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Standard Test Method forStandard Test Method for

Leeb Hardness Testing of Steel ProductsLeeb Hardness Testing of Steel Products11

This standard is issued under the fixed designation A956/A956M; the number immediately following the designation indicates the yearThis standard is issued under the fixed designation A956/A956M; the number immediately following the designation indicates the year

of original adoption or, in the of original adoption or, in the case of revision, the year case of revision, the year of last of last revisrevision. A number in parenthesion. A number in parentheses indicates the year of es indicates the year of last reapprolast reapproval.val.

A superscript epsilon (A superscript epsilon (´́) indicates an editorial change since the last revision or reapproval.) indicates an editorial change since the last revision or reapproval.

1. 1. ScoScope*pe*

1.1 1.1 This test method covers the determiThis test method covers the determination of the Leebnation of the Leeb

hardness of steel, cast steel, and cast iron (Part A), includinghardness of steel, cast steel, and cast iron (Part A), including

ththe e metmethohods ds fofor r ththe e veveririficficatiation on of of LeeLeeb b hahardrdneness ss tetestistingng

instruments (Part B), and the calibration of standardized testinstruments (Part B), and the calibration of standardized test

blocks (Part C).blocks (Part C).

NNOTEOTE 1—The original title of this standard was “Standard Test Method 1—The original title of this standard was “Standard Test Method
for Equotip Hardness Testing of Steel Products.”for Equotip Hardness Testing of Steel Products.” 11

1.2 1.2 The values stated in either SI units or inch-poThe values stated in either SI units or inch-pound unitsund units

are to be regarded separately as standard. The values stated inare to be regarded separately as standard. The values stated in

each system are not necessarily exact equivalents; therefore, toeach system are not necessarily exact equivalents; therefore, to

ensure conformance with the standard, each system shall beensure conformance with the standard, each system shall be

useused d indindepeependendentlntly y of of the the othotherer, , and valueand values s frofrom m the the twotwo
systems shall not be combined.systems shall not be combined.

1.31.3   This stand  This standarard d doedoes s not purponot purport rt to to addaddreress ss all of all of thethe

sasafetfety y coconcncerernsns, , if if ananyy, , asassosociaciateted d wiwith th its its ususe. e. It It is is ththee

responsibility of the user of this standard to establish appro-responsibility of the user of this standard to establish appro-

 priate  priate safety, safety, health, health, and and environmental environmental practices practices and and deter-deter-

mine the applicability of regulatory limitations prior to use.mine the applicability of regulatory limitations prior to use.

1.41.4   This   This intinternernatiationaonal l stastandandard rd was was devdeveloeloped ped in in accaccoror--

dance with internationally recognized principles on standard-dance with internationally recognized principles on standard-

izaizatiotion n esestatablblisishehed d in in ththe e DeDeciscisioion n on on PrPrinincipcipleles s fofor r ththee

 Development  Development of of International International Standards, Standards, Guides Guides and and Recom-Recom-

mendations issued by the World Trade Organization Technicalmendations issued by the World Trade Organization Technical

 Barriers  Barriers to to Trade Trade (TBT) (TBT) Committee.Committee.

2. 2. ReferencReferenced Documeed Documentsnts

2.12.1   ASTM Standards:  ASTM Standards:
22

E140E140 Hardness Conversion Tables for Metals Relationship Hardness Conversion Tables for Metals Relationship

Among Brinell Among Brinell HardnHardness, ess, VVickers Hardness, ickers Hardness, RockwRockwellell

Hardness, Superficial Hardness, Knoop Hardness, Sclero-Hardness, Superficial Hardness, Knoop Hardness, Sclero-

scope Hardness, and Leeb Hardnessscope Hardness, and Leeb Hardness

E177E177  Practice for Use of the Terms Precision and Bias in  Practice for Use of the Terms Precision and Bias in

ASTM Test MethodsASTM Test Methods

E691E691  PracticPractice e for for ConduConducting an cting an InterlInterlaboraaboratory Study tory Study toto

Determine the Precision of a Test MethodDetermine the Precision of a Test Method

3. 3. TTerminologyerminology

3.13.1   Definitions:  Definitions:

3.1.13.1.1   calibration—   calibration— determination of the values of the sig-determination of the values of the sig-

nificannificant t operaoperating parameters of ting parameters of the instrument by the instrument by comparcomparisonison

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

reference standards.reference standards.

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

ththe e rerebobounund d vevelolocitcity y to to ththe e imimpapact ct vevelolocitcity y of of a a 0.0.1118 18 inin..

[3 [3 mmmm] ] or or 0.0.19197 7 inin. . [5 [5 mmmm] ] (b(baseased d on on ththe e tytype pe of of imimpapactct

device) diameter spherically shaped tungsten carbide, silicondevice) diameter spherically shaped tungsten carbide, silicon

nitride, or diamond tipped impact body, multiplied by 1000.nitride, or diamond tipped impact body, multiplied by 1000.

 L L 55
Rebound VelocityRebound Velocity

Impact VelocityImpact Velocity
   33 10001000

The Leeb hardness number is followed by the symbolThe Leeb hardness number is followed by the symbol  HL HL

with one or more suffix characters representing the type of with one or more suffix characters representing the type of 

impact device.impact device.

3.1.33.1.3  Leeb hardness test—  Leeb hardness test— a dynamic hardness test methoda dynamic hardness test method

using a calibrated instrument that impacts a spherically shapedusing a calibrated instrument that impacts a spherically shaped

tungsten carbide, silicon nitride, or diamond tipped body withtungsten carbide, silicon nitride, or diamond tipped body with

a fixed velocity (generated by a spring force) onto a surface of a fixed velocity (generated by a spring force) onto a surface of 

the material under test. The ratio of the rebound velocity to thethe material under test. The ratio of the rebound velocity to the

impact velocity of the impact body is a measure of the hardnessimpact velocity of the impact body is a measure of the hardness

of the material under test.of the material under test.

3.1.43.1.4  surface finish—  surface finish— all references to surface finish in thisall references to surface finish in this

test methotest method d are defined as are defined as sursurfacface e rouroughnghness ess (th(that at is,is,    RaRa    ==

average roughness value,average roughness value,  A AAA  = arithmetic average). = arithmetic average).

3.1.53.1.5   verification—   verification— checheckicking ng or or testtesting ing the the insinstrutrumenment t toto

ensure conformance with this test method.ensure conformance with this test method.

4. 4. SummaSummary of ry of TTest Methodest Method

4.1 4.1 DurDuring a ing a harhardnedness test, ss test, an impact body with a an impact body with a sphspherieri--

cally shaped tungsten carbide, silicon nitride, or diamond tipcally shaped tungsten carbide, silicon nitride, or diamond tip

impactsimpacts, , after being propelled to the after being propelled to the specifiespecified velocityd velocity, , the testthe test

sursurfacface e frofrom m whiwhich ch it it rebrebounounds. The ds. The impimpact act and rebouand reboundnd

velocities are measured when the impact body is approximatelyvelocities are measured when the impact body is approximately

0.039 in. [1 mm] from the test surface. This is accomplished by0.039 in. [1 mm] from the test surface. This is accomplished by

means of a permanent magnet mounted in the impact bodymeans of a permanent magnet mounted in the impact body

11 This test method is under the jurisdiction of ASTM CommitteeThis test method is under the jurisdiction of ASTM Committee A01 A01   on Steel,  on Steel,

Stainless Steel and Related Alloys and is the direct responsibility of SubcommitteeStainless Steel and Related Alloys and is the direct responsibility of Subcommittee

A01.13A01.13   on   on MechaMechanical and nical and ChemiChemical Testical Testing ng and and ProceProcessing Methods of ssing Methods of SteeSteell

Products and Processes.Products and Processes.

Current edition approved Sept. 1, 2022. Published September 2022. OriginallyCurrent edition approved Sept. 1, 2022. Published September 2022. Originally

approved in 1996. Last previous edition approved in 2017 as A956/A956M – 17A.approved in 1996. Last previous edition approved in 2017 as A956/A956M – 17A.

Leeb and Equotip are registered trademarks used with permission of Proceq SA.Leeb and Equotip are registered trademarks used with permission of Proceq SA.
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the ASTM website.the ASTM website.

*A Summary of Changes section appears at the end of this standard*A Summary of Changes section appears at the end of this standard
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whiwhich, durinch, during g the test, moves throuthe test, moves through a gh a coicoil l in the in the impimpactact

device and induces an electric voltage on both the impact anddevice and induces an electric voltage on both the impact and

rebound movements. These induced voltages are proportionalrebound movements. These induced voltages are proportional

to the respective impact and rebound velocities. The quotientto the respective impact and rebound velocities. The quotient

of these measured voltage values derived from the impact andof these measured voltage values derived from the impact and

rebound velocities, multiplied by the factor 1000 produces arebound velocities, multiplied by the factor 1000 produces a

number which constitutes the Leeb hardness value.number which constitutes the Leeb hardness value.

