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INTERNATIONAL

Standard Test Method for

Leeb Hardness Testing of Steel Products’

This standard is issued under the fixed designation A956/A956M: the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (g) indicates an editorial change since the last 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 standz;rglgz.ed test
blocks (Part C). Lot
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Note 1—The original title of this standard Waq Star&lmﬂ:&ﬂ:l\getlzcﬁ‘

for Equotip Hardness Testing of Steel Products.”
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1.2 The values stated in either ST units ¢ §ikdrpound®dilifs
are to be regarded separately as standard. T $8lues stated
each system may not be exact equivaler:ti,: therefore, each
system shall be used independently of the other, Comblmn.g

LI

values from the two systems may result in non- ~CONfOBMARGTs o

with the standard.
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1.3 This standard does not pugill o e QUL UL

safety concerns, if any, associdiedswithe ¥§ sidses (255" the
responsibility of the user of Y& Skindadd 3¢ L3&dlish appro-
priate safety, health, and e&visanmental p?&c!ﬁc’ei and deter-

mine the applicability of ﬁg’xﬁlfazo'rv Timitadens prior to use.

1.4 This internationals stamélard was d@\é@fl@p&l in accor- -

dance with mtematmm-ll.w-mw(gmzed przm,plev- e standard-
ization established in he s Deemeon on gqrmaples for rhe
Development of Imemanmmé Sfmmds Gmdw tmd Remm-
mendations issued by the Worlt*Frade Orggmzanqﬂ Teglzrgzgql
Barriers to Trade (TBT) Committee.

2. Referenced Documents
| ASTM Standards:*
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Determine the Precision of a Test Method

3. Terminology
3.1 Definitions:

"This test method is under the jurisdiction of ASTM Committee AO1 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.06 on Steel Forgings and Billets.

Current edition approved Sept. 1, 2017. Published September 2017. Originally
approved in 1996. Last previous edition approved in 2012 as A956 — 12.

Leeb and Equotip are registered trademarks used with permission of Proceq SA.
DOI: 10.1520/A0956_A0956M-17.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary pageon
the ASTM website.

3.1.1 calibration—determination of the values of the sig-
nificant operating parameters of the instrument by comparison
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 0.118 in.
[3mm] or 0.197 in. [5 mm] (based on the type of impact
device) diameter spherically shaped tungsten carbide, silicon
nitride, or diamond tipped impact body, multiplied by 1000.

Rebound Velocity

- Impact Velocity X 1000
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*[seep hardness number is followed by the symbol HL

...;.....

with dng s apipre suffix characters representing the type of
dmpatg ﬂe‘tibé '

) loi -Ie@eb hardness test—a dynamic hardness test method
usuga cahbrated instrument that impacts a spherically shaped
tungsgen carblde silicon nitride, or diamond tipped body with
‘erﬁxed' velocity (generated by a spring force) onto a surface of

N ]

-
L

ke material under test. The ratio of the rebound velocity to the
impact velocity of the impact body is a measure of the hardness
of the mater,ia]: under test. ‘et

oo .i

314 surface Jinish—all referenee's to surface finish in this
test method' are defined as sugf.ag(: soughness (that is, Ra =
averag(e'mpghgess value, A4 ¢ gu;tpmetlc average).

3.1 Sc\ienﬁcasmm—checkmg 015 te%tmg the instrument to

ensure conformance with thisstest method.

4. Summary of Test Method

4.1 During a hardness test, an impact body with a spheri-
cally shaped tungsten carbide, silicon nitride, or diamond tip
impacts, after being propelled to the specified velocity, the test
surface from which it rebounds. The impact and rebound
velocities are measured when the impact body is approximately
0.039 in. [1 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, multiplied by the factor 1000 produces a
number which constitutes the Leeb hardness value.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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5. Significance and Use minimum weights and sizes of test pieces for selecting the
proper test equipment. Test pieces of weights less than the
minimum or pieces of any weight with sections less than the
minimum thickness require rigid support and coupling to a
thick, heavier non-yielding surface to resist the impact of the
device. Failure to provide adequate support and coupling will

produce test results lower than the true hardness value.

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
material being tested. The results obtained are indicative of the

strength and dependent on the heat treatment of the material Impact  Minimum Mass  Minimum Mass  Minimum Minimum
tested Device without with Thickness Thickness
ested. Rigid Support  Rigid Support  (Uncoupled) (Coupled)

5.2 The L hardn i rficial rmination

> ¢ .eeb ard €ss test 1s a superficia dete atio D, DC, D+15, b 15 k b2 k 0.984 in. 0.118 in.
only measuring the condition of the surface contacted. The pL s g 1105kl 441b(2kg] 25 mm] (3 mm]
results generated at the}t Iocatloe do noF represept‘ the part at G 3311 [5kg 11.01b[5 kgl %sri ru:] ([)1.%9:q 'Lr:].
any other surface location and yield no informatipp,about the 0.394 in 0.039 in
material at subsurface locations. leeees ¢ 83 [15kel 03b[05kal o [1 mm]

4850680000

7.3 Curvature—Test pieces with curved surfaces may be
tested on either the convex or concave surfaces providing that

A. GENERAL DESCRIPTION OF INSSEROUMENIES
AND TEST PROCEDURE FOR LEEE.I.U.&{I}FW

TEST Joeeee pD this radius of curvature of the specimens is matched to the size
pbdb R of the support ring and is not less than 1.969 in. [50 mm] for
6. Apparatus ceer “ the, & impact device or 1.181 in. [30 mm] for other impact

6.1 The instrument used for Leeb har@dss testing cqnsjsts * : . .e:\flfés. ..

of (1) an impact device that is equippell with g.phdidédily  * s dL3:$dFuce Finish/Preparation—The test surface shall be
shaped tungsten carbide, silicon nitride, or sﬁﬂtﬁéﬁd diaddidd o cABLULYS pcbared to avoid any alterations in hardness caused

tipped impact body, an 1nduct10n- co1l Veloehty « icasurnRg « - by JRéaling” during grinding or by work hardening during
assembly, and a support rlngy -and- Z2)‘an-eleetremc-argltal maeﬁnung Any paint, scale, pits, or other surface coatings
display hardness indicating de:/roeo secececee- l-be completely removed. The surfaces to be tested shall be

LB N4 A A EENE NN li..

