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Standard Test Method for
Leeb Hardness Testing of Steel Products’
This standard is issued under the fixed designation A956: the number immedintely following the designation indicates the year of

original adoption or. in the case of revision, the year of last revision. A tumber in parentheses indicates the year of last reapproval, A
suparsctipt epsilon (s) indicates an editorial change since the Jast revision or reapproval.

1. Scope

1.1 This test method covers the determination of the Leeb
hardness of steel, cast steel, and cast iron (Part A), including
the methods for the verification of Leeb hardness testing
instruments (Part B). and the calibration of standardized fest
blocks {(Part C). pod

Norte 1—The original title of this standard was “Standard Ten‘MeM
for Equotip Hardness Testing of Steel Products.”!

1.2 The values stated in inch-pound units are té belidgarde
as standard. The values given in parentheses are ppathematical -
conversions to ST units that are provided for infarpdation only

shaped tungsten carbide, silicon nitride, or diamond tipped
impact body, multiplied by 1000.

The Leeb hardness number i

followed by the symbol HL

;‘ with one or more suffix characters representing the type of
M .. rimpact device.
i 3.1.3 Leeb hardness test—a dynamic hardness test method

sing a calibrated instrument that impacts a sphericaily shaped
tungsten carbide, silicon nitride, or diamond tipped body with
a hmﬁv«lpclt) (generated by a spring force) onto a surface of

and are not considered standard. ;' N.::::E:{hc ﬁéifgqgl;ggglcl test. The ratio of the rebound velocity to the
1.3 This standard does not purport 1o addr f “hes 13 Vihpact $EIbEIGLSf the impact body is a measure of the hardness
wﬂ’r\' concerns, if any. : = 0:21(»«”'@5 e ma tf:p_vﬂ under test.

pri i[lf€ mﬁ:tv and healrh pmz 1
s
bility of regulatory limitations ]Jm)r fou

2. Referenced Documents

2.1 ASTM Standards:
691 Practice for Conducfmg A sl 'Imm?f%mm

Determine the Precision of a Test Method

3. Terminology
3.1 Definitions: .

p - Nexs
1 calibration—determination of the values cf %
nificant operating parameters of the instrument by compiris

with values indicated by a reference instrument or by a Set of

reference standards.

3.1.2 Leeb hardness number—a number equal to the ratio of

the rebound velocity to the impact velocity of a 3-mm or 5-mm
(based on the type of impact device) diameter spherically

U This test method is under the jurisdiction of ASTM Committee AUT on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommitize
ADLDS on Sieet Forgings and Billet

Current edition approved Nov. 1
approved in 1996. Last previous edition approved in 2006 as A956 —
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olume information, refer to the standard's Document Summary page on

3. l;—§ :,yfr?ﬁz'e Jinish—all references to surface finish in this
test apetird are defined as surface roughness (that is, Ra =
avérbgbioughness value, AA = arithmetic average).
2*3.1.5 verification—checking or testing
, ensure conformance with this testpethod.

: I3 Tt
4. S\lmmary:dﬂ"l‘est Method' f o

4.1 Du'ﬁfag"'l hardness test mampact body with a spheri-
cally shaped tung'sgglg carbide, 9i c_qn nitride, or diamond tip
impacts under spring force, *the” tést swrface from which it
rebounds. The impact and rebound velocities are measured
when the impact body is approximately I mm from the test
surface. This is accomplished by means of a permanent magnet
mounted in the impact body which, during the test, moves
through a coil in the impact device and induces an electric
voltage on both the impact and rebound movements. These
induced voltages are proportional to the respective impact and
rebound velocities. The quotient of these measured voltage
values derived from the impact and rebound velocities, multi-
plied by the factor 1000 produces a number which constitutes
the Leeb hardness value.

the instrument to

5. Significance and Use

5.1 Hardness of a material is a poorly defined term that may
have many meanings depending on the type of test performed
and the expectations of the person involved. The Leeb hardness
test is of the dynamic or rebound type, which primarily
depends both on the plastic and on the elastic properties of the

PA 10428-2050. Untad States
1
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material being tested. The results obtained are indicative of the
steength and dependent on the heat treatment of the material
tested.

52 The Leeb hardness test is a superficial determination
only measuring the condition of the surface contacted. The
results generated at that location do not represent the part at
any other surface location and yield no information about the
matertal at subsurface locations.

A, GENERAL DESCRIPTION OF INSTRUMENTS
AND TEST PROCEDURE FOR LEEB HARDNESS
TEST

6. Apparatus

6.1 The instrument used for Leeb hardness tedting consists

of (/) an impact device that is equipped with & s bpherically
shaped tungsten carbide, silicon nitride, or squnegxgél.u.mond
tipped impact body, an induction coil Y&IDRIY: ahddduring
assembly, and a support ring, and (2) znmlec!romu-dwlml
display hardness indicating device, 3383+

iall b

measured value. It is recommended that the test surface be
machined or ground and polished to the following finishes.
(The grinding wheel grit size shown for each finish is offered
for guidance in achieving the finish noted.)
Surface Firish—Ra

Impact Device Grit Size (Approx.)