5. 5. SignSignificanificance and Usece and Use

5.1 5.1 HardnHardness of a material is a poorly defined teress of a material is a poorly defined term that maym that mayhave many meanings depending on the type of test performedhave many meanings depending on the type of test performed

and the expectations of the person involved. The Leeb hardnessand the expectations of the person involved. The Leeb hardness

testest t is is of of ththe e dydynanamic mic or or rerebobounund d tytypepe, , whwhicich h prprimaimaririlyly

depends both on the plastic and on the elastic properties of thedepends both on the plastic and on the elastic properties of the

material being tested. The results obtained are material being tested. The results obtained are indicatindicative of ive of thethe

strength and dependent on the heat treatment of the materialstrength and dependent on the heat treatment of the material

tested.tested.

5.2 5.2 The Leeb The Leeb harhardnedness ss test is test is a a supsuperfierficial determcial determinainationtion

onlonly y measmeasuriuring ng the the conconditdition ion of of the the sursurface face concontacttacted. ed. TheThe

results generated at that location do not represent the part atresults generated at that location do not represent the part at

any other surface location and yield no information about theany other surface location and yield no information about the

material at subsurface locations.material at subsurface locations.

A. A. GENERAL DEGENERAL DESCRIPTION OF INSTRUMESCRIPTION OF INSTRUMENTSNTS

AND TEST PROCEDURE FOR LEEB HARDNESSAND TEST PROCEDURE FOR LEEB HARDNESSTESTTEST

6. 6. ApparApparatusatus

6.1 6.1 The instrumeThe instrument used for nt used for Leeb hardneLeeb hardness testing consistsss testing consists

of of ((11) an impact device that is equipped with a spherically) an impact device that is equipped with a spherically

shaped tungsten carbide, silicon nitride, or synthetic diamondshaped tungsten carbide, silicon nitride, or synthetic diamond

tipptipped ed impimpact act bodbodyy, , an an indinductuction ion coicoil l velvelociocity ty measmeasuriuringng

asseassemblmblyy, , and a and a supsupporport t rinring, g, and (and (22) ) an an elecelectrotronic nic digdigitalital

display hardness indicating display hardness indicating devicedevice..

6.26.2   Impact   Impact DevicesDevices— — TheThere re are eight types of are eight types of impimpact de-act de-

vicevices s useused d in in LeeLeeb b harhardnedness ss testtestinging. . TheThese se are theare the   D,   D, DCDC,,

 D D+15,+15, DL DL,,  G, C, S  G, C, S , and the, and the  E  E  impact  impact units. Brief units. Brief descridescriptionptionss

of of the the typtypes es of of devdevices and ices and thetheir ir comcommon applimon applicatications areons are

given ingiven in Appendix X1 Appendix X1.. Table 1 Table 1 provides the specifications for provides the specifications for

the Leeb scales according to impact device type.the Leeb scales according to impact device type.

6.3 See6.3 See 8.1.1 8.1.1 when using replacement machine components. when using replacement machine components.

7. 7. TTest Piecest Piecee

7.17.1   Form—   Form— The Leeb hardness test is acceptable for steel,The Leeb hardness test is acceptable for steel,

cast steel, and cast iron with varying shapes and sizes.cast steel, and cast iron with varying shapes and sizes.

7.27.2  Thickness and Weight—  Thickness and Weight— The thickness and weight of theThe thickness and weight of the

test piece shall test piece shall be considered when selecting the impact devicebe considered when selecting the impact device

to to be be ememplployoyeded. . ThThe e fofollllowowining g guguididelielinenes s arare e ofoffeferered d asas

minminimuimum m weigweights and hts and sizsizes es of of testest t piecpieces es for selecfor selecting theting the

proproper test per test equequipmipmentent. . TTest est piecpieces es of of weigweights hts less than less than thethe
minimum or pieces of any weight with sections less than theminimum or pieces of any weight with sections less than the

minminimuimum m thithicknckness ess reqrequiruire e rigrigid id supsupporport t and and coucouplipling ng to to aa

thick, heavier non-yielding surface to resist the impact of thethick, heavier non-yielding surface to resist the impact of the

device. Failure to provide adequate support and coupling willdevice. Failure to provide adequate support and coupling will

produce test results lower than the true hardness value.produce test results lower than the true hardness value.

ImpactImpact

DeviceDevice

Minimum MassMinimum Mass

withoutwithout

Rigid SupportRigid Support

Minimum MassMinimum Mass

withwith

Rigid SupportRigid Support

MinimumMinimum

ThicknessThickness

(Uncoupled)(Uncoupled)

MinimumMinimum

ThicknessThickness

(Coupled)(Coupled)

D, DC, D D, DC, D +15,+15,

DLDL,,  S  S ,,  E  E 
   111.1.0 0 lb lb [5 [5 kgkg] ]  4.4.4 4 lb lb [2 [2 kgkg]]

   0.984 0.984 in.in.

[25 mm][25 mm]

0.118 in.0.118 in.

[3 mm][3 mm]

G G     3333.1 .1 lb lb [1[15 5 kgkg] ] 111.1.0 0 lb lb [5 [5 kgkg]]
   2.756 2.756 in.in.

[70 mm][70 mm]

0.394 in.0.394 in.

[10 mm][10 mm]

C C     3.3.3 3 lb lb [1[1.5 .5 kgkg] ] 0.0.3 3 lb lb [0[0.5 .5 kgkg]]
   0.394 0.394 in.in.

[10 mm][10 mm]

0.039 in.0.039 in.

[1 mm][1 mm]

7.37.3   Curvature—   Curvature— TTest est piepieces ces with curvewith curved d sursurfacfaces es may may bebe

tested on either the convex or concave surfaces providing thattested on either the convex or concave surfaces providing that
this radius of curvature of the specimens is matched to the sizethis radius of curvature of the specimens is matched to the size

of the support ring and is not less than 1.969 in. [50 mm] forof the support ring and is not less than 1.969 in. [50 mm] for

thethe    GG   imp  impact devicact device e or 1.18or 1.181 1 in. [30 mm] for other impain. [30 mm] for other impactct

devices.devices.

7.47.4   Surface Finish/Preparation—   Surface Finish/Preparation— The test surface shall beThe test surface shall be

carefully prepared to avoid any alterations in hardness causedcarefully prepared to avoid any alterations in hardness caused

by by heheatatining g duduriring ng grgrinindiding ng or or by by wowork rk hahardrdenenining g duduriringng

macmachinhininging. . Any Any paipaint, nt, scalscale, e, pitspits, , or or othother er sursurface face coacoatintingsgs

shall be completely removed. The surfaces to be tested shall beshall be completely removed. The surfaces to be tested shall be

smooth. Failure to provide adequate surface finish will producesmooth. Failure to provide adequate surface finish will produce

questionable test results. Coarse finishes will tend to lower thequestionable test results. Coarse finishes will tend to lower the

measured value. It is recommended that the test surface bemeasured value. It is recommended that the test surface be

macmachinhined ed or or groground und and and polpolishished ed to to the the folfollowlowing ing finifinisheshes.s.

(The grinding wheel grit size shown for each finish is offered(The grinding wheel grit size shown for each finish is offered

for guidance in achieving the finish noted.)for guidance in achieving the finish noted.)

TABLE 1 Specifications of Standard Leeb Hardness Testing DevicesTABLE 1 Specifications of Standard Leeb Hardness Testing Devices

PPrrooppeerrtty  y  SSyymmbbool  l  UUnniitt    DD//DDC  C  S  S  E  E  D  D  +15+15    DDL  L  C  C  G  G  

Impact velocityImpact velocityAA VVAA    ft/ft/s s [m[m/s/s] ] 6.6.73 73 [2[2.0.05]5]

± ± 5 %5 %

6.73 [2.05]6.73 [2.05]

± ± 5 %5 %

6.73 [2.05]6.73 [2.05]

± ± 5 %5 %

5.58 [1.7]5.58 [1.7]

± ± 5 %5 %

5.97 [1.82]5.97 [1.82]

± ± 5 %5 %

4.56 [1.39]4.56 [1.39]

± ± 5 %5 %

9.78 [2.98]9.78 [2.98]

± ± 5 %5 %

IImmppaacct  t  bbooddyy,  ,  mmaasss  s  M  M  ooz  z  [[gg]  ]  00..11992  2  ±  ±  00..000022

[5.45 ± 0.05][5.45 ± 0.05]

0.190 ± 0.0020.190 ± 0.002

[5.40 ± 0.05][5.40 ± 0.05]

0.192 ± 0.0020.192 ± 0.002

[5.45 ± 0.05][5.45 ± 0.05]

0.273 ± 0.0020.273 ± 0.002

[7.75 ± 0.05][7.75 ± 0.05]

0.256 ± 0.0020.256 ± 0.002

[7.25 ± 0.05][7.25 ± 0.05]

0.109 ± 0.0020.109 ± 0.002

[3.1 ± 0.05][3.1 ± 0.05]

0.705 ± 0.0020.705 ± 0.002

[20.00 ± 0.05][20.00 ± 0.05]