6.2 Impact Devices—Theresart it elghi @55; of impact de- o+ sme)oth Failure to provide adequate surface finish will produce

vices used in Leeb h‘mc;ness -testmg These-are the D, DC --guestlonable test results. Coarse finishes will tend to lower the
D+15, DL. G, C, S. arrd-me-E impact um(g, -Bm@f descriptions "~ measured value. It is recommended that the test surface be
of the types of devices s their commen -ag)phcatlons are machined gr, ground and polished to the following finishes.

iven in Appendix X1 ides tHe ificationsfor (The grigQiht wheel grit sigg Showh for each finish is offered
S ppendix TRbls L proy U Ve for guiddiice,in achieving the find$h noted.)

the Leeb scales according %@ jmm tevice ‘tmg Lo POl reeTe
. sess a0 e . sSusface -Finish—Ra Grit Size
6.3 See 8.1.1 when using replacement machme COMPONENts. + simpack Device 100 I Yaax) (Approx.)
...\ LR N NN N4 LR} NN !'.‘C
7. Test Piece teeecsioence: D58 D415, Dlad & TBe7apine [2 pm] 200
LR N R N R NN R NN N ] i
7.1 Form—The Leeb hardness test is 2&S&3a0&s IS steel, g 125’ i'ii‘:.n[};[. 74 ﬂr:q]] 56050

cast steel, and cast iron with varying shape$ aad Sides.

Yoes0se

7.5 Magnetic Fields—Performance of the Leeb hardness

7.2 Thickness and Weight—The thickness andt {®ight of the
test piece shall be considered when selecting the impact device
to be employed. The following guidelines are offered as

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.

TABLE 1 Specifications of Standard Leeb Hardness Testing Devices

Property Symbol Unit D/DC S E D+15 DL C G
impact velocity? Va ft/s [m/s] 6.73 [2.05] 6.73 [2.05] 6.73 [2.05] 5.58 [1.7] 5.97 [1.82] 456 [1.39] 9.78 [2.98]
+5% +5% +5% +5% +5% +5% +5%
Impact body, mass M oz [g] 0.192 £ 0.002 0.190+0.002 0.192+0.002 0.273+£0.002 0.256+0.002 0.109+0.002 0.705 + 0.002
[5.45 £0.05] [540+005] [545=+0.05] [7.75+0.05] [7.25 £ 0.05] [3.1 +0.05] [20.00 + 0.05]
Indenter, radius R in. [mm] 0.059 [1.5] 0.059 [1.5] 0.059 [1.5] 0.059 [1.5] 0.055 [1.39] 0.059 [1.5] 0.098 [2.5]
material TCE SigN, PCD® TC TC TC TC
hardness h HV2 1600 + 100 1600 + 100 =45007 1600 + 100 1600 + 100 1600 + 100 1600 + 100
Maximum distance of H in. [mm] 0.079 [2.0] 0.079 [2.0] 0.079 [2.0] 0.079 [2.0] 0.079 [2.0] 0.079 [2.0] 0.118 [3.0]

ball indenter from the
test piece surface when
measuring velocity

A Impact direction: vertical down, in the direction of gravity.

2 TC & tungsten carbide.

c PCD polycrystaline diamond.

o The; hardness of the impact body E indenter is informational, not required to be verified.
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7.6 Vibration—Vibration of the test specimen may affect the 9.2 Alignment—To prevent errors resulting from
results of the Leeb hardness test. It is recommended that this misalignment, the base support ring of the impact device shall
test be performed with the test piece at rest. be held snugly and perpendicular to the surface of the test

piece.

7.7 Temperature—The temperature of the test piece may
affect the results of the test. In addition, this effect may be 9.3 Impact Direction—The impact device is calibrated for
different for different materials. Testing to this procedure shall the down vertical impact direction (perpendicular to a horizon-
be performed with the temperature of the test piece between  tal surface). For other impact directions such as 45° from the
39 °F [4 °C] and 100 °F [38 °C]. At temperatures outside this horizontal plane or from underneath, the measured hardness
range, the user shall develop a temperature correction for the  values will require adjustment (see 10.2). Some newer models
specific material being tested. automatically compensate for test direction.

9.4 Spacing Indentations—The distance between any two
impact points shall not be less than two diameters edge-to-

8.1 Verification Method—Prior to each shift, work period, of  ¢doe The distance between the impact point and a specimen
use, and following a period of extended conffdps use (1000 edge shall not be less than three diameters edge-to-edge. No
impacts), the instrument shall be verified as §fe3i&Sin Part B. point shall be impacted more than once.
Any instrument not meeting the requiremie S ¢RI B shall
not be employed for the acceptance teséidg bf'ﬁrﬁ)aﬁﬁﬂf

8.1.1 Cautionary note: When replaceme.ni parts.are aised in
a Leeb hardness tester it is 1mp01stant, <hat they %e fully
compatible with the original equ1pment; otherwise incorrect - « » YEXt test impact result.

LA NN N N

hardness readings may be obtained. Cahbratlon using a smgle: * 22286 Number of Impacts—Five impacts in an area of approxi-
standard test block may indicate acceptable respiise l_agt; gddie s 23 ptgely1 in.” [645 mm?] shall constitute a test. If the material
tional calibration tests using blocks of diﬂﬂmg:mdﬂ‘i$’fllﬂy : T DR ¥8sted is considered to be nonhomogeneous (for
yield unacceptable results. If replapempdf i3 st $28id* |, &2dddle, cast iron) ten impacts in an area shall be made to
ment parts are used, muliird¢ Pldck, PNBrAlid nEIIcUlion is , s &ddsditute a test.
strongly advised. Specilibdlf.* opde 831R8dA " block of a. I : : : :
hardness equal to os +lder” tHans o&é s Snimum expected «eedd. Calculation of Hardness Result
hardness of the matenal Bemg (edteds ona Z:ahbratlon block oFee3”
a hardness equal te .er. greater than.ﬁhe- m»axxmum expeoted
hardness of the matemal-bemo tested, ando«ne calibration block

near the middle of the-range <should be -u;sed.