{max)
D, DG, D415, 63 yin. {2 ym) 200
DL S E
G 250 pin. (7 ym) 65
c 18 pin. (0.4 ym) 500

7.5 Magnetic Fields—Performance of the Leeb hardness
test on parts with a residual magnetic field may affect the
results. It is recommended that any residual magnetic field be
less than 4 G.

7.6 Vibration—Vibration of the test specimen may affect the
results of the Leeb hardness test. It is recommended that this
test be performed with the test piece at rest.

7.7 Temperature—The temperature of the test piece may
affect the results of the test. In addition, this effect may be
different for ditferent materials. Testing to this procedure shall

0.2 impact Devices—There are elth‘ types of impact dgps st ihe performed with the temperature of the test piece between

vices used in Leeb hardness testing. 'I:nese are the sl DC,

e HQE U4C) and 100°F (38°C). At temperatures outside this

D+15, DL, G, C. S, and the E impact uriits, Bui¢f defetiptions * iobie} the user shall develop a temperature correction for the

of the types of devices and their qqnlmiﬁ3"§|§éé:iégg;g-;-
given in Appendix XI. PEOPI AN

0E mterial being tested.

.“... Seeet I
tir aneass ':V ificati f Apparat
6.3 See 8.1.1 when using .g:lmumﬁ e components., §§ 473~ crincation of Apparatus
113244504 seesat'8.1 Verification Method—Prior to each shift, work peried, or
7. Test Piece :ESE E:' EE;S E E 4- 32 "use, and following a period of extended continuous use (1000

ey tieves

7.1 Form—The Legt 3i8ness test is heddgtable for s,
cast steel, and cast iron 3991 3tying shapei abd sizes.

7.2 Thickness and Welgh Thé.dﬂcknﬁxﬁ"lnd welghl bf the
test picce shall be considered When sel thei
to be employed. The following gmdqjmqa args mtj?d as
minimum weights and sizes of test plm. fdu Sildding the
proper test equipment. Test pieces of We!hht\%'
minimum or pieces of any weight with sectiops ,lpis than the
minimum thickness require rigid support and doupling to a
thick, heavier non-yielding surface to resist 1he\impacl of the
device. Failure to provide adequate support and coupling will
produce test results Jower than the true hardness value.

ice

impact Device Weight (min) of Thickness {min)
D, 0G, Dst5, 1510 (5 kg) s In. (3 mm)
oL S E
a 40 1b (15 kg) % In. {10 mim)
c 410 (1.5 kg) Yz in. (1 mm)

7.3 Curvature—Test pieces with curved surfaces may be
tested on either the convex or concave surfaces providing that
this radius of curvature of the specimens is matched to the size
of the support ring and is not less than 2 in. (50 mm) for the G
impact device or [¥e in. (30 mm) for other impact devices.

7.4 Surface Finish/Preparation—The test surface shall be
carefully prepared to avoid any alterations in hardness caused
by heating during grinding or by work bardening during
machining. Any paint, scale, pits, or other surface coatings
shall be completely removed. The surfaces to be tested shall be
smooth. Failure to provide adequate surface finish will produce
questionable test results. Coarse finishes will tend to lower the
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impacts), the instrument shall be verified as specified in Part B.
Any.n\s}mmem not mééhhg the requirements of Part B shall
not bc employed for 1116 dctept(xm.e testing of product.

. iij f ’Cdmmn‘nygmje‘ When replacement parts are used in
4 "L388, hardness lést'ec'st is important that they be fully
compdnble swvith the m\xguml equipment, otherwise incorrect
hardness leadmg< may bé obtained. Calibration using a single
standard test block may indicate acceptable results, but addi-
tional calibration tests using blocks of differing hardness may
yield ptable results. If repl . non-original equip-
ment parts are used, multiple block calibration verification is
strongly advised. Specifically, one calibration block of a
hardness equal to or lower than the minimum expected
hardness of the material being tested, one calibration block of
a hardness equal to or greater than the maximum expected
hardness of the material being tested, and one calibration block
near the middle of the range should be used.

9. Procedure

9.1 Test Method—To perform a hardness test, the impact
device is connected to the indicator device and the instrument
is turned on. The impact deviee, while not in contact with the
test piece, is held firmly with one hand and the charging tube
is depressed with the other hand until comtact is felt. The
charging tube is allowed to slowly return to the starting
position. The impact body is now in its loaded or locked
position. After placing the impact device on the test surface,
trigger the impact body by exerting a light pressure on the
release button. The Leeb hardness value is read on the indicator
device.

MIT Libraries (MIT Libraries) pursuant to License Agreement. No fusther reproductions authorized.
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9.2 Alignment—To prevent errors resulting from
misalignment, the base support ring of the impact device shall
be held snugly and perpendicular to the surface of the test
piece.

9.3 Impact Direction—The impact device is calibrated for
the down vertical impact direction (perpendicular to a horizon-
tal surface). For other impact directions such as 45° from the
horizontal plane or from undemeath, the measured hardness
values will require adjustment (see 10.2). Some newer models
automatically compensate for test direction.