IInnddeenntteerr,  ,  rraaddiiuus  s  R  R  iinn.  .  [[mmmm]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00555  5  [[11..3399]  ]  00..00559  9  [[11..55]  ]  00..00998  8  [[22..55]]

mmaatteerriiaal  l  TTCCB B  SiSi33NN44    PCDPCDC C  TTC  C  TTC  C  TTC  C  TTCC

hhaarrddnneesss  s  h  h  HHVV2  2  1166000  0  ±  ±  11000  0  1166000  0  ±  ±  110000    $$45004500D D  1166000  0  ±  ±  11000  0  1166000  0  ±  ±  11000  0  1166000  0  ±  ±  11000  0  1166000  0  ±  ±  110000

MaximuMaximum m distandistance ce ofof

ball indenter from theball indenter from the

test piece surface whentest piece surface when

measuring velocitymeasuring velocity

H  H  iinn.  .  [[mmmm]  ]  00..00779  9  [[22..00]  ]  00..00779  9  [[22..00]  ]  00..00779  9  [[22..00]  ]  00..00779  9  [[22..00]  ]  00..00779  9  [[22..00]  ]  00..00779  9  [[22..00]  ]  00..11118  8  [[33..00]]

AA Impact direction: vertical down, in the direction of gravity.Impact direction: vertical down, in the direction of gravity.
B B  TC = TC = tungsttungsten carbide.en carbide.
C C  PCD = polycrystaline diamond.PCD = polycrystaline diamond.
D D  The hardness of the impact body E indenter is informational, not required to be verified.The hardness of the impact body E indenter is informational, not required to be verified.

A956/A956M − 22A956/A956M − 22

22
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Impact DeviceImpact Device
   Surface Surface Finish—RaFinish—Ra

(max)(max)

Grit SizeGrit Size

(Approx.)(Approx.)

D, DC, D D, DC, D +15,+15, DL DL ,, S  S ,, E  E     7788..7  7  µµiinn.  .  [[2  2  µµmm]  ]  220000

G G     227755..6  6  µµiinn.  .  [[7  7  µµmm]  ]  6655

C C     1155..7  7  µµiinn.  .  [[00..4  4  µµmm]  ]  550000

7.57.5   Magn  Magnetic etic Fields— Fields— PerPerforformanmance ce of of the the Leeb Leeb harhardnednessss

test on test on parparts ts with a with a resresiduidual al magmagnetinetic c field may field may afaffecfect t thethe

results. It is recommended that any residual magnetic field beresults. It is recommended that any residual magnetic field be

less than 4 G.less than 4 G.

7.67.6   Vibration—   Vibration— Vibration of the test specimen may affect theVibration of the test specimen may affect the
results of the Leeb hardness test. It is recommended that thisresults of the Leeb hardness test. It is recommended that this

test be performed with the test piece at rest.test be performed with the test piece at rest.

7.77.7   Temperature—   Temperature— The temperThe temperatuature re of the of the testest t piepiece ce maymay

affect the results of the test. In addition, this effect may beaffect the results of the test. In addition, this effect may be

different for different materials. Testing to this procedure shalldifferent for different materials. Testing to this procedure shall

be performed with the temperature of the test piece betweenbe performed with the temperature of the test piece between

39 °F [4 °C] and 100 °F [38 °C]. At temperatures outside this39 °F [4 °C] and 100 °F [38 °C]. At temperatures outside this

range, the user shall develop a temperature correction for therange, the user shall develop a temperature correction for the

specific material being tested.specific material being tested.

8. 8. VVerification of Apparerification of Apparatusatus

8.18.1   Verification Method—   Verification Method— Prior to each shift, work period, orPrior to each shift, work period, or

use, and following a period of extended continuous use (1000use, and following a period of extended continuous use (1000

impactsimpacts), the ), the instruinstrument shall be ment shall be verifieverified as d as specifiespecified in d in Part B.Part B.

Any instrument not meeting the requirements of Part B shallAny instrument not meeting the requirements of Part B shall
not be employed for the acceptance testing of product.not be employed for the acceptance testing of product.

8.1.1 8.1.1 CautionCautionary note: When replacary note: When replacement parts are used inement parts are used in

a a LeLeeb eb hahardrdneness ss tetestster er it it is is imimpoportrtanant t ththat at ththey ey be be fufullllyy

compatcompatible ible with the with the origioriginal nal equipequipment, otherwise incorrectment, otherwise incorrect

hardness readings may be obtained. Calibration using a singlehardness readings may be obtained. Calibration using a single

standard test block may indicate acceptable results, but addi-standard test block may indicate acceptable results, but addi-

tional calibration tests using blocks of differing hardness maytional calibration tests using blocks of differing hardness may

yield unacceptablyield unacceptable e resultresults. s. If If replacereplacement, non-origment, non-original inal equip-equip-

ment parts are used, multiple block calibration verification isment parts are used, multiple block calibration verification is

strostronglngly y advadvisedised. . SpeSpecificificallcallyy, , one one calicalibrabration tion bloblock ck of of aa

hahardrdneness ss eqequaual l to to or or lolowewer r ththan an ththe e mimininimumum m exexpepectectedd

hardness of the material being tested, one calibration block of hardness of the material being tested, one calibration block of 

a a harhardnedness ss equequal al to to or greateor greater r thathan n the maximuthe maximum m expexpectecteded

hardness of the material being tested, and one calibration block hardness of the material being tested, and one calibration block 

near the middle of the range should be used.near the middle of the range should be used.

9. 9. ProProceducedurere

9.1 9.1 TTo o perperforform m a a harhardnedness ss testest, t, the impacthe impact t devdevice is ice is concon--

nected to the user interface device and powered on.nected to the user interface device and powered on.

9.1.1 9.1.1 The impact devicThe impact device is readied for impact.e is readied for impact.

9.1.1.19.1.1.1   Mecha  Mechanically nically CharCharged ged Device— Device— SomSome e impimpact act de-de-

vicevices s are are chachargrged ed mecmechanhanicalically ly by by pulpullinling g the the impimpact act bodbodyy

against a spring or other mechanism that propels the impactagainst a spring or other mechanism that propels the impact

body at the prescribed velocity. The impact device, while not inbody at the prescribed velocity. The impact device, while not in

contact with the test piece, is held firmly with one hand whilecontact with the test piece, is held firmly with one hand while

the charging mechanthe charging mechanism is ism is activatactivated with ed with the other the other handhand. . OnceOnce

ththe e imimpapact ct bobody dy is is in in ththe e chcharargeged d poposisitiotion n ththe e chcharargigingng

mechanism is allowed to slowly return to its resting position.mechanism is allowed to slowly return to its resting position.

9.1.1.29.1.1.2   Otherw  Otherwise ise CharCharged ged Device— Device— DevDeviceices s thathat t are notare not

charged mechanically may use gravity or other force applica-charged mechanically may use gravity or other force applica-
tiotion n metmethohod d to to prpropopel el ththe e imimpapact ct bobody dy at at ththe e prprescescriribebedd

vevelolocitcityy. . ChCharargiging ng of of ththesese e dedeviviceces s shshouould ld be be cocondnducuctedted

according to manufacturer’s instructions.according to manufacturer’s instructions.

9.19.1.2 .2 AftAfter er plaplacing the cing the reareadiedied d (lo(loadeaded) d) impimpact act devdevice ice onon

the the test surfatest surface, ce, tritriggegger r the the impimpact act by by actuactuatinating g the the relreleaseease

mechanism according to manufacturer’s instructions.mechanism according to manufacturer’s instructions.

9.19.1.3 .3 The The Leeb hardnLeeb hardness ess valvalue ue is is disdisplayplayed ed or or othotherwerwiseise

used by a user interface device after the impact.used by a user interface device after the impact.

NNOTEOTE 2—The user interface device may take the form of  2—The user interface device may take the form of a computer ora computer or
PLC that does not display the hardness value directly to the user. Such aPLC that does not display the hardness value directly to the user. Such a
user interface device may use the hardness value to operate an automaticuser interface device may use the hardness value to operate an automatic
sorting machine or simply log the value in a database.sorting machine or simply log the value in a database.

9.29.2   Alignment—   Alignment— TTo  o  p rp revevenent  t  ererr or or s  r s  r er es us ultltining  g  f rf ro mo m
misalignment, the base support ring of the impact device shallmisalignment, the base support ring of the impact device shall

be be helheld d snusnugly and gly and perperpenpendicdiculaular r to to the surfathe surface ce of of the testthe test

piece.piece.

9.39.3   Impact Direction—   Impact Direction— The impact device is calibrated forThe impact device is calibrated for

the down vertical impact direction (perpendicular to a horizon-the down vertical impact direction (perpendicular to a horizon-

tal surface). For other impact directions such as 45° from thetal surface). For other impact directions such as 45° from the

horizontal plane or from underneath, the measured hardnesshorizontal plane or from underneath, the measured hardness

values will values will requirequire adjustment (seere adjustment (see 10.2 10.2). Some newer models). Some newer models

automatically compensate for test direction.automatically compensate for test direction.