8. Verification of Apparatus

9.5 Reading the Leeb Instrument—Hardness values in Leeb
units are read directly on the electronic display of the indicator
device. The indicated value is automatically replaced with the

10.1 The hardness test result shall be the arithmetic average
of the five individual impact readings in the measuring area.

I'Q..Q €0mpensatzon jor Test Pirection—When using a Leeb

toteses ; P : ness . ; : instrment without autqﬁx.aflg :compensatlon for test direction,

9. Procedure St e cene the, §Qthpensation valpg Y *direction of test impact is to be

9.1 To perform a hardness test, the impact devies s con- s’ﬂmra’c'ted from the §8¢rpg¢ yalue determined for the measur-

nected to the user interface device aéé i)é):’\’.eﬁz(i E)és : ‘ ing ‘ared.s This compe'ni;?ti(zri value can be determined in
9.1.1 The impact device is readieq fQr npgqe s * accordance™ With Tables 22.°

9.1.1.1 Mechanically Charged DewWild-+5pme impact de-
vices are charged mechanically by pullfifel $4¢ impact body 11. Ceonversion to Other Hardness Scales or Tensile
against a spring or other mechanism that fedbels the impact Strength Values
body at the prescribed velocity. The impact device, while not in 11.1 There is no direct correlation between the Leeb hard-
contact with the test piece, is held firmly with one hand while  pegs (est principle and other hardness methods or a tensile
the charging mechanism is activated with the other hand. Once  gyrength test. All such conversions are, at best, approximations
the impact body is in the charged position the charging  gnq therefore conversions should be avoided except for special

mechanism is allowed (o slowly return to its resting position.  cases where a reliable basis for the approximate conversion and
9.1.1.2 Otherwise Charged Device—Devices that are not  the accuracy of the conversion has been obtained by compari-
charged mechanically may use gravity or other force applica-  gon testing. No conversions shall be employed without specific

tion method to propel the impact body at the prescribed  goreement between the party specifying this test method and
velocity. Charging of these devices should be conducted  (he party performing the hardness test.

according to manufacturer’s instructions.
9.1.2 After placing the readied (loaded) impact device on 12. Report
the test surface, trigger the impact by actuating the release

mechanism according to manufacturer’s instructions. 12.1 Report the following information:
9.1.3 The Leeb hardness value is displayed or otherwise 12.1.1 The average Leeb hardness number for each test area
used by a user interface device after the impact‘ with the impact device indicated (for eXaInple, xxx HLD or xxx
HLD+15).

Note 2—The user interface device may take the form of a computer or
PLC that does not display the hardness value directly to the user. Such a 12.1.2 When hardness values converted from the Leeb

user interface device may use the hardness value to operate an automatic number are reported, the instrument used shall be reported in
sorting machine or simply log the value in a database. parentheses, for example, HB (HLG).
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TABLE 2 Compensation Values for Other Impact Directions: TABLE 4 Compensation Values for Other Impact Directions:
Device D Device E
E v — P T E v — P2 T
300 300
-6 -12 -20 -29 -5 -9 -18 -26
350 350
-6 -12 -19 -27 -4 -9 -17 -24
400 400
-5 -1 -18 -25 -4 -9 -16 -22
450 450
-5 -10 -17 -24 -4 -8 -15 -21
500 500
-5 -10 -18 -22 -4 -8 -14 -20
550 550
-4 -9 -15 -20 -4 -8 -13 -18
800 . 600
-4 -8 -14 . -3 -7 -12 -17
650 650
-4 -8 -13 -3 -7 -12 -16
700 700
-3 -7 -12 Weeoe: -3 -6 -1 -15
750 seee 750
-3 -6 -11ese -iBe oo e -3 -6 -10 -14
800 e 800
-3 -6 -1 -15 N -3 -5 -9 -18
850 B s Y
.2 _5 _14 2090600000 _2 _5 _8 _12
-® e L N R ] LI R BN
Q00 .esecee .e ssoe.
Teessccsse
* 2800008
- *e LN B NN}
TABLE 3 Compensation Values for Jthé! Imgdal 2 oo’ TABLE 5.Compensation Values for Other Impact Directions:
Dev‘cep:_’,tq:' 4000000008000 0 :::::. Dev'cec
o S
D18 ? \ : see e \r‘ h-{ )" T
[ E N N N N J E
/G000
LR N N Mg
300 20T 350
7 7 R A A
*w PR N B N3
350 400 see0e S- - es
: -7 RR eI DO T HE DR
400 X EE NN XN NN A50 SN W *secese
-6 Az’ renee T lBe eIt
450 G0 eeese se0r i 0
-6 -12 et lech *tbeee
500 .. ssgre i3l N
-6 -1 . - vi@s - -~ -
550 b 600
-6 -11 oo -8 -1
600 .. 650
-5 -10 e -5 -10
650 S 700
-5 -10 -18 -25 -5 -10
700 750
-5 -9 -17 -24 -4 -9
750 800
-4 -8 -16 -22 -4 -8
800 850
-4 -8 -15 -21 -4 -7
850 900
-4 -8 -14 -20 -3 -6
200 950

A Not permitted.
13. Precision and Bias

13.1 Precision:

13.1.1 Interlaboratory Test Program—An interlaboratory 13.1.2 Test Result—The precision information given below
test program was conducted in accordance with to develop is the average of the five certified test bIOCkS, each of a different

information regarding the precision of the Leeb hardness hardness.

measurements. Eight laboratories tested five certified test 13.1.3 Repeatability and Reproducibility:
blocks. Each laboratory measured the hardness of each block 95 % Repeatability Limit (within laboratory) = 4.4 %
25 times. 95 % Reproducibility Limit (between laboratories) = 8.8 %
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TABLE 6 Compensation Values for Other Impact Directions:

TABLE 9 Compensation Values for Other Impact Directions:

Device G (Steel) Device S
Lo S = T E N
300 400
-12 -18 -4 -9 -16 -23
350 450
-1 -17 -4 -8 -15 22
400 500
-1 -16 -4 -8 -14 -21
450 550
-2 -5 -10 -15 -4 7 -13 -19
500 600
9 -14 -3 7 -12 -18
550 650
9 . -13 -3 7 12 -16
600 ceul 700
e 12 -3 -6 -1 -15
650 seccscens 750
IOL PP OSSHL -8 6 10 14
700 10000 XXX X 800
seame ee 00 -3 -5 -9 -12
LA K N N N *0 00
750 ;o000 XXX 850
cecee T e -2 -5 -8 -11
ssee ~ 900
LR X ¥4 EXR X2 -2 -5 7 10
TABLE 7 Compensation Values for Qth#r Impact Directions; ;5 ese e e 950
DeVice G (Grey Cast.lron) L : : : » * : : : : se s e
L 4.;.0..... LI N I N
“ N - eI, iy
- ! * e L 2 B R L X N N J sedses e
- e 00 9000080 OERESESRE” S0 0 000
-2 680 L 2080 *S 000/
350 eeeeer o0 sesoe - sa000e ..
secese  e0esvrsseces s sxespective standard deviations among test results, related to the
90800 eo00eseige 17 essse
400 seeser’ 00000000 ¢ e eahygve numbers by the factor 2.8, are:
200000 ® 06080000 se 08’
. :: :: : : eer : : : : :12 -16 . : : : : : * Repeatability Standard Deviation = 1.6 %
450 400000 OO eese - Reproducibility Standard Deviation = 3.2 %
LR N l.l.,‘la _15:.’ . . . . . .
500 .. P 13.2 Bias—Since hardness is not an intrinsic property of a
. eeesdd n materiad.ethere is no basis oh*Which to determine or assign an
550 b :5,: corg accepted reference value! Consequently, there is no basis for
A X N 00 ~ LA . . 90000
600 e seee deﬁrﬁng ife bias of this fest method.
LJ L 40000 :::::. ‘:::'v:
P Je000e 24 B U VERIFICATIQON:OF LEEB HARDNESS
TABLE 8 Compensation Values for dthes I:'npazzf biéctions: 7t *leee. INST‘R,UMENTS
Device DL 23332282282" e
Low v —F IZ:Z:‘::ZZ' T 14. Scope
e LI
oo’ 14.1 Part B covers the procedure for verification of Leeb
M hardness instruments by a standardized block method.
550
-3 -6 -1 -16 .
600 15. General Requirements
-3 -5 -9 -14 . . .
650 15.1 Before a Leeb hardness instrument is verified, the
-2 -5 -8 -13 instrument shall be examined to ensure that:
700 15.1.1 The batteries in the indicating device are not
-2 -4 7 “11 . . .
750 discharged, and faulty batteries are replaced as required.
-2 -3 -6 -10 15.1.2 The impact device is clean, and the spherical tip of
800 ] s s o the impact body is free from all foreign matter (for example,
850 dust, dirt, grease, scale, etc.).
1 -2 -4 7 15.1.3 The tip of the impact body is free from cracks or
900 ; ” s . deformed areas.
050 [5.1.4 The test block is placed on a clean, level, firmly

13.1.3.1 The terms in 13.1.3 (repeatability limit and repro-
ducibility limit) are used as specified in Practice E691. The

supported base.

16. Verification by Standardized Test Blocks

16.1 Check the Leeb hardness instrument by making two
impacts on a standardized test block.
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16.2 The Leeb hardness instrument shall be considered
verified if the individual readings fall within =6 HL units of
the reference value. Any instrument not verified shall not be
used for testing without repair and re-verification.

C. CALIBRATION OF STANDARDIZED HARDNESS
TEST BLOCKS FOR LEEB HARDNESS
INSTRUMENTS

17. Scope

17.1 Part C covers the calibration of standardized hardness
test blocks used for the verification of Leeb hardness instru-
ments. .

P N
L NN

400600
L IR N N

18.1 Each test block shall be made of stekl haldl diiansions
not less than 3.543in. [90 mm] in diasRetén bye 2ekJ6 in.
[54 mm] thick for impact devices D, DC; b:+:l3 DL: «28, and
E and 4.724 in. [120 mm] in dlameter-by -2 756 in. ~[7§) mm}
thick for impact device G. The two opgome "end plane sarfaces

18. Manufacture

shall be parallel. see .o

LR N4 ...

0’0\
seee
....

official mark or the thickness to an accuracy of £0.001 in.
[£0.025 mm] at the time of calibration shall be marked on the
test surface(s).

19. Standardizing Procedure

19.1 The standardizing hardness test blocks shall be cali-
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 uniformly 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 calibrated test block surtface.

19.4 Leeb test blocks may be calibrated on one or both of
the opposite end plane surfaces.

20 Uniformity of Hardness
:20.1 Unless the difference between the largest and the

18.2 Each block shall be Speciﬁ(;gﬁ}y preparec Ja:ﬂd. heat- + ¢ Shdd kst of the ten readings is less than 13 Leeb units, the block

treated to give a specific hardness and the gqqe.sgmyztgql. 0g¢-
neity and stability of structure. _, 7"

-0 IR RN R NN NN RN RN NN N

18.3 Each steel block §l;a§ll§ Bé 7depg@neﬂzed: pyethe manu-

facturer and maintained d'egrragpetigqq py‘th; ASer.

ground finish of 27¢ grn' :[7 pm] maximune. e

...... 20

18.5 The test surfae@(s) shall be pohshed-or fine ground ‘and
free of scratches and mher'chscontmmtqes- Whlch would influ-
ence the rebound charegc}qns‘trcyof the‘t;gt‘block .o

18.6 The surface finishof4he test sqrféc'ezé) shal‘lfnpg exceed
16 pin. [0.4 pm] maximum. oo

L N N
.

18.7 To ensure that no material i :sﬁ;)geq}é;lt:lizr'emoved
from the test surface(s) of the standar(h;ged' -tea-block an

/000
L N N

4000000000000 0000

* ¢ canne’ be regarded as sufficiently uniform for standardization

LR R R A AN

PUEROSCS.