9.4 Spacing Indentations—The distance between any two
impact points shall not be less than two diamgters edge-to-
edge. The distance between the impact point apid aygpecimen
edge shall not be less than three diameters, gglg;*tpﬁgdge Neo
point shall be impacted more than once.

5 Reading the Leeb Instrument— H’.ug:(ms ‘«‘Lluiﬂ m Leeb
units are read directly on the electronic igplay of the mdl ator
device, The indicated value is dutmnd!ll‘:‘ﬂt\’ replaced with me.
next test impact result.

9.6 Numlu'r of . Impzu f5—Five unpacm in an,‘ﬂea}&%ﬁ' e
mately 1 in.% (645 mm?) shall constitite é.lk&idf’(hh'l’ha}éﬁil’
being tested is considered -to-bc mm‘hp;\:m' enzaus (t(n
example, ¢

constitute a test.

1. Calenlation of H,mmé$ Result
10.1 The hardne:

cw'i;fe;ﬁftmlll be 356 Yithmetic aterage
of the five individual impdovmd!ngs in the Heasuripglarea.

102 Compensation for Tost Dzraflan—When.d@hg an
Leeb instrument without automatic tmfensatml;«‘m test
direction, the compensation value for dirtibeqiiest fmpact is
to be subtracted from the average valld MdEihiléd for the
measuring area. This compensation value cihRg Setermined in
accordance with Tables 1-8.

11. Conversion to Other Hardness Scales or Tensile
Strength Values

11.1 There is no direct correlation between the Leeb hard-
ness test principle and other hardness methods or a tensile
strength test. All such conversions are, at best, approximations
and therefore conversions should be avoided except for special
cases where a reliable basis for the approximate conversion and
the accuracy of the conversion has been obtained by compari-
son testing. No conversions shall be employed without specific
agreement between the party specifying this test method and
the party performing the hardness test

12. Report

12.1 Repert the following information:

12.1.1 The average Leeb hardness number for each test area
with the impact device indicated (for example, xxx HLD or xxx
HLD+15)

12.1.2 When hardness values converted from the Leeb
number are reported, the instrument used shall be reported in
parentheses, for example, HB ( HLG).
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iron) ten xmpqcls‘m shEaase spall be made ®

TABLE 1 Compensation Values for Other Impact Directions:

Device D

R R

300
- -12 20 -20

50
-5 -2 -19 27

400
5 Rl -18 -25

450
5 -10 -17 24

500
5 -10 -16 22

550
-4 -9 -15 20

600
-4 -8 14 -19

650
-4 5 13 18

700
-3 7 -12 17
3 - -1 -16
-3 - -10 -15
2 5 9 14

2 Compensation Values for Other impact Directions:
Device D + 15

rs Cevay
Wi A T
e feeed
Gk ity
a0 RS 2 %
L3030 tiee 133
oot oas 25 -36
400
5 Az 23 34
450
% 2 22 32
500
- -t 21 -30
550
-6 B -20 28
600
5 10 -19 27
850
5 10 18 25
700
5 -9 A7 24
750
-4 EJ 16 22
800
-8 15 21
850
E 14 -20
900

13. Precision and Bias

13.1 Precision:

13.1.1 Interlaboratory Test Program—An interlaboratory
test program was conducted in accordance with to develop
information regarding the precision of the Leeb hardness
measurements, Eight laboratories tested five certified test
blocks. Each laboratory measured the hardness of each block
25 times.
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TABLE 3 Compensation Values for Other Impact Directions:

TABLE 5 Compensation Values for Other Impact Directions:

Device E Device G (Steel)
R N T T
300 300
5 9 -18 26 -12 -18
350 350
-4 -9 -7 24 Rl -17
400 400
-4 -9 16 22 -1 -16
450 450
-4 -8 -15 -2 -2 5 10 15
500 500
-4 -8 A4 -20 2 14
550 550
-4 R A8 18 2 -18
800 600
3 7 A2 R 12
850 650
3 7 -12 -8 -1
700 700
-3 R A, 7 -10
750 saes 750
kS - 10 13382
800 j3344 e
3 5 9 i e i
850 bl * 1+ TABLE 5 Compensation Values for Other impact Directions:
2 5 - i, Device G (Grey Cast Iron)
900
e ¥ -t A T
ceeradt ooy
iisrel aad
syessll ais
TABLE 4 Compensation Values fol Lihar lmgaa
Device k8323 (3350 1 a7
T TEeea e T ey
° » 4 o )*! : -1 16
o Vs cersr 2 -1 -15
350 W H
7 ot s 9 14
400 550,557
7 14 . Terees, ] -13
450 I3 600 e¢  ws
7 -13 bt Tt T
500 194
B 13 e
550
8 12 . e
500 13.1.3.1 The terms in 13.1.3 (repeatability limit and repro-
-6 -1 dueibility limit) are used as specified in Practice E6%1. The
%0 - o respective standard deviations among test results, related to the
700 above numbers by the factor 2.8, are:
s -0 Standard Deviation = 1.6 %
750 “ o ity Standard Deviation = 3.2 %
800 13.2 Bias—Since hardness is not an intrinsic property of a
650 -+ € material, there is no basis on which to determine or assign an
-4 7 accepted reference value. Consequently, there is no basis for
900 defining the bias of this test method.
3 )
950

“ Not permmitied.

