least two measurements on a standard reference block of the
selected hardness scale.

16.2 The instrument shall be considered verified il cach
hardness reading falls within =3 % of the reference block
hardness value. Unverified instruments must not be used for
(esting. They should be repaired, if necessary, and be veritied
subsequently.

17. Keywords

17.1 portable hardness testing: superticial hardness; ultra-
sonic contact impedance (UCT); vickers diamond indenter
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APPENDIX
{Nonmandatory Information)

INES FOR SELECTION AND USE OF UCI INSTRUMENTS

X1. GUIDEL

TABLE X1.1
Load Model Features Typical Applications
%N standard length (manual) ve\aﬂve\y \avge indentation; requires minimal surface small forgings, cast material, weld inspection, HAZ

prepar:

4N standard length (manual) induction hardened or carburized machine parts, for
example, camshafts, turbine weld inspection, HAZ

extended length (manual) measurement in grooves, on gear tooth flanks and roots

short probe (manual) turbine blades, inside wall of pipes with @ >00 mm

ion-nitrided stamping dies and molds, forms, presses,
thin walled parts

98N standard length (manual)

extended length (manual) bearings, tooth flanks

short probe {manual} e ;Q{uceﬁ:dnh@ugd [d-0d kw«wm in sgwa(é bdusmg tutbine blades, inside wall of pipes with @ >90 mm

seees

oﬂd b

78N motor probe style et by B finished precision parts, gears, bearing raceways

thin layers, for example, copper of chromium on steel
cylinders;

copper rotogravure cylinders;

coatings, case hardened parts

3N motor probe sty

thin layers and coatings

Committee A0l has identifiey

(1} Added new bias information in 11.2.

ASTM international takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard, Users of this standard are expressly advised that determination of the vaiidity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibiity.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five yoars and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standerds
and should be addressed to ASTM Intemational Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical comittee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known o the ASTM Committee on Stendards, af the address shown below.
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(www.astm.org). Permission rights fo photocopy the standard may also be secured from the Copyright Clearance Center, 222
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