9.49.4   Spacing Indentations—   Spacing Indentations— The The disdistantance ce betbetweeween n any twoany two

impimpact act poipoints nts shashall ll not be not be lesless s thathan n two diamettwo diameters edge-ers edge-to-to-

edge. The distance between the impact point and a specimenedge. The distance between the impact point and a specimen

edge shall not be less than three diameters edge-to-edge. Noedge shall not be less than three diameters edge-to-edge. No

point shall be impacted more than once.point shall be impacted more than once.

9.59.5   Reading the Leeb Instrument—   Reading the Leeb Instrument— HardnHardness values ess values in Leebin Leeb

units are read units are read directdirectly on ly on the electronic display of the the electronic display of the indicaindicatortor

device. The indicated value is automatically replaced with thedevice. The indicated value is automatically replaced with the

next test impact result.next test impact result.

9.69.6  Number of Impacts—  Number of Impacts— Five impacts in an area of approxi-Five impacts in an area of approxi-

mately 1 in.mately 1 in.22 [645 mm[645 mm22] shall constitute a test. If the material] shall constitute a test. If the material

bebeining g testested ted is is coconsnsididerered ed to to be be nononhnhomomogogeneneoeous us (f(foror

example, cast iron) ten impacts in an area shall be made toexample, cast iron) ten impacts in an area shall be made to

constitute a test.constitute a test.

10. 10. CalcCalculatulation of ion of HardHardness Resultness Result

10.1 10.1 The hardnThe hardness test result shall be the ess test result shall be the arithmarithmetic averageetic average

of the five individual impact readings in the measuring area.of the five individual impact readings in the measuring area.

10.210.2   Compensation for Test Direction—   Compensation for Test Direction— When using a LeebWhen using a Leeb

instrument without automatic compensation for test direction,instrument without automatic compensation for test direction,

the compensation value for direction of test impact is to bethe compensation value for direction of test impact is to be

subtracted from the average value determined for the measur-subtracted from the average value determined for the measur-

ining g arareaea. . ThThis is cocompmpenensasatiotion n vavalulue e cacan n be be dedetertermiminened d inin

accordance withaccordance with Tables 2-9 Tables 2-9..

11. 11. Conversion to Other Hardness Scales or TConversion to Other Hardness Scales or Tensileensile

Strength ValuesStrength Values

1111.1 .1 There is no direct correlatioThere is no direct correlation between the Leeb hard-n between the Leeb hard-

nesness s test princtest principle and iple and othother er harhardnedness ss methmethods or ods or a a tentensilesile

strengstrength th test. All such test. All such converconversions are, sions are, at at best, approximbest, approximationsations

and therefore conversions should be avoided except for specialand therefore conversions should be avoided except for special

cases where a reliable basis for the approximate conversion andcases where a reliable basis for the approximate conversion and

the accuracy of the conversion has been obtained by compari-the accuracy of the conversion has been obtained by compari-
son testing. No conversions shall be employed without specificson testing. No conversions shall be employed without specific

agreement between the party specifying this test method andagreement between the party specifying this test method and

the party performing the hardness test.the party performing the hardness test.
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12. 12. ReporReportt

12.1 12.1 Report the following informReport the following information:ation:

12.1.12.1.1 1 The averagThe average Leeb hardness numbe Leeb hardness number for each test areaer for each test area

with the impact device indicated (for example, xxxwith the impact device indicated (for example, xxx HLD HLD or xxx or xxx

 HLD HLD+15).+15).
1212.1.1.2 When .2 When hahardrdneness ss vavalulues es coconvnvererted ted frfrom om ththe e LeLeebeb

number are reported, the instrument used shall be reported innumber are reported, the instrument used shall be reported in

parentparentheses, heses, for for exampexample,le,   HBHB    (( HLG HLG).).

13. 13. PrePrecisicision and Biason and Bias33

1313.1 The .1 The prprececisisioion n of of ththis is tetest st memeththod od is is babasesed d on on anan

interlaboratory study of interlaboratory study of  E140 E140,,   Standard Hardness Conversion  Standard Hardness Conversion

33 Supporting data have been filed at ASTM International Headquarters and maySupporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR:E28-1044. Contactbe obtained by requesting Research Report RR:E28-1044. Contact ASTM CustomerASTM Customer

Service at service@astm.org.Service at service@astm.org.

TABLE 2 Compensation Values for Other Impact Directions:TABLE 2 Compensation Values for Other Impact Directions:
Device DDevice D

LLDD

300300

--6  6  --112  2  --220  0  --2299

350350

--6  6  --112  2  --119  9  --2277

400400

--5  5  --111  1  --118  8  --2255

450450
--5  5  --110  0  --117  7  --2244

500500

--5  5  --110  0  --116  6  --2222

550550

--4  4  --9  9  --115  5  --2200

600600

--4  4  --8  8  --114  4  --1199

650650

--4  4  --8  8  --113  3  --1188

700700

--3  3  --7  7  --112  2  --1177

750750

--3  3  --6  6  --111  1  --1166

800800

--3  3  --6  6  --110  0  --1155

850850

--2  2  --5  5  --9  9  --1144

900900

TABLE 3 Compensation Values for Other Impact Directions:TABLE 3 Compensation Values for Other Impact Directions:
Device D + 15Device D + 15

LLD + 15D + 15

300300

--7  7  --114  4  --226  6  --3388

350350

--7  7  --113  3  --225  5  --3366

400400

--6  6  --112  2  --223  3  --3344

450450

--6  6  --112  2  --222  2  --3322

500500

--6  6  --111  1  --221  1  --3300

550550

--6  6  --111  1  --220  0  --2288

600600

--5  5  --110  0  --119  9  --2277

650650

--5  5  --110  0  --118  8  --2255

700700

--5  5  --9  9  --117  7  --2244

750750

--4  4  --9  9  --116  6  --2222

800800

--4  4  --8  8  --115  5  --2211

850850

--4  4  --8  8  --114  4  --2200

900900

TABLE 4 Compensation Values for Other Impact Directions:TABLE 4 Compensation Values for Other Impact Directions:
Device EDevice E

LLEE

300300

--5  5  --9  9  --118  8  --2266

350350

--4  4  --9  9  --117  7  --2244

400400

--4  4  --9  9  --116  6  --2222

450450
--4  4  --8  8  --115  5  --2211

500500

--4  4  --8  8  --114  4  --2200

550550

--4  4  --8  8  --113  3  --1188

600600

--3  3  --7  7  --112  2  --1177

650650

--3  3  --7  7  --112  2  --1166

700700

--3  3  --6  6  --111  1  --1155

750750

--3  3  --6  6  --110  0  --1144

800800

--3  3  --5  5  --9  9  --1133

850850

--2  2  --5  5  --8  8  --1122

900900

TABLE 5 Compensation Values for Other Impact Directions:TABLE 5 Compensation Values for Other Impact Directions:
Device CDevice C

LLCC

350350

--7  7  --1155    A A AA

400400

--7  7  --1144

450450

--7  7  --1133

500500

--6  6  --1133

550550

--6  6  --1122

600600

--6  6  --1111

650650

--5  5  --1100

700700

--5  5  --1100

750750

--4  4  --99

800800

--4  4  --88

850850

--4  4  --77

900900

--3  3  --66

950950

AA Not permitted.Not permitted.
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TTablables es for for MetaMetals ls RelaRelatiotionshnship ip AmoAmong ng BrinBrinell ell HarHardendenss,ss,

VVickers ickers HardeHardenss, nss, RockwRockwell ell HardnHardness, ess, SuperSuperficial ficial HardnHardness,ess,

Knoop Hardness, Scleroscope Hardness, and Leeb Hardness,Knoop Hardness, Scleroscope Hardness, and Leeb Hardness,

conducted in 2006. Six laboratories tested five unique blocks atconducted in 2006. Six laboratories tested five unique blocks at

varvaryinying g harhardnedness ss levelevels. ls. EveEvery ry “tes“test t resresultult” ” reprepresresentents s anan

individual determination and nine replicate test results wereindividual determination and nine replicate test results were

rerepoportrted ed by by eaceach h lalab b fofor r eaeach ch levlevel. el. PrPractacticeice   E691  E691    waswas

followed for the design and analysis of the data; the details arefollowed for the design and analysis of the data; the details are

given in ASTM Research Report RR:E28-1044.given in ASTM Research Report RR:E28-1044.

13.1.113.1.1   Repeatability (r)—   Repeatability (r)— The difference between repetitiveThe difference between repetitive

resresultults s obtobtainained ed by by the the samsame e opeoperatorator r in in a a givgiven en lablaboraoratortoryy

applying the same test method with the same apparatus underapplying the same test method with the same apparatus under

constant operating conditions on identical test material withinconstant operating conditions on identical test material within

short intervals of time would, in the long run, in the normal andshort intervals of time would, in the long run, in the normal and

corcorrect rect opeoperatiration on of of the the test test metmethodhod, , excexceed eed the the folfollowlowinging

values only in 1 case in 20.values only in 1 case in 20.