13.1.2 Test Result—The precision information given below
is the average of the five certified test blocks, each of a different
hardness.

13.1.3 Rep

95 % Repeatability Limit {within laboratory) = 4.4 %
95 % Reproducibillty Limit (between laboratories) = 8.8 %

bili 7

and Rey ibility:
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B. VERIFICATION OF LEER HARDNESS
INSTRUMENTS

14. Scope

14.1 Part B covers the procedure for verification of Leeb
hardness instruments by a standardized block method.

15. General Requirements

15.1 Before a Leeb hardness instrument
instrument shall be examined to ensure that:

is verified, the

MIT Libraties (MIT Libraties) pursuant to License Agreement. No further reproductions authorized.
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TABLE 7 Compensation Values for Other Impact Directions:

16.2 The Leeb hardness instrument shall be considered

Device DL verified if the mdividual readings fall within +6 HL units of
Low e —f /& T the reference value. Any instrument not verified shall not be
used for testing without repair and re-verification.
550 C. CALIBRATION OF STANDARDIZED HARDNESS
00 3 ° s 18 TEST BLOCKS FOR LEEB HARDNESS
3 s 0 14 INSTRUMENTS
e%0 2 5 8 13 17. Scope
0 2 N 4 " 17.1 Part C covers the calibration of standardized hardness
750 test blocks used for the verification of Leeb hardness instru-
2 3 ments,
800
1 2 18. Manufacture
850
1 -2 18.1 Each test block shall be made of steel with dimensions
900 . 2 not less than 3% in. (90 mm) in diameter by 2% in. (54 mm)
250 thick for impact devices D, DC, D+15, DL, C, 5, and E and 434
e oaesip. (120 mmy in diameter by 2% in. (70 mm) thick for impact
b . :: e Mice G. The two opposite end plane surfaces shall be parallel.
TABLE 8 Compensation "Sgﬁ;“;’ Othér '"‘P““"‘““ﬁ“‘ ‘::::m:,Em block shall be specifically prepared and heat
':" B .”é to give a specific bardness and the necessary homoge-
L s o £36467 and stability of structure.
[ o4
,3e333'18.3 Each steel block shall be demagnetized by the manu-
400 ‘::Eis'ﬁc!\u’er and maintained demagnetized by the user.
5o 8,31 184 A non-test surface of the fest black shall have a fine
22 groungl, finish of 250 L,lm (7 pm) maximam,
500 .
o 'E’ I be polished or fine ground and
550 : fred p¥eratches and BHde discontinuities which would influ-
500 sg E-m:;'ﬂ\.e rebound g:jmrqqlﬁnsncs of the test block.
650 rig . 1186 Thb surface msh .Qf the test surface shall not exceed
16 16 pin. (0.4 pm) makifoum,
o a5 18.7 To ensure that no material is subsequently removed
750 from the test surface of the standardized test block, an official
-14 mark or the thickness to an accuracy of *0.001 in.
800 3 5 9 12 (£0.025 mm) at the time of calibration shall be marked on the
850 test surface.
2 5 8 l
900 19. Standardizing Procedure
950 2 ® 7 o 19.1 The standardizing hardness test blocks shall be cali-

15.1.1 The batteries in the indicating device are not
discharged, and faulty batteries are replaced as required.

15.1.2 The impact device is clean, and the spherical tip of
the impact body is free from all foreign matter (for example,
dust, dirt, grease, scale, etc.).

15.1.3 The tip of the impact body is free from cracks or
deformed areas.

15.1.4 The test block is placed on a clean, level, fumly
supported base.

16. Verification by Standardized Test Blocks
16.1 Check the Leeb hardness instrument by making two
impacts on a standardized test block.

Copyright by ASTM Infl (all rights reserved), Tue Jan 13 23:48:34 EST 2015
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brated with a Leeb instrument for which the operational
characteristics have been certified by the manufacturer and
which has been verified in accordance with the requirements of
Part B.

19.2 Make ten randomly distributed hardness impacts on the
test surface of the test block.

19.3 Take the arithmetic mean of all of the readings as the
mean hardness of the test block.

20. Uniformity of Hardness

20.1 Unless the difference between the largest and the
smallest of the ten readings is less than 13 Leeb units, the block
cannot be regarded as sufficiently uniform for standardization
purposes.

21. Marking
21.1 Each block shall be marked with:

MIT Libraties (MIT Libraries) pursuant to License Agreement No further reproductions authorized.
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21.1.1 Arithmetic mean of the hardness values found in the 22. Keywords
standardization test suffixed by the scale designation letter (for
example, HLD).