R : 52315 ;1\./Iark1ng

sesse2].1 Each block shall be marked with:

184 A -test fa -ovfth-t t.bl k-hllh firne o o
non-test su ee gotes ()c Shatl have a IS se” 21.1.1 Arithmetic mean of the hardness values found in the

ses e~

standardization test suffixed by the scale designation letter (for
examplg, HLD). Leses

21222 *The name or mask of the supplier.

21413 +The thlckness-()f-the ‘test block.

LA N B4
RN B N
MA X RN}

22. 'Keywords

-5 dyfléﬁrﬁ@ hardnegs.: Eegstg;:l*;quotip; Equotip hardness test;
Leeb; rebound hardness test

tc‘.“‘

400”1 0

*e es0 e
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APPENDIXES

(Nonmandatory Information)

X1. STANDARD SINGLE COIL REBOUND HARDNESS TESTERS ACCORDING TO THE LEEB PRINCIPLE

X1.1 General Description

X1.1.1 There are eight established types of impact devices
for rebound hardness testers according to the Leeb principle:
D,DC,E, D+15, DL, C, S, and G. The impact devices D and £
have become industry standards for general purpose applica-
tions since the first introduction of the D-device in 1975. The
other types have been added with the time for applications with
special requirements. For more details, see X1.4.

X1.1.2 Tt is well known that the L-readings for a given
specimen differ significantly, depending on the impact device
type used. The main reasons for this are:

X1.1.2.1 Different impact energies;
X1.1.2.2 Different sizes and materials of the indenter; and
X1.1.2.3 Different stiffnesses of the impact bodies.

X1.1.3 One important advantage of the Leeb testing method
is, that it can be used for any direction. The results are,
however, not completely independent on the impact angle.
Each of the standard probes has its own characteristic direction
dependency, which is determined by:

X1.1.3.1 The combination of the impact velocity and the
free flight length of the impact body; and
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FIG. X1.1 Impact Device D
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2060020000000 00000

X1.1.3.2 The shape of the induati(ii\'folx 1% 'Saﬁﬁ?:l Whidist e

determined by the velocity vessibstatic ciiive o 4bd Hhe hand
and by the characteristics of {ie sansos ¢en @asdehé permanent

magnet on the other hand.:::::' seccescses

LR NN NS ;. so 080

X1.14 For the standadd $ibgfe coil rebolidd hhildness testing, o

devices, a typical indué@@n ¥bltage curvel i 8Relched in Fig,

X1.2 where the shapé :off:thzs: Z:Hrve is uﬁizlilé :fZ)r all impact
devices of this type. Thes )mgaot-and rebomd- velomtleSoare
assumed to be proportional b thesextreme Vahres A and-B -of
the signal curve, which is a good apprommatlon “f the devrce
is constructed so, that the extremes are fgqr, the §1gg141: §t‘ep
caused by the impact. If they are too J%adehoytyds the
reproducibility of the measurement sufferd Jebadgs $¥rsignal
is often disturbed short after the impact. The Vi1 §L O signal
curve has some influence on the result, becauses & odetermines,
how good the proportionality between minimum Value B and
rebound velocity is.

X1.1.5 Another parameter of paramount importance deter-
mining the actual L value for a material of a given hardness is
the impact energy, which follows 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 most important parameter for significance of L-values for
all rebound hardness testers working in 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 as special precautions have to be 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
chosen in such a way, that the specified parameters of the
induction voltage signal are fulfilled. For the definition of some
of the parameters refer to Fig. X1.2.

X1.3 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 also 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-
Mipge, only the velocity ratio in order to compensate the
$¢4didgs manuvally for other directions than vertically down.
Wik idictéprocessor controlled instruments, the user may set
the :113"55 zﬁrection and the instrument can determine and
dlspla}: :ﬂge approprlately compensated values automatically.
Ingtgiments containing some means for determining the impact
aheles an make a fully automatic direction compensation,
2litdibating the possibility of incorrect instrument settings by

¢ tser.

X14 G}l.iQe.lgnes for Selection gm;i.Use of the Different
Impaet Devices b

I RN N Y
LA N 4
re®

13 o b hardness
' up toe68 HRC

‘.»

®s00
* * e
se9es
Impact !fmvu:eD
Coevoe " . .
eeer 10 dimensions

ve o0 ®e.787 x 5787 in. [20 x 147 mm]

18 eR

X]-éﬂ The “Gaiversal ums .ﬁ)s othe majority of hardness
measurements with a wide measurmg range. Applications on
steel and cast steel, cold work tool steel, stainless steel, cast
iron (lamellar and nodular graphite), cast aluminum alloys,
brass, bronze, wrought copper alloys low alloyed. Impact
bodies tend to wear out at the high end of hardness range.

Impact Device DC
dimensions
@ 0.787 x 3.386 in. [20 x 86 mm]

max. hardness

up to 68 HRC

X1.4.2 Short impact device which has the same properties

and applications like the impact device D. Special applications

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

Impact Device D+15
dimensions
o 0.787 x 6.378 in. [20 x 162 mm]

max. hardness

up to 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).

Impact Device G
dimensions
@ 1.181 x 10/in. [30 x 254 mm]

max. hardness
up to 646 HB
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TABLE X1.1 Specifica‘ti.ngxg p'f Standard Single Coil Leeb Hardness Testing Devices