13.1.13.1.1.1 1.1 RepeatabRepeatability can be ility can be interpinterpreted as maximum dif-reted as maximum dif-

ferferencence e betbetween ween two two resresultsults, , obtobtainained ed undunder er reprepeataeatabilbilityity

conditions, that is accepted as plausible due to random causesconditions, that is accepted as plausible due to random causes
under normal and correct operation of the test method.under normal and correct operation of the test method.

13.1.13.1.1.2 1.2 RepeatabRepeatability limits are listed inility limits are listed in  Table 10 Table 10..

13.1.213.1.2   Repr  Reproduciboducibility ility (R)— (R)— The The difdifferferencence e betbetweeween n twotwo

single and independent results obtained by different operatorssingle and independent results obtained by different operators

applying the same test method in different laboratories usingapplying the same test method in different laboratories using

different apparatus on identical test material would, in the longdifferent apparatus on identical test material would, in the long

run, in the normal and correct operation of the test method,run, in the normal and correct operation of the test method,

exceed the following values only in 1 case in 20.exceed the following values only in 1 case in 20.

13.13.1.21.2.1 .1 ReprReproduoducibcibilitility y can can be be intinterperpretereted d as as maxmaximuimumm

difference between two results, obtained under reproducibilitydifference between two results, obtained under reproducibility

conditions, that is accepted as plausible due to random causesconditions, that is accepted as plausible due to random causes

under normal and correct operation of the test method.under normal and correct operation of the test method.

13.1.13.1.2.2 2.2 ReprodReproducibiliucibility limits are ty limits are listed inlisted in Table 10 Table 10..

13.1.13.1.3 3 The above terms The above terms (repea(repeatability limit and tability limit and reproreproduc-duc-

ibility limit) are used as specified in Practiceibility limit) are used as specified in Practice  E177 E177..
13.1.13.1.4 4 Any judgmenAny judgment in t in accordaccordance with statementsance with statements 13.1.1 13.1.1

andand   13.1.2  13.1.2   would   would havhave e an an appapproxroximaimate te 95 95 % % proprobabbabilitility y of of 

being correct.being correct.

TABLE 6 Compensation Values for Other Impact Directions:TABLE 6 Compensation Values for Other Impact Directions:
Device G (Steel)Device G (Steel)

LLGG

300300

.  .  .  .  .  .  .  .  .  .  .  .  --112  2  --1188

350350

.  .  .  .  .  .  .  .  .  .  .  .  --111  1  --1177

400400

.  .  .  .  .  .  .  .  .  .  .  .  --111  1  --1166

450450
--2  2  --5  5  --110  0  --1155

500500

.  .  .  .  .  .  .  .  .  .  .  .  --9  9  --1144

550550

.  .  .  .  .  .  .  .  .  .  .  .  --9  9  --1133

600600

.  .  .  .  .  .  .  .  .  .  .  .  --8  8  --1122

650650

.  .  .  .  .  .  .  .  .  .  .  .  --8  8  --1111

700700

.  .  .  .  .  .  .  .  .  .  .  .  --7  7  --1100

750750

TABLE 7 Compensation Values for Other Impact Directions:TABLE 7 Compensation Values for Other Impact Directions:
Device G (Grey Cast Iron)Device G (Grey Cast Iron)

LLGG

350350

.  .  .  .  .  .  .  .  .  .  .  .  --111  1  --1177

400400

.  .  .  .  .  .  .  .  .  .  .  .  --111  1  --1166

450450

--2  2  --5  5  --110  0  --1155

500500

.  .  .  .  .  .  .  .  .  .  .  .  --9  9  --1144

550550

.  .  .  .  .  .  .  .  .  .  .  .  --9  9  --1133

600600

TABLE 8 Compensation Values for Other Impact Directions:TABLE 8 Compensation Values for Other Impact Directions:
Device DLDevice DL

LLDLDL

550550

--3  3  --6  6  --111  1  --1166

600600

--3  3  --5  5  --9  9  --1144

650650

--2  2  --5  5  --8  8  --1133

700700

--2  2  --4  4  --7  7  --1111

750750

--2  2  --3  3  --6  6  --1100

800800

--1  1  --3  3  --5  5  --99

850850

--1  1  --2  2  --4  4  --77

900900

--1  1  --2  2  --3  3  --66

950950

TABLE 9 Compensation Values for Other Impact Directions:TABLE 9 Compensation Values for Other Impact Directions:
Device SDevice S

LLSS

400400

--4  4  --9  9  --116  6  --2233

450450

--4  4  --8  8  --115  5  --2222

500500

--4  4  --8  8  --114  4  --2211

550550
--4  4  --7  7  --113  3  --1199

600600

--3  3  --7  7  --112  2  --1188

650650

--3  3  --7  7  --112  2  --1166

700700

--3  3  --6  6  --111  1  --1155

750750

--3  3  --6  6  --110  0  --1144

800800

--3  3  --5  5  --9  9  --1122

850850

--2  2  --5  5  --8  8  --1111

900900

--2  2  --5  5  --7  7  --1100

950950
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13.213.2   Bias—   Bias— At the time of the study, there was no acceptedAt the time of the study, there was no accepted

reference material suitable for determining the bias for this testreference material suitable for determining the bias for this test

method, therefore no statement on bias is being made.method, therefore no statement on bias is being made.

13.3 13.3 The precision statemeThe precision statement was nt was determdetermined througined through sta-h sta-

tisttistical ical exaexaminminatioation n of of 252 252 resresultsults, , frofrom m 6 6 lablaboraoratortories, ies, onon

blocks representing 5 levels of hardness. These five levels haveblocks representing 5 levels of hardness. These five levels have

been described as the following:been described as the following:

Level 1: 800 HLDLevel 1: 800 HLD

Level 2: 720 HLDLevel 2: 720 HLD

Level 3: 670 HLDLevel 3: 670 HLD
Level 4: 600 HLDLevel 4: 600 HLD

Level 5: 520 HLDLevel 5: 520 HLD

13.13.3.1 3.1 TTo o judjudge ge the equivthe equivalenalency cy of two of two test resultest results, it ts, it isis

recommended to choose the level closest in characteristics torecommended to choose the level closest in characteristics to

the test level.the test level.

B. B. VERIFVERIFICAICATION OF TION OF LEEB HARDNELEEB HARDNESSSS

INSTRUMENTSINSTRUMENTS

14. 14. ScoScopepe

14.14.1 1 ParPart t B B covcovers the ers the proprocedcedure for ure for ververificificatioation n of Leebof Leeb

hardness instruments by a standardized block method.hardness instruments by a standardized block method.

15. 15. General ReGeneral Requirementsquirements

15.15.1 1 BefBefore ore a a Leeb hardnLeeb hardness ess insinstrutrumenment t is is ververifiedified, , thethe
instrument shall be examined to ensure that:instrument shall be examined to ensure that:

1515.1.1.1 Th.1 The e babattetteriries es in in ththe e inindidicacatiting ng dedevivice ce arare e nonott

discharged, and faulty batteries are replaced as required.discharged, and faulty batteries are replaced as required.

15.15.1.2 1.2 The impacThe impact t devdevice is ice is cleaclean, and n, and the sphethe sphericarical l tip of tip of 

the impact body is free from all foreign matter (for example,the impact body is free from all foreign matter (for example,

dust, dirt, grease, scale, etc.).dust, dirt, grease, scale, etc.).

15.15.1.3 1.3 The tip of The tip of the impacthe impact t bodbody y is free from crackis free from cracks s oror

deformed areas.deformed areas.

1515.1.1.4 .4 ThThe e testest t blblocock k is is plplaceaced d on on a a clecleanan, , levlevel, el, firfirmlymly

supported base.supported base.

16. 16. VVerification by Standardized Terification by Standardized Test Blocksest Blocks

16.16.1 1 CheCheck ck the Leeb the Leeb harhardnedness ss insinstrutrumenment t by by makmaking fiveing five

impacts uniformly distributed across a calibrated test surface of impacts uniformly distributed across a calibrated test surface of 

a standardized test block.a standardized test block.
16.16.2 2 The The Leeb Leeb harhardnedness ss insinstrutrumenment t shashall ll be be conconsidsidereeredd

verified if the arithmetic average of the five individual impactverified if the arithmetic average of the five individual impact

readinreadings gs fall withinfall within 666 HL units of the reference value of the6 HL units of the reference value of the

calicalibrabrated ted sursurfacface. e. Any Any insinstrutrumenment t not not ververified ified shashall ll not not bebe

used for testing without repair and re-verification.used for testing without repair and re-verification.

C. C. CALIBRACALIBRATION OF STANDARTION OF STANDARDIZED HARDNESSDIZED HARDNESS

TEST BLOCKS FOR LEEB HARDNESSTEST BLOCKS FOR LEEB HARDNESS

INSTRUMENTSINSTRUMENTS

17. 17. ScopScopee

17.1 17.1 Part C Part C covers the calibratiocovers the calibration of n of standastandardized hardrdized hardnessness

test blocks used for the verification of Leeb hardness instru-test blocks used for the verification of Leeb hardness instru-
ments.ments.