21.1.2 The name or mark of the supplier.

21.1.3 The thickness of the test block.

22.1 dynamic hardness test; Equotip; Equotip hardness test;
Leeb: rebound hardness test

APPENDIXES
(Nonmandatory Information)

X1. STANDARD SINGLE COHL REBOUND HARDNESS

TERS ACCORDING TO THE LEEB PRINCIPLE

X1.1 General Description :;. i, X1.1.3.2 The shape of the induction voltage signal, which is

XI.L.1 There are eight established types of nﬁpééfil’énces determined by the velocity versus time curve on the one hand

for rebound hardness testers according to thetBesh agndiple: and by the characteristics of the sensor coil and the permanent
D, DC, E, D+15, DL C . S, and G. The impdd3ddvitdi Diing  magnet on the other hand.

E have become industry standards for gelmx! purpose ‘ﬂééliv X1.1.4 For the standard single coil rebound hardness testing
cations since the first introduction of the D¢lp¥ice in 1975.Fhe _dgvices, a typical induction voltage curve is sketched in Fig.
other types have been added with the uxneﬁm\ppluannm withe : + 130G 2 cwhere the shape of this curve is unique for all impact
special requirements. For more details, see"ﬁ i Sdey

13e, "iideviceheof this type. The impact and rebound velocities are

X112 1t is well known that the L sreadifis .ﬁu:igééﬁ;. 243900883 be proportional to the extreme values A and B of

specimen differ significantly, dept’.mﬁhg'ﬂn.thk'ﬁipﬁéh& et the. n:gaiﬂ curve, which is a good approximation, if the device
type used. The main reasons for Al b re: ,_:;:;;”_ : y sonslructcd s0, that the extremes are near the signal step
X1.1.2.1 Different impact ﬁ‘F;glF* .... i .: ,.Cd\j;éd by the impact. If they are too near, however, the
X1.1.2.2 Different sizes ard Iﬁdter&M ‘dt‘ﬂwk.indemer and | ..:chmducxblhtv of the measurement suffers, because the signal
X1.1.2.3 Different stiffresiss of the lm;gao(-badles L e+ +1s often disturbed short after the impact. The width of the signal
. eyesee aers ’ curve has some influence on the result, because it determines,
N Xl'l"%‘ One m\portanba‘éyzgqtgxg.e‘?f rlx‘e E”b fosting method 15, gond: the pmpomondlny. between minimum value & and
is, that it can be used fof 340y ,du;-cunh Z'fﬁe results; e, rebouncx Yelocity is.
however, not completely inddgédddit on th tnpact, .mgle 1494
Each of the standard probes has ifs’own characténistic ghetion
dependency, which is determined by: ::: . i ":‘

X1.13.1 Tlxc mmbmdtmn ot the lmpﬁ

X,l,‘l" “Another pqmc’%ﬂ':of paramount importance deter-
mining thé actual L Valudidbl a material of a given hardness is
the impact éﬁé;gy wl\ithfc?liqus from the impact velocity, the
mass of the impact body, and its stiffness (which determines
how much energy the impact body absorbs). In order to
reproduce the standard direction dependency, it is necessary to
specify velocity and mass separately and to have a specific free
flight length. This means that the impact energy in general is
the mest important parameter for significance of L-values for
all rebound hardness testers working i units of the eight
different standard impact devices listed in 6.1 and given in
Table X1.1. Furthermore, the L value depends on the geometry
of the indenter and its material properties, predominantly
hardness and elasticity.

X1.1.6 Finally, the effect of deceleration by eddy currents
may affect the result. So the tube material must be specified,
too, as well pecial precautions have to bee taken to reduce
eddy currents.

X1.2 Specifications of Standard Single Coil Hardness
Testers
X1.2.1 Table X1.1 compiles the relevant specification for
impact devices D/DC, E, D+15, DL , C, §, and G. Coil and
permanent magnet are not explicitly specified. They have to be

SRR chosen in such a way, that the specified parameters of the
SRR induction voltage signal are fulfilled. For the definition of some
FIG. X1.1 Impact Device D of the parameters refer to Fig. X1.2.

Copyright by ASTM Int} (al rights reserved); Tue Jan 13 23:48:34 EST 2015 ¢
Dovaloaded/printed by
MIT Libraries (MIT Libraries) pursuant to License Agreement. No further reproductions authorized.



Al ags6 - 12

FIG. X1.2 Prindiple of Standard Single Colit Leeb Hardness Testers

TABLE X1.1 Specifications of Standard Single Coil Leeb Hardness Testing Devices

Property Symbol __ Unit oDC s E D415 DL c )

impact velocity® Va mfs 205+ 1% 205%1% 205+ 1% 2.05 £ 1% 205+ 1% 1.39 2% 2.98 £ 1%

impact body, mass M g 545 + 0,05 5.45 + 0.05 5.45 x 0.05 7.80 £ 0,08 723 0,05 3.00 % 0,05 20.00 x 0,05
material: St 18/8,

nonmagnetic

Fres flight length H mm Bt 81 8xt 8zl 8t Bl 15t

Tube material:
aluminium, nonmagnetic

Eddy current slit yes no no yes yes yes no
Indenter, radius ] mm 15 15 1.5 15 15 15 25
material TCE i PKD® TC TC TC TC
hardness h HY 1600 {typ) 1600 (typ) 5000 (typ) 1800 {typ) 1800 (typ) 1800 (yp) 1600 (yp)
Induction signal, peak Bl ms 055 £0,15 0.55 £ 0.15 0552015 0552015 085%0,45 0622020 055015
position
half width at ms 25 30% 25430% 25 % 30% 2530%  25x80%  40x30%  20:30%