[ XXX

FIG. X1.2:I§rmmplza:& Standard Single Coil Leeb Hardness Testers
.o

AR B N N J
AR N ]

eer - - ar

~

Property Symbol Unit D/DC s E D+15 DL C G
Impact velocity? Va ft/s [m/s] 6.73 [2.05] 6.73 [2.05] 6.73 [2.05] 558 [1.7] 5.97 [1.82] 4.56 [1.39] 9.78 [2.98]
+ 5% +5% +5% +5% +5% +5 % +5 %
Impact body, mass M oz[g] 0.192+0.002 0.190+0.002 0.192+0.002 0.273+0.002 0.256+0.002 0.109 +£0.002 0.705 + 0.002
[5.45 £ 0.05] [540+005] [545+0.05] [7.75+0.05] [7.25=0.05] [3.1 £0.05] [20.00 £ 0.05]
material: St 18/8,
nonmagnetic
Free flight length H in. [mm] 0.315+0.039 0.315+0.039 0.315+0.039 0.315:0.039 0.315+0.039 0.315+0.039 0.591 +0.039
8+ 1] [8 + 1} [8+1} {8+ 1] {8+ 1} [8 + 1] [15 + 1]
Tube material: aluminium,
nonmagnetic
Eddy current slit yes no no yes yes yes no
Indenter, radius R in. fmm] 0.059 [1.5] 0.059 [1.5] 0.059 [1.5] 0.059 [1.5] 0.055 [1.39] 0.059 [1.5] 0.098 [2.5]
material TCE SigN, PKD® TC TC TC TC
hardness HV 1600 (typ) 1600 (typ) =4500 (typ) 1600 (typ) 1600 (typ) 1600 (typ) 1600 (typ)
Induction signal, peak il ms 2.5+ 30 % 25+30% 2.5+ 30 % 2.5+ 30 % 2.5+ 30 % 4.0 £ 30 % 2.0+ 30 %
position
half width At ms 0.55 + 0.15 055+ 0.15 0.55 + 0.15 0.55 + 0.15 0.55 + 0.15 0.62 + 0.20 0.55 + 0.15

A Impact direction: vertical down.
BTC = tungsten carbide.
©PCD = polycrystaline diamond.
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TABLE X1.2 Impact Direction Compensations, Probe D/DC

TABLE X1.4 Impact Direction Compensations, Probe D+15

. > > 1 . >y T AT
300 300
-8 -12 -20 -29 -7 -14 -26 -38
350 350
-6 -12 -1 -27 -7 -13 -25 -36
400 400
-5 -1 -18 -25 -6 -12 -23 -34
450 450
-5 -10 -17 e -24 -6 -12 -22 -32
500 RS 500
-5 -10 16 22808 22 -6 -11 -21 -30
550 secesssen 550
-4 -9 13t ¢ -6 11 -20 -28
(I E RN N NS N )
800 400000000800 800
= - LR ] L N4 [N 3 : = - - =
4 8 deer “ecela 5 10 19 27
650 R R NN J LR N X 650
e Ll ¢
-4 -8 . eise RO 5 -10 -18 -25
700 555 C .. TOO
-3 -7 e ei? -17 esssnce -5 -9 .17 D4
LN N4 I E R NN NENN]
750 LR ] -® e ooooc-oﬁD\
-3 -6 L b XX 2 X LR RN NN XN -4 -9 -16 -25
800 * Lescecesesenes eescdodiis
.3 .6 'm.... * L ] L NI N _4 _8 _15 _21
- ! 20900000 . * *S 0000
850 L8600 .ssceses se0 100850
2 1 SOAE - DO * ceees’ -4 -8 -14 -20
a00 ssesee sesesssece o e e300
20000 AR R RN NN N} a9 e
200000 S 00 00000 LA N B N
L E N N N 2 #0800 00009 [ E N N N N ]
TABLE X1.3 Impact Didction Compansaliéds, Probe E eeses’ TABLE X1.5 Impact Direction Compensations, Probe C
LR N ] e .
. 337 T | e LY. —4
LR N N NN ] 4 [ BN NN ] == .
.o e . 20 e B XN ] [ X4
LY y 3 y W' "
300 . 200 /:\3605 :...:'
200000~ ~eee EY X X ¥ X . Yo-¥ . -i5
'5 Q.‘g '18.. * AN X N 4 A wO0O0O " "
350 L] . s0000 ‘....350 LR N NN ]
4 9 L] ;e r e »e 0...? .14
= - . . b BN e e
400 L] LN 3 400‘... Te 0
4 ER ey 13
450 . 450
4 8 * -6 -13
500 500
“ 8 -6 -12
550 : 850
-4 -8 13 -18 6 -
800 600
-3 -7 -12 -7 S -10
650 650
3 7 12 -16 S -10
700 700
3 -6 11 -5 -4 -9
750 750
-3 -8 -10 -14 4 8
800 800
-3 5 -9 13 -4 7
850 850
2 5 -8 12 -3 6
900 900

X1.4.4 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
@ 0.787 x 6.102 in. [20 x 155 mm]

max. hardness
up to 72 HRC

X1.4.5 Spherically shaped synthetic diamond (approxi-
mately 5000 HV) 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 no wear even at high
hardness levels when compared to D device.
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TABLE X1.6 impact Direction Compensations, Probe G, Steel

TABLE X1.8 Impact Direction Compensations, Probe DL

Lo » J )‘* T Lo » J )‘* T
300 550
-2 -5 -12 -18 -3 -6 -1 -18
350 600
-2 -5 -1 17 -3 -5 -10 -14
400 650
2 -5 -11 -16 -2 -5 -9 -13
450 700
-2 -5 -10 -15 -2 -4 -7 -12
500 . 750
-2 -5 9.0 -14 -2 -3 -6 -10
550 seseen 800
2 -5 .geeeeses 43 -2 -3 -5 -9
290680090
600 Jes000ese 0. 850
-2 -5 seelececsecst? 2 -2 -4 7
650 ese0e s0s00e 900
-2 -5 ceeesl’  Coeesh -2 -2 -3 -6
700 ceeve’ *o 0 [s]af0]
-2 -5 ceed7 %o
750 [ X N X4 PR R N ]
s 09 29500280
X N [ AR N E RN NN . . .
oo zX sesesesseeeTABLE X1.9 Impact Direction Compensations, Probe S
L 2 PE RN R N NRJ [ A N RN N NN NI
. . . . XA R AR R R RN LR RN R N R NN BN
TABLE X1.7 Impact Direction Compensationss Prober & €ast sesescse \)i' ] )q. T
. .O..‘l.......". .‘.‘lt.
Materials: see0ee0ececece se0 e
40000
» - ® *$ 00087
LR 3 28000 0400
Le ees e tecer -4 -9 -16 23
i b ceel 450
350 so e . .o es s -4 -8 -15 -22
e’ 5 seeeetd A7 eeeel” 500
400 L [N R NN ] PR N _4 _8 _14 ,21
L4 [ E N X N X1 -
. -5 eoseald -186 550
450 ces. ceceve . ceses 4ty -13 -19
eeee.5 eo oo oid . 815 «G0e svee. o
500 cecesss  Sesee see ecswn B Jeees T -12 -18
0..,.3 ALY} XX SV 558 - . Yo e
550 o °%  eceee sesee Baesste 7 -12 -16
2 -5 (X} o) 1900004 »c700: OC'O...
600 cetss aecees’ e Tiies 3 %0 s -11 -15
Co- 750 “e9e R R BN N XN
(I E R E N NN NENNSEN] L
evsssescsnee -3 -6 -10 -14
- L
ST 800
Impact Device C “%2%%2° -3 -5 -9 -12
max. hardness dimeasions 850
up to 70 HRC @ 0.787 x 5551 . [20 x 141 mm] -2 -5 -8 -1
. . 900
X1.4.6 Reduced impact energy (approximately Y4 of that for 2 5 7 10
impact device D) and therefore covers slightly wider hardness 950
range than device D. Applications on surface hardened
components, coatings. Min. layer thickness of 0.012 in.
[0.3 m;n]. Applications on walled or impact sensitive compo- Impact Device S
nents {small measuring indentation) too. Measurements on max. hardness dimensions