18. 18. ManufManufactuacturere

18.1 18.1 Each test block shaEach test block shall be made of steel with dimensionll be made of steel with dimensionss

nonot t lesless s ththan an 3.3.54543 3 inin. . [9[90 0 mmmm] ] in in didiameameteter r by by 2.2.12126 6 inin..

[54 mm] thick for impact devices[54 mm] thick for impact devices  D, DC, D D, DC, D+15,+15,  DL DL,,  C  C ,, S  S , and, and

 E  E  and 4.724 in. [120 mm] in diameter by 2.756 in. [70 mm] and 4.724 in. [120 mm] in diameter by 2.756 in. [70 mm]

thick for impact devicethick for impact device  G G. The two opposite end plane surfaces. The two opposite end plane surfaces

shall be parallel.shall be parallel.

18.18.2 2 EacEach h bloblock ck shashall ll be be spespecificcifically prepaally prepared red and and heaheatt

treated to give a specific hardness and the necessary homoge-treated to give a specific hardness and the necessary homoge-

neity and stability of structure.neity and stability of structure.

18.3 18.3 Each steel block shall be demagnetizEach steel block shall be demagnetized by the ed by the manu-manu-

facturer and maintained demagnetized by the user.facturer and maintained demagnetized by the user.

18.18.4 4 A nonA non-tes-test t sursurfacface e of the of the test bloctest block k shashall have a ll have a finefine

ground finish of 276 µin. [7 µm] maximum.ground finish of 276 µin. [7 µm] maximum.

18.5 18.5 The test surfacThe test surface(s) shall be polishe(s) shall be polished or fine ground anded or fine ground and

free of scratches and other discontinuities which would influ-free of scratches and other discontinuities which would influ-

ence the rebound characteristics of the test block.ence the rebound characteristics of the test block.

18.6 18.6 The surface finish The surface finish of the test surof the test surface(s) shall not exceedface(s) shall not exceed

16 µin. [0.4 µm] maximum.16 µin. [0.4 µm] maximum.

18.18.7 7 TTo o ensensure that ure that no no matemateriarial l is is subsubseqsequenuently tly remremoveovedd

frofrom m the test the test sursurfaceface(s) of (s) of the the stastandandardirdized test zed test bloblock, anck, an

official mark or the thickness to an accuracy of official mark or the thickness to an accuracy of    660.001 in.0.001 in.

[[660.025 mm] at the time of calibration shall be marked on the0.025 mm] at the time of calibration shall be marked on the

test surface(s).test surface(s).

19. 19. Standardizing PrStandardizing Procedureocedure

19.19.1 1 The The stanstandardardizdizing ing harhardnedness ss test test bloblocks cks shashall ll be be calicali--

brbrateated d wiwith th a a LeLeeb eb ininststrurumement nt fofor r whwhicich h ththe e opopereratiationonalal

TABLE 10 HardnessTABLE 10 Hardness

MaterialMaterial
AverageAverageAA   Repeatability  Repeatability

Standard DeviationStandard Deviation

ReproducibilityReproducibility

Standard DeviationStandard Deviation
   ReRepepeatatababililitity y LiLimimit t ReReprprododucucibibililitity y LiLimimitt

xx̄ ¯     SSrr    SSRR    r r RR

Blocks 0521, 0520, and 0519 –Blocks 0521, 0520, and 0519 –

Level 1 hardnessLevel 1 hardness

779955..7  7  33..4  4  66..5  5  99..5  5  1188..11

Blocks 0518, 0517, and 0516 –Blocks 0518, 0517, and 0516 –

Level 2 hardnessLevel 2 hardnessAA

772288..9  9  44..1  1  55..9  9  1111..6  6  1166..66

Blocks 0515, 0514, and 0513 –Blocks 0515, 0514, and 0513 –

Level 3 hardnessLevel 3 hardness

667744..7  7  22..7  7  44..4  4  77..5  5  1122..44

Blocks 0512, 0511, and 0510 –Blocks 0512, 0511, and 0510 –

Level 4 hardnessLevel 4 hardness

559955..9  9  22..4  4  55..1  1  66..8  8  1144..44

Blocks 059, 058, and 057 –Blocks 059, 058, and 057 –

Level 5 hardnessLevel 5 hardnessAA

551122..8  8  33..0  0  88..0  0  88..5  5  2222..55

AA Data from Data from only five only five laboralaboratories used.tories used.
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chacharactracterieristicstics s havhave e beebeen n cercertifietified d by by the the manmanufaufacturcturer er andand

which has been verified in accordance with the requirements of which has been verified in accordance with the requirements of 

Part B.Part B.

19.2 19.2 Make ten Make ten unifouniformly distriburmly distributed hardness impacts onted hardness impacts on

the test surface of the test block.the test surface of the test block.

19.3 19.3 TTake the arithmetic mean of all of the ake the arithmetic mean of all of the readinreadings as thegs as the

mean hardness of the calibrated test block surface.mean hardness of the calibrated test block surface.

19.19.4 4 Leeb test blocLeeb test blocks may be ks may be calicalibrabrated on one ted on one or both of or both of 

the opposite end plane surfaces.the opposite end plane surfaces.

20. 20. UnifoUniformirmity of ty of HardnHardnessess

2020.1 Unle.1 Unless ss ththe e didifffefererencnce e bebetwtween een ththe e larlargegest st anand d ththee

smallest of the ten readings is less than 13 Leeb units, the block smallest of the ten readings is less than 13 Leeb units, the block 

cannot be regarded as sufficiently uniform for standardizationcannot be regarded as sufficiently uniform for standardization

purposes.purposes.

21. 21. MarkMarkinging

21.1 21.1 Each block shaEach block shall be marked with:ll be marked with:

21.1.21.1.1 1 ArithmArithmetic mean of the hardness values fouetic mean of the hardness values found in thend in the

standardization test suffixed by the scale designation letter (forstandardization test suffixed by the scale designation letter (for

example,example,   HLDHLD).).

21.1.21.1.2 2 The name or mark of The name or mark of the suppliethe supplier.r.

21.1.21.1.3 3 The thickneThe thickness of the test block.ss of the test block.

22. 22. KeywKeywordsords

22.1 22.1 dynamdynamic hardness test; Equotip; Equotic hardness test; Equotip; Equotip hardness test;ip hardness test;

Leeb; rebound hardness testLeeb; rebound hardness test

APPENDIXESAPPENDIXES

(Nonmandatory Information)(Nonmandatory Information)

X1. X1. STSTANDARD SINGLE COIL REBOUND HARDNESS TESTERS ACCANDARD SINGLE COIL REBOUND HARDNESS TESTERS ACCORDING TO THE ORDING TO THE LEEB PRINCIPLELEEB PRINCIPLE

X1.1 X1.1 General DeGeneral Descriptionscription

X1.1.X1.1.1 1 There are eight establishThere are eight established types of impact devicesed types of impact devices

for rebound hardness testers according to the Leeb principle:for rebound hardness testers according to the Leeb principle:

 D D,, DC  DC ,, E  E ,, D D+15,+15, DL DL,, C  C ,, S  S , and, and G G. The . The impact devicesimpact devices D D  and and  E  E 

have become industry standards for general purpose applica-have become industry standards for general purpose applica-

tions since the first introduction of thetions since the first introduction of the   DD-device in 1975. The-device in 1975. The

other types have been added with the time for applications withother types have been added with the time for applications with

special requirements. For more details, seespecial requirements. For more details, see  X1.4 X1.4..

X1X1.1.1.2 .2 It It is is wewell ll knknowown n ththat at ththee    LL-re-readiadings for ngs for a a givgivenen

specimen differ significantly, depending on the impact devicespecimen differ significantly, depending on the impact device

type used. The main reasons for this are:type used. The main reasons for this are:

X1.1.2X1.1.2.1 .1 DifDifferent impact ferent impact enerenergies;gies;X1.1.2X1.1.2.2 .2 DifDifferent sizes and materials of the ferent sizes and materials of the indentindenter; ander; and

X1.1.2X1.1.2.3 .3 DifDifferent stifferent stiffnessefnesses s of the of the impact bodies.impact bodies.

X1.1.3 X1.1.3 One importOne important advantagant advantage of the e of the Leeb testing methoLeeb testing methodd

isis, , ththat at it it cacan n be be usused ed fofor r anany y didirerectictionon. . ThThe e reresusults are,lts are,

howhoweveeverr, , not not comcomplepletely tely indindepeependendent nt on on the the impimpact act angangle.le.

Each of the standard probes has its own characteristic directionEach of the standard probes has its own characteristic direction

dependency, which is determined by:dependency, which is determined by:

X1.X1.1.31.3.1 .1 The The comcombinbinatioation n of of the the impimpact act velovelocity and city and thethe

free flight length of the impact body; andfree flight length of the impact body; and

X1.1.3X1.1.3.2 .2 The shape of the induction voltaThe shape of the induction voltage signal, which isge signal, which is

determined by the velocity versus time curve on the one handdetermined by the velocity versus time curve on the one hand

and by the characteristics of the sensor coil and the permanentand by the characteristics of the sensor coil and the permanent

magnet on the other hand.magnet on the other hand.