 Impact direction: vertical down.
BTC = tungsten carbide.
©PCD = polycrystaline diamond.
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3 Impact Direction Compensation

X1.3.1 Rebound hardness testing devices designed accord-
ing to the above specifications will not only give correct
readings for vertical downward impacts, but will a]so have a
characteristic dependency on the impact angle as shown in
Tables X1.2-X1.9

X1.3.2 Tables X1,2-X1.9 can be used for instruments deter-
mining only the velocity ratio in order to compensate the
readings manually for other directions than vertically down.
With microprocessor controlled instruments, the user may set
the impact direction and the instrument can determine and
display the appropriately compensated values aggomatically.
Instruments containing some means for determigdgg ths i m\p1c(
Anglc can make a hl]ly automatic dlrecuan dorhpe
inating the pos of ncorrect

eli

the user.

sibilit;

X1.4 Guidelines for Selection and Use.oﬂihe Dlﬁ'eren(
Tmpact Devices
Impact Device D

max. hardness
ceat {%Q%"%ZWI

TABLE X1.3 Impact Direction Compensations, Probe E

Le » - 2“ T

300
-5 -8 -18 -26

350
-4 -9 -7 24

400
-4 -9 -16 -22

450
-4 -8 -15 -21

800
- 8 14 20

550
-4 -8 -13 -18

600
-3 -7 -12 -17

850
-3 -7 -12 -18

700
-3 -8 -1 -15

- 750
-3 -8 -10 -14
-3 -5 el -13
-2 -5 -8 -12

up 1o 68 HRC
XL.4.1 The universal unit, fai e phaforieys oft
measurements with a wide meq:m:\g HDgE 1P

steel and cast steel, cold whikithbl ésH i34 ﬂe:s steel, cas'..u
dlloys“"

iron (lamellar and nndulnr 'Slﬂphlte) Ldgg :ni\gl:mnulm
brass, bronze, wroughty tbpp51 alloys Mg Mlloyed. Imphct
bedles tend to wear ou't.a‘t th.ﬁhgh end eﬁh
‘W‘@CDW@C ':::1:
direhgions
2085 mme 3
FERRSSY

Qpcmes
qp_plu ations

max. hardness
up 10 68 HRC

X1.4.2 Short impact device which has ilaa mma
and applications like the impact device D} Syeenl

300

kS -1z -20 -29
350

E -12 19 -27
400

-5 -1 18 -25
450

-5 -10 A7 24
500

5 -10 16 -22
550

-4 K -15 -20
500

- -8 4 -19
650

- -8 -13 -18
700

-3 7 A2 47
750

kS 4 - -16
800

E -5 10 -15
850

-2 5 -9 -i4
900
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TABLE X1.4 Impact Direction Compensations, Probe D+15

oy Y T
3.0
i 26 38
Tedso
ol 28 36
£ha00 UL,
23 -24
450
6 -1z 22 -32
500
-6 -t 21 -30
550
R Y -20 -28
800
-5 -10 19 27
650
5 -10 -18 -25
700
5 -9 A7 24
750
-4 -9 16 -25
800
-4 -8 -15 -21
850
-4 -8 -14 -20
900

in very confined spaces like holes, cylinders or measurements
inside of assembled machines and constructions.

Impact Device D+15
dimensions
¢ 20 x 162 mm

max. hardness

up o 68 HRC

X1.4.3 Same range of applications like D/DC but particu-

larity is slim front section which allows hardness measure-

ments in holes and grooves and on recessed surfaces (elongated
impact body and coil position 15 mm elevated).

MIT Libraries (MIT Libraries) pursuant to License Agreement No further reproductions avthorized.
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TABLE X1.5 Impact Direction Compensations, Probe C

Le > —
300

-7 -15
350

7 14
400

-7 -13
450

B -13
500

3 -12
580

8
800

5
830

B
700

4
750

4
800

4
850

-3
200

3
It
eiiaar o ily
TABLE X1.6 impact Direction Crﬂ\eﬂs&ﬁm

Lo
300 o
2 8 1%
350 F324d
2 17%iass
40 Seoaiitye
2 HEt o
450 T
-2 i
500 RESe444
2 5 -9 Teilia
550 N
2 5 -9 13
600
-2 5 -8 12
550
-2 5 -8 -1
700
-2 5 7 -10
750
impact Device G
max. hardness dimensions
up to 646 HB © 30 x 254 mm