steel and cast steel, cold work tool steel and cast aluminum
alloys; Requires better surface finish than impact device D.
; Impact Device DL

dimensions
@ 0.787 x 7.953 in. [20 x 202 mm]

max. hardness

:;, upto 68 HRC

X14.7 Same range of applications like D+15 but has the

speciality of slimmer front section (¢ 0.157 x 1.969 in. [4 x

50 mm] for use in confined spaces and at the base of grooves,
drill holes, and gears respectively.

10

up to 70 HRC

X1.4.8 Spherically shaped silicon nitride (approximately
1600 HV) 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.

© 0.787 x 6.102 in. [20 x 155 mm]
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X2.

GENERAL DESCRIPTION AND TEST PROCEDURE FOR LEEB HARDNESS TEST ACCORDING TO THE

MULTIPLE-COIL INSTRUMENT

X2.1 Scope

X2.1.1 The patented rebound method by Krautkramer is a
further development of the original Leeb method (see Appen-
dix X1). The measurement readings determined by the latter
method are erroneous due to gravitational acceleration and are
not independent of direction. The results must therefore be
correspondingly corrected. This disadvantage is not apparent in
instruments which operate according to the Krautkramer re-
bound method. ceve
408600\

X2.1.2 The direction-dependence of the measuggingaeiend-
ings result essentially from: bbb

X2.1.2.1 A kinematic error caused by gradftdQendls e
and friction (at the measurement location /,e&dpa ), 1L Hidl
measured within the impact time 7o, (refer s i 'X2.1); dnd

X2.1.2.2 A change in the effective, irffuencing energy
depending on the position resp. direction béifié applied.

- e

X2.1.3 The first effect is avoided by evaluatlon ofed (w6
signal correlated with location information of th@ Qm agt:bocéy:
It is of advantage to arrange the 1mpa<;t-body @:net ane (e

coil so that the impact signal as weﬂ%s*the relgql:mi-s:lcnalmes
at least two zero transitions @g :t!pgs: ca}g 83 afetheinduced
voltage as support points forhe edaludibhet dpecurve. The
complete curve is digitized, {radvituation affiihapded into the
instrument’s memory. bl ceeses

LR N N N N LR N B NN
1980000 LR N B N N ]

X2.1.4 The second efiRle I ¢@dmpensated by 2¢iibration of
the impacting device in the® ¢grlussdiplicatid] Pdsifions and af
various degrees of hardness. *3338232%  "°308 Lees

X2.2 General Description of Instruments' and Test Proees

LR NN

dure for Leeb Hardness Test Accorglmgg the
Krautkramer Instrument se0cccnccene

L N NN N
AR B B N B N N N N N4

X2.2.1 Compensation of Kinematic Error ~%23¢se%e
X2.2.1.1 The signal curve according to Fig: %2} is pro-
duced during the impact and rebound trip of the impact body,

using the sophisticated coil arrangement outlined in Fig. X2.2.

u(t) pricmary secondary

i
]
tg\ start of signal |

recording j

[\

Yy tor Yoy

'
t

A\

Y2

foo tyq

t&j’

¥ tdf
£ b impact time

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

'......

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
Iots Tons Tz correspond (O 14y, 1o, [13, that is, at these times the
impact body is correspondingly at the same position x(7y) =
x(ty), also X(fpy) = X(111); Xlpp) = X(112) and x(fp3) = X(1;3).

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

o(r) = [ B(r.1)-aa (X2.1)
A
where:
B(rt) = magnetic field,
t = time, and
r = position.

«sX241.3 The time progression of the coil voltage can be
‘i,

LR
sSesOoBOe
[ E RN RN N

» 8

u(t) = e(x())v(1)

(X2.2)

N

LR R N N

L 2N
*
*
.
*
.
*
*

AR R NN 3

L ]
z
o
P
OCD *

ofx( l:), «* sfunction of the position of the impact body, and
W IZ . :: rvelocity of the impact body.

lt

/;:).(2;2'.1.4 The ratio of the voltage at the moment of impact

, 2 amust be found, that is:

11

LXY
92000
LR N4

(X2.3)

X2.2.L5£i]§'mg the reprodu.mipgfléw 11{fy) produces x(f,) =
X(1, (fo)x alshe gt the same positidh s c(fy) = c(t,(,)) which in
turn prodydes: S, . re seee

*To 0N

.0

\7"(’1(’0)) _ “c‘(f( o))) "6’ (:[. Ly (tl(r())) _
u(t) — clxlr) vt ()
X2.2.1.6 The ratio of the induction voltages is therefore the

same as the ratio of the velocity to the corresponding times.
X2.2.1.7 Three curve points for the reproduction law #,(1,)
can be found after determination of the zero points from the
measurement signal. The complete reproduction law is ob-
tained by interpolation between these curve points so that the
corresponding amplitude value u(#,) can be allocated to each
voltage value u(t,) enabling the velocity ratio (except at the
zero positions themselves) to be calculated. Finally extrapola-
tion takes places at the required impact time. The starting point
is the ratio ¢, / ¢, 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 (o a certain amount also the minimum
at 1, vary (magnetic field geometry) without causing any

feid

incorrect readings worth mentioning about.

l....