X1.1.4 X1.1.4 For the standard For the standard single coil rebound hsingle coil rebound hardness testingardness testing
devices, a typical induction voltage curve is sketched indevices, a typical induction voltage curve is sketched in   Fig.  Fig.

X1.2X1.2   where the shape of this curve is unique for all impact  where the shape of this curve is unique for all impact

devices of this type. The impact and rebound velocities aredevices of this type. The impact and rebound velocities are

assumed to be proportional to the extreme valuesassumed to be proportional to the extreme values   AA    andand    BB   of of 

the signal curve, which is a good approximation, if the devicethe signal curve, which is a good approximation, if the device

is constructed so, that the extremes are near the signal stepis constructed so, that the extremes are near the signal step

cacausused ed by by ththe e impimpactact. . If If ththey ey arare e totoo o nenearar, , hohoweweveverr, , ththee

reproreproducibducibility of ility of the the measurmeasurement suffement suffers, because ers, because the the signalsignal

is often disturbed short after the impact. The width of the signalis often disturbed short after the impact. The width of the signal

curve has some influence on the result, because it determines,curve has some influence on the result, because it determines,

how good the proportionality between minimum valuehow good the proportionality between minimum value   BB   andand

rebound velocity is.rebound velocity is.

X1.1.X1.1.5 5 AnothAnother parameter of er parameter of paramoparamount importancunt importance e deterdeter--

mining the actualmining the actual  L L  value for a material of a given hardness is value for a material of a given hardness is

the impact energy, which follows from the impact velocity, thethe impact energy, which follows from the impact velocity, the
mass of the impact body, and its stiffness (which determinesmass of the impact body, and its stiffness (which determines

hohow w mumuch ch enenerergy gy ththe e imimpapact ct bobody dy ababsosorbrbs)s). . In In orordeder r toto

reproduce the standard direction dependency, it is necessary toreproduce the standard direction dependency, it is necessary toFIG. X1.1 Impact Device DFIG. X1.1 Impact Device D
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specify velocity and mass separately and to have a specific freespecify velocity and mass separately and to have a specific free
flight length. This means that the impact energy in general isflight length. This means that the impact energy in general is

the most important parameter for significance of the most important parameter for significance of   LL-values for-values for

all all rebrebounound d harhardnedness ss testtesters ers worworkinking g in in uniunits ts of of the the eigeightht

difdifferenferent t standastandard rd impact devices impact devices listed inlisted in    6.16.1   and given in  and given in

Table X1.1Table X1.1.. Furthermore, the Furthermore, the L L  value depends on the geometry value depends on the geometry

of of the the indindententer er and and its its matmateriaerial l proproperpertiesties, , prepredomdominainantlyntly

hardness and elasticity.hardness and elasticity.

X1.1.X1.1.6 6 FinallyFinally, , the effect of the effect of decelerdeceleration by ation by eddy currentseddy currents

may affect the result. So the tube material must be specified,may affect the result. So the tube material must be specified,

too, as well as special precautions have to be taken to reducetoo, as well as special precautions have to be taken to reduce

eddy currents.eddy currents.

X1.2 X1.2 SpecSpecificaifications of tions of StandStandard Single Coil ard Single Coil HardnHardnessess

TestersTesters

X1.2.1X1.2.1   Tabl  Table e X1.1X1.1  compiles the relevant specification for  compiles the relevant specification for
impact devicesimpact devices   D/DC   D/DC ,,    E E ,,    DD+15,+15,    DLDL    ,,    C C ,,    S S , and, and    GG. Coil and. Coil and

permanpermanent magnet are ent magnet are not explicitly specifiednot explicitly specified. They . They have to have to bebe

chochosen in sen in sucsuch h a a wayway, , thathat t the specifithe specified ed parparameameters of ters of thethe

induction voltage signal are fulfilled. For the definition of someinduction voltage signal are fulfilled. For the definition of some
of the parameters refer toof the parameters refer to  Fig. X1.2 Fig. X1.2..

X1.3 X1.3 Impact DireImpact Direction Compensatiction Compensationon

X1.3.X1.3.1 1 RebouRebound hardness testing devices designed accord-nd hardness testing devices designed accord-

ining g to to ththe e ababovove e spspececificificatiationons s wiwill ll nonot t ononly ly gigive ve cocorrrrecectt

readings for vertical downward impacts, but will also have areadings for vertical downward impacts, but will also have a

chacharacracterteristiistic c depdependendencency y on on the the impimpact act angangle le as as shoshown wn inin

Tables X1.2-X1.9Tables X1.2-X1.9..

X1.3.2X1.3.2  Tables X1.2-X1.9 Tables X1.2-X1.9 can be used for instruments deter- can be used for instruments deter-

minmining only ing only the the velvelociocity ty ratiratio o in in ordorder er to to comcompenpensatsate e thethe

readings manually for other directions than vertically down.readings manually for other directions than vertically down.

With microprocessor controlled instruments, the user may setWith microprocessor controlled instruments, the user may set

the the impimpact act dirdirectiection on and and the the insinstrutrumenment t can can detedetermirmine ne andand

displadisplay y the the approappropriatelpriately y compecompensated nsated values values automaautomaticallytically..

Instruments containing some means for determining the impactInstruments containing some means for determining the impact
angangle le can can makmake e a a fulfully ly autoautomatimatic c dirdirectection ion comcompenpensatisation,on,

eliminating the possibility of incorrect instrument settings byeliminating the possibility of incorrect instrument settings by

the user.the user.

FIG. X1.2 Principle of FIG. X1.2 Principle of StandaStandard Single rd Single Coil Leeb Coil Leeb HardnHardness ess TTestersesters
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X1.4 X1.4 GuideGuidelinelines s for Selecfor Selection and tion and Use of Use of the Difthe Differferentent

Impact DevicesImpact Devices

Impact DeviceImpact Device  D  D 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  668  8  HHRRC  C  ø  ø  00..77887  7  ×  ×  55..77887  7  iinn.  .  [[220  0  ×  ×  11447  7  mmmm]]

X1X1.4.4.1 The .1 The ununiviverersasal l ununit it fofor r ththe e mamajojoririty ty of of hahardrdnenessss

measurements with a wide measuring range. Applications onmeasurements with a wide measuring range. Applications on

steel and cast steel, cold work tool steel, stainless steel, caststeel and cast steel, cold work tool steel, stainless steel, cast

iroiron n (la(lamellmellar ar and and nodnodular ular gragraphiphite), te), cast cast alualuminminum um alloalloys,ys,

brabrass, ss, brobronzenze, , wrowroughught t copcopper per alloalloys ys low low alloalloyedyed. . ImpImpactact

bodies tend to wear out at the high end of hardness range.bodies tend to wear out at the high end of hardness range.

Impact DeviceImpact Device  DC  DC 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  668  8  HHRRC  C  ø  ø  00..77887  7  ×  ×  33..33886  6  iinn.  .  [[220  0  ×  ×  886  6  mmmm]]

X1.4.2 X1.4.2 ShorShort impact device which has t impact device which has the same propertiesthe same properties

and applicatioand applications like ns like the impact devicethe impact device D D. Special applications. Special applications

in very confined spaces like holes, cylinders or measurementsin very confined spaces like holes, cylinders or measurements

inside of assembled machines and constructions.inside of assembled machines and constructions.

Impact DeviceImpact Device  D  D +15+15

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  668  8  HHRRC  C  ø  ø  00..77887  7  ×  ×  66..33778  8  iinn.  .  [[220  0  ×  ×  11662  2  mmmm]]

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

larlarity ity is is slislim m frofront nt secsection which tion which alloallows ws harhardnedness ss measmeasureure--

ments in holes and grooves and on recessed surfaces (elongatedments in holes and grooves and on recessed surfaces (elongated

impact body and coil position 15 mm elevated).impact body and coil position 15 mm elevated).