X1.44 Increased impact energy (approximately 9 times of
that for the standard impact device D). Application in the
Brinell-range on heavy coarse grained castings and forgings,
on steel and cast steel, cast iron (lamellar and nodular graphite)
and cast aluminium. Requires less surface finish than impact
device D for accurate readings.

impact Device £
dimensions
© 20 x 185 mm

max. hardness
upto 72 HRC

X1.4.5 Spherically shaped synthetic diamond (approxi-
mately 5000 HV) tipped impact body. Same materials to be

Copyright by ASTM Int (all rights reserved), Tue Jan 13 23:48:34 EST 2015
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TABLE X1.7 impact Direction Compensations, Probe G, Cast

Materials

Le ¥ -t /x T

350
2 -5 -1 17

400
2 5 Rl -18

450
2 5 -10 -15

500
2 5 -9 14

550
-2 5 2 -13

-3 -6 -1 -18

-3 -5 -10 -14

2 -5 -9 -13

-2 -4 -7 -12

2 -3 -8 -10

-2 .?_»3~ -5 -9

e 2 H -4 7
%00, i Cawarlt

Teraes -2 enmr a2 -3 -6
950t N, Mt
T . Tetees

tested like standard D unit but at extended hardness range.
Applications for measurement in the high end range, for
example, on steel and cast steel, stainless steel, cold work tool
steel with carbide inclusions and on rolls in the hardness range
up to 1200 HVY. Impact bodies show no wear even at high
hardness levels when compared to D device.

impact Device C
dimensions
@20 x 141 mm

max. hardness
up to 70 HRC
X1.4.6 Reduced impact energy (approximately Vs of that for
impact device D) and therefore covers slightly wider hardness
range than device D. Applications on surface hardened
components, coatings. Min. layer thickness of 0.3 mm. Appli-
cations on walled or impact sensitive components (small
measuring indentation) too. Measurements on steel and cast
steel, cold work tool steel and cast aluminium alloys. Requires
better surface finish than impact device D.
impact Device DL
dimensions
20 % 202 mm

max. hardness

up io 68 HRC

X1.4.7 Same range of applications like D+15 but has the
speciality of slimmer front section (¢ 4 x 50 mm) for use in
spaces and at the base of grooves, drill holes, and

MIT Libvaries (MIT Libraries) pursuant fo License Agreement. No further reproductions aufhorized.



TABLE X1.9 Impact Direction Compensations, Probe §

e Y - )* T
400

-4 9 -16 -23
450

-4 -8 -15 =22
500

-4 8 14 21
550

-4 -7 -13 -13
600

-3 -7 -12 -18
850

-3 -7
700

-3 -8
750

-3 -8
800

-3 5
850

-2 -5
900

-2 5
950

.
X2. GENERAL DESCRIPTIgH
it
i

X2.1 Scope

X2.1.1 The pnented l’tﬂi(ﬂﬁd ethod b}/'mamkmmel. isa
further development of the ‘Shgirial thech Mok (see Appon-
dix X1). The measurement readings s detegt mmcql by thesatter
method are erroneous due to gmvmuoxml.&melelc\uﬂli Al are
not independent of direction. The resulth? it doréfore be
correspondingly corrected. This disadvantage s QQ{ gppm‘em in
instruments which operate according to thé ﬂifddtkhxmu re-
bound method. R

X2.1.2 The direction-dependence of the mcasu‘rement read-
ings result essentially from:

X2.1.2.1 A kinematic error caused by gravitational force
and tion (at the measurement location ¢, resp. 1), if not
measured within the impact time £y, (refer to Fig. X2.1): and

ult) primaty

t ?I‘armfszgn&l

%/\
v

oty g
d

t tdy
0 e fmpact ime

FIG. X2.1 Schematic Voltage Signal Generated By the Impact
Body Travelling Through the Krautkramer Coil System

Copyright by ASTM Intl (all rights reserved); Tue Jan 13 23:48:34 EST 2015
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Impact Device §
dimensions
& 20 x 185 mm

max. hardness

up to 70 HRC

X1.4.8 Spherically shaped silicon nitride (approximately

1600 HY) tipped impact body. Same materials to be tested like

standard D unit but at extended hardness range. Applications

for measurement in the high end range, for example, on steel

and cast steel, stainless steel. cold work tool steel with carbide

inclusions and on rolls in the hardness range up to 1200 HV.

Impact bodies show minimal wear even at high hardness levels
when compared to D device.

X2.1.22 A change in the effective, influencing energy
dependihig on the pwi{i?}fﬁi&p. direction being applied.

X21L.3: The first effett 4§ avoided by evaluation of a time
ﬂgm‘ Sorrelated with ocadion information of the impact body.
Itig pf ddv'lm gge to cur@ge'tlk: impact body (magnets) and the
c6il so that e tmpact $igd%s well as the rebound signal uses
at least two zero transitions (in this case 3) of the induced
voltage as support points for the evaluation of the curve. The
complete curve is digitized for evaluation and mapped into the
instrument’s memory.

X2.1.4 The second effect is compensated by calibration of
the impacting device in the various application positions and at
various degrees of hardness.