Violte) (X2.4)



Ay ags6/A956M - 17

L BN

~ 900w
LR

u(t) primaryaees. ! secondary
2000068
400000 -
)'....O. .E,
*
stﬁ&{g’ﬁ@é oo
. L)
; LE N 2
* L N
L] LE N Z
L] LR ]
L] o
* .
ods
ofny lyy fgy - e fg:0 o olee
. - LN B ]
LB N ] L . ] 2600 o000
LR N ] e ® 26000 20000
- ! » L N ] o0 .'.l...t L N )
-9 0@ In ] o000 LN ] L NN g ﬁ 400 00
-0 GO0 ..}(".. LN ] L LN
oo er 2000600000100 - 40000
LN LN N J 2SededOROGS Ld LR N AN ]
00 000 [ AR RN RN NN B LA R N R NS
LA RN LN 100000000 ¥ +40906000
4000 00 LA RN R NENRN ] Lo s N L 4
IR N RN 40060000000 t ‘mpaq& e
LR N NN .- LA N B N N ] ta IR R NN ]
sd0 800 LR N N NN ] LA RN g
LE N R N s LR ) L L -
ssecocr e skibs 2.2 Design of the Kraukramer Impact Device D
2000000 LA N B N N )
LA B N N BN S0 0000 ..
L R RN N L BN N N 0 I....
AR N R N NN B BN

X2.2.2 Correctiorn Qf gipdytyct Eneég.v'qt Differery jmpact
Directions and Producii@ef Jokerances of* ¢ Impagt Prvices

X2.2.2.1 The impact devices arg calibfated 2ihe Dider to
compensate the dependence of the veldd . ratipidnt §gimpact
energy as well as the differences in $pehdildli¢dledesign of
the impact device. To do this, the rebothilndidelead¢ measured,
as described above, on two hardness refereaéd blocks having
different, known hardness values. Three®icasurements are
made for each of the five impact directions,*+90° (vertically
downwards), +60°, 0° (horizontal), —60° and -90° (vertically
upwards). In addition to the hardness, the time interval Ar
between the zero transitions fy; and #,, is recorded in units
having VYes scanning steps (approximately 0.7 us). This is a
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
occurring when in operation.

X2.2.2.2 The difference A/ between the uncalibrated, mea-
sured Leeb hardness and the prespecified reference block
hardness against Af is plotted for all measurement points and

12

.

both 'the resulting relati@shjgs are corrected by straight lines.
The gmments of the ¢argecyibn lines are stored in the serial
EPROM jn the impact JeyiEd Jogether with the reference block
har8fess ‘@l the position §417, Aho) of the intersection points

*e -

of both lines.

X2.2.2.3 If the measurement produces an uncalibrated hard-
ness in Leeb according to see Appendix X1, then the corre-
sponding gradient of the correction lines are determined by
linear interpolation of the gradient established during the
calibration process.

X2.2.24 The dependence of the measurement reading on
the changed friction is, within certain limits, also taken into
consideration (in addition to the dependence on impact direc-
tion). Both effects lead to a change in impact energy.
Furthermore, small differences, caused by production, in po-
tential energy of the impact body in the tensioned state are
compensated. Whereas the information about the required
velocity correction is essentially contained in the line gradient,
deviations of the probe’s mechanical characteristics are essen-
tially reflected in a vertical shift of the curve.
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SUMMARY OF CHANGES

Committee AO1 has identified the location of selected changes to this standard since the last issue (A956-12)
that may impact the use of this standard. (Approved Sept. 1, 2017.)

(1) Designation change to A956/A956M to reflect the rational-
ized combined units.

(2) Revised 1.2 as per the Form and Style for ASTM Standards
manual.

(3) In 3.1.2, added imperial units as per the Form and Style for
ASTM Standards manual and added a note to explain that
specification of impact devices and most manufacturing. is done
in metric units. Jesesn
(4)In 4.1 and X1.4.2 - X1 4.8, added imperial unifseaseper sthe
Form and Style for ASTM Standards manual. seecccesses:
(5)In 7.2,

7.3,74,7.7,9.6,18.1, 184, 18.6, 185 and 24 b dsls.
corrected formatting as per the Form and; ?g;:lg;for A§?M:
Standards manual. coeee

(6) Replaced 9.1 with two subsections thyg Yvver alternate’
impact device designs. Added 9.1.2 and 9.1.3 36 include maftgg
from the old 9.1 that is not covered by thd new suhsg¢@ils o

\.«

(8) In X1.4.1 and X1.4.6, corrected spelling of “aluminum.”
(9) In Table X1.1, added imperial units as per the Form and
Style for ASTM Standards manual; corrected error where
values for induction signal and half width were transposed.
(10)In 7.2, added columns to define limits for free-standing
items and small/thin items that are “coupled” to larger items.
(11)In 185 — 18.7, added “(s)” to the word “surface” to
indicate more than one surface may be a calibrated surface.
(12) 18.6 and 18.7 were reformatted to match ballot for dual
units as per the Form and Style for ASTM Standards manual.
(13) In 19.2, changed “randomly” to “uniformly” since it is not
possible to guarantee random distribution.
(14)Jp,19.3, added the words “calibrated” and “surface” to
« SRILE that only the tested surface or surfaces are considered
&3108eh eIt Sarts of the test block.

Note 2 may need to be renumbered based on ofbe4d MEHADE & E o (1 5 ):@(Ecgesd 44 1o specifically state that it is permissible to

items for this standard.
(7)In X1

1.6, corrected spelling 0¥ sher” ,eeecececcees?’
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(16) Adgad new Table 1 and renumbered old Tables 1-8.
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