X2.2 General Pescription of Instruments and Test Proce-
dure for Leeb Hardness Test According to the
Krautkramer Instrument

X2.2.1 Compensation of Kinematic Error
X2.2

.2.1.1 The signal curve according to Fig. X2.1 is pro-
duced during the impact and rebound trip of the impact body,
using the sophisticated coil arrangement outlined in Fig, X2.2
The primary part of the curve (index prefixed with “07) is
produced by the impact and the secondary part of the curve
(indicated with the prefix “1”") by the return trip. The moments
o1+ Zgas Loa correspond to £y, £, By, that is, at these times the
impact body is correspondingly at the same position x(fy) =
A(F), also x(fy;) = 2y, ) Xig) = A(fy5) and x{fe) = 4(f3).

X2.2.1.2 Using the magnetic flow through a coil with the
surface A:

MIT Libraries (MIT Libraries) pursuant to License Agreement No further reproductions authorized
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ut) primary

secondary

& srarmfs:gq N
v

where:
B{rt} = magnetic field,
t time, and

position.

r =

X22.1.3 The time progression of the coil voltage can be
calculated:

wlr) = c(x())v{1) (X2.2)
where:
efx{t) = function of the position of the impact body, and
v} = velocity of the impact body.

X22.1.4 The ratio of the voltage at the moment of impact
mast be found, that is:

¥i(0)

B= A

v{0)

X22.1.5 Using the reproduction law £,(%;) produces x(#;) =

x(t4(5)) also at the same position as co(fy) = cl(f(f,)) which in

turn produces:

ulty 1)) _ b)) vl () _ viry(te))

Talte) T el o) vits)

X2.2.1.6 The ratio of the induction voltage:

same o

(X2.3)

() _ #((15))

= vts) (X2.4)

therefore the
the ratio of the velocity to the corresponding times.
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FIG:.:)‘B'?_beslgn of the Kraukramer Imgact Device D
T
1
o

11

aate SEa TN
bi%sad
XZZ:.IJ Three cu-rwe— smte for the reproduction law #,(1y)
can Qe foﬂ(lgi after detenggrmon of the zero points from the
méasurement”$ignal. THe thlaplete reproduction law is ob-
tained by interpolation between these curve points so that the
corresponding amplitude value u(z;) can be allocated to each
voltage value u(f,;) enabling the velocity ratio (except at the
zero positions themselves) to be caleulated. Finally extrapola-
tion takes places at the required impact time. The starting point
is the ratio 1, / f, which corresponds to the uncorrected
measurement reading according to Leeb (see Appendix X1).
X2.2.1.8 The method guarantees a considerable tolerance
with regard to the characteristics of the impact device enabling
exchange of the impact body without any difficulty and without
having to recalibrate the instrument. Only the mass must be
kept within narrow tolerances. As opposed to this, the position
of the zero points, and to a certain amount also the minimum
at 1, vary (magnetic field geometry) without causing any
incorrect readings worth mentioning about.

X222 Correction of the Impact Energy at Different Impact
Directions and Production Tolerances of the Impact Devices

X2.2.2.1 The impact devices are calibrated in order to
compensate the dependence of the velocity ratio on the impact
energy as well as the differences in the mechanical design of
the impact device. To do this, the rebound values are measured,
as described above, on two hardness reference blocks having
different, known hardness values. Three measurements are
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made for each of the five impact directions, +90° (vertically X2.2.2.3 H the measurement produces an uncalibrated hard-
downwards), +607, 0% (horizontal), ~60° and ~90° (vertically ness in Leeb according to see Appendix X1, then the corre-
upwards). In addition to the harduess, the time interval Az sponding gradient of the correction lines are determined by
between the zero transitions Zy; and fo; is recorded in units  linear interpolation of the gradient established during the
having Y&« scanning steps (approximately 0.7 us). Thi a calibration process.

measure for the velocity of the impact body: high velocities
correspond to small Az, lower velocities to large Ar. Owing to
the different orientations during the measurement sequence,
one obtains complete coverage of the impact energy range tion). Both effects lead to a change in impact cnergy.
occurring when in operation. I

X22.2.2 The difference Ah between the uncalibrated, TKI*:'!‘ Furthermore, small differences, caused by production, in po-
sured Leeb hardness and the prespecified reference hﬁmks:"'&““"l energy of the impact body in the tensioned state are
hardness against Af is plotted for all measurement poipts 9:"6:::'&;Qmpensmcd Whereas the information about the required
both the resulting relationships are corrected by straigi §oes. ..."élncny correction is essentially contained in the line gradient,
The gradients of the correction lines are stored in l}ﬁ‘:s'uerml Qevmtlon\ of the probe’s mechanical characteristic:
EPROM in the impact device together with the refergiiblock ﬂﬂ") reﬂw&%d in a vertical shift of the curve.

hardness and the position (Afy, Ahy) of the mter\ect{qn pomm

of both lines.

X2.2.2.4 The dependence of the measurement reading on
the changed friction is, within certain limits, also taken into
congideration (in addition to the dependence on impact direc-
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