Impact DeviceImpact Device  G  G 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  66446  6  HHB  B  ø  ø  11..11881  1  ×  ×  110  0  iinn.  .  [[330  0  ×  ×  22554  4  mmmm]]

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

PPrrooppeerrtty  y  SSyymmbbool  l  UUnniitt    DD//DDC  C  S  S  E  E  D  D  +15+15    DDL  L  C  C  G  G  

Impact velocityImpact velocityAA vvAA    ftft/s /s [m[m/s/s] ] 6.6.73 73 [2[2.0.05]5]

± ± 5%5%

6.73 [2.05]6.73 [2.05]

± ± 5 5 %%

6.73 [2.05]6.73 [2.05]

± ± 5 5 %%

5.58 [1.7]5.58 [1.7]

± ± 5 5 %%

5.97 [1.82]5.97 [1.82]

± ± 5 5 %%

4.56 [1.39]4.56 [1.39]

± ± 5 5 %%

9.78 [2.98]9.78 [2.98]

± ± 5 5 %%

IImmppaacct  t  bbooddyy,  ,  mmaasss  s  M  M  ooz  z  [[gg]  ]  00..11992  2  ±  ±  00..000022

[5.45 ± 0.05][5.45 ± 0.05]

0.190 ± 0.0020.190 ± 0.002

[5.40 ± 0.05][5.40 ± 0.05]

0.192 ± 0.0020.192 ± 0.002

[5.45 ± 0.05][5.45 ± 0.05]

0.273 ± 0.0020.273 ± 0.002

[7.75 ± 0.05][7.75 ± 0.05]

0.256 ± 0.0020.256 ± 0.002

[7.25 ± 0.05][7.25 ± 0.05]

0.109 ± 0.0020.109 ± 0.002

[3.1 ± 0.05][3.1 ± 0.05]

0.705 ± 0.0020.705 ± 0.002

[20.00 ± 0.05][20.00 ± 0.05]

materimaterial: St al: St 18/8,18/8,

nonmagneticnonmagnetic

FFrreee  e  flfliigghht  t  lleennggtth  h  H  H  iinn.  .  [[mmmm]  ]  00..33115  5  ±  ±  00..003399

[8 ± 1][8 ± 1]

0.315 ± 0.0390.315 ± 0.039

[8 ± 1][8 ± 1]

0.315 ± 0.0390.315 ± 0.039

[8 ± 1][8 ± 1]

0.315 ± 0.0390.315 ± 0.039

[8 ± 1][8 ± 1]

0.315 ± 0.0390.315 ± 0.039

[8 ± 1][8 ± 1]

0.315 ± 0.0390.315 ± 0.039

[8 ± 1][8 ± 1]

0.591 ± 0.0390.591 ± 0.039

[15 ± 1][15 ± 1]

Tube material: aluminium,Tube material: aluminium,

nonmagneticnonmagnetic

EEddddy  y  ccuurrrreennt  t  sslliit  t  yyees  s  nno  o  nno  o  yyees  s  yyees  s  yyees  s  nnoo
IInnddeenntteerr,  ,  rraaddiiuus  s  R  R  iinn.  .  [[mmmm]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00559  9  [[11..55]  ]  00..00555  5  [[11..3399]  ]  00..00559  9  [[11..55]  ]  00..00998  8  [[22..55]]

mmaatteerriiaal  l  TTCCB B  SiSi33NN44    PKDPKDC C  TTC  C  TTC  C  TTC  C  TTCC

hhaarrddnneesss  s  h  h  HHV  V  1166000  0  ((ttyypp)  )  1166000  0  ((ttyypp))    $$4455000  0  ((ttyypp)  )  1166000  0  ((ttyypp)  )  1166000  0  ((ttyypp)  )  1166000  0  ((ttyypp)  )  1166000  0  ((ttyypp))

Induction signal, peakInduction signal, peak

positionposition

tt1  1  mms  s  22..5  5  ±  ±  330  0  %  %  22..5  5  ±  ±  330  0  %  %  22..5  5  ±  ±  330  0  %  %  22..5  5  ±  ±  330  0  %  %  22..5  5  ±  ±  330  0  %  %  44..0  0  ±  ±  330  0  %  %  22..0  0  ±  ±  330  0  %%

half widthhalf width    ∆∆t  t  mms  s  00..555  5  ±  ±  00..115  5  00..555  5  ±  ±  00..115  5  00..555  5  ±  ±  00..115  5  00..555  5  ±  ±  00..115  5  00..555  5  ±  ±  00..115  5  00..662  2  ±  ±  00..220  0  00..555  5  ±  ±  00..1155

AA Impact direction: vertical down.Impact direction: vertical down.
B B  TC = TC = tungsttungsten carbide.en carbide.
C C  PCD = polycrystaline diamond.PCD = polycrystaline diamond.

TABLE X1.2 Impact Direction Compensations, Probe D/DCTABLE X1.2 Impact Direction Compensations, Probe D/DC

LLDD

300300

--6  6  --112  2  --220  0  --2299

350350

--6  6  --112  2  --119  9  --2277

400400

--5  5  --111  1  --118  8  --2255

450450

--5  5  --110  0  --117  7  --2244

500500

--5  5  --110  0  --116  6  --2222

550550

--4  4  --9  9  --115  5  --2200

600600

--4  4  --8  8  --114  4  --1199

650650

--4  4  --8  8  --113  3  --1188

700700

--3  3  --7  7  --112  2  --1177

750750

--3  3  --6  6  --111  1  --1166

800800

--3  3  --6  6  --110  0  --1155

850850
--2  2  --5  5  --9  9  --1144

900900

TABLE X1.3 Impact Direction Compensations, Probe ETABLE X1.3 Impact Direction Compensations, Probe E

LLEE

300300

--5  5  --9  9  --118  8  --2266

350350

--4  4  --9  9  --117  7  --2244

400400

--4  4  --9  9  --116  6  --2222

450450

--4  4  --8  8  --115  5  --2211

500500

--4  4  --8  8  --114  4  --2200

550550

--4  4  --8  8  --113  3  --1188

600600

--3  3  --7  7  --112  2  --1177

650650

--3  3  --7  7  --112  2  --1166

700700

--3  3  --6  6  --111  1  --1155

750750

--3  3  --6  6  --110  0  --1144

800800

--3  3  --5  5  --9  9  --1133

850850
--2  2  --5  5  --8  8  --1122

900900

A956/A956M − 22A956/A956M − 22

99



                        

    

X1.4.X1.4.4 4 IncreIncreased impact energy (approxased impact energy (approximately 9 imately 9 times of times of 

that for that for the the stanstandardard d impimpact act devdeviceice    DD). Appli). Applicatication on in in thethe

Brinell-range on heavy coarse grained castings and forgings,Brinell-range on heavy coarse grained castings and forgings,

on steel and cast steel, cast iron (lamellar and nodular graphite)on steel and cast steel, cast iron (lamellar and nodular graphite)

and cast aluminium. Requires less surface finish than impactand cast aluminium. Requires less surface finish than impact

devicedevice  D D  for accurate readings. for accurate readings.

Impact DeviceImpact Device  E  E 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  772  2  HHRRC  C  ø  ø  00..77887  7  ×  ×  66..11002  2  iinn.  .  [[220  0  ×  ×  11555  5  mmmm]]

X1.4X1.4.5 Spher.5 Sphericalically ly shashaped ped synsynthetthetic ic diamdiamond ond (ap(approproxi-xi-
mately 5000 HV) tipped impact body. Same materials to bemately 5000 HV) tipped impact body. Same materials to be

tested like tested like standastandardrd    DD   unit   unit but but at at extextendended ed harhardnedness ss ranrange.ge.

ApApplplicaicatiotions ns fofor r memeasuasureremement nt in in ththe e hihigh gh enend d rarangnge, e, foforr

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

LLDD

300300

--7  7  --114  4  --226  6  --3388

350350

--7  7  --113  3  --225  5  --3366

400400

--6  6  --112  2  --223  3  --3344

450450

--6  6  --112  2  --222  2  --3322
500500

--6  6  --111  1  --221  1  --3300

550550

--6  6  --111  1  --220  0  --2288

600600

--5  5  --110  0  --119  9  --2277

650650

--5  5  --110  0  --118  8  --2255

700700

--5  5  --9  9  --117  7  --2244

750750

--4  4  --9  9  --116  6  --2255

800800

--4  4  --8  8  --115  5  --2211

850850

--4  4  --8  8  --114  4  --2200

900900

TABLE X1.5 Impact Direction Compensations, Probe CTABLE X1.5 Impact Direction Compensations, Probe C

LLEE

300300

--7  7  --1155

350350

--7  7  --1144

400400

--7  7  --1133

450450

--6  6  --1133

500500

--6  6  --1122

550550

--6  6  --1111

600600

--5  5  --1100

650650

--5  5  --1100
700700

--4  4  --99

750750

--4  4  --88

800800

--4  4  --77

850850

--3  3  --66

900900

TTABLE X1.6 ABLE X1.6 Impact DirectioImpact Direction n CompeCompensationsations, Probe ns, Probe G, G, SteelSteel

LLDD

300300

--2  2  --5  5  --112  2  --1188

350350

--2  2  --5  5  --111  1  --1177

400400

--2  2  --5  5  --111  1  --1166

450450

--2  2  --5  5  --110  0  --1155
500500

--2  2  --5  5  --9  9  --1144

550550

--2  2  --5  5  --9  9  --1133

600600

--2  2  --5  5  --8  8  --1122

650650

--2  2  --5  5  --8  8  --1111

700700

--2  2  --5  5  --7  7  --1100

750750

TABLE X1.7 Impact Direction Compensations, Probe G, CastTABLE X1.7 Impact Direction Compensations, Probe G, Cast

MaterialsMaterials

LLEE

350350

--2  2  --5  5  --111  1  --1177

400400

--2  2  --5  5  --111  1  --1166

450450

--2  2  --5  5  --110  0  --1155

500500

--2  2  --5  5  --9  9  --1144

550550

--2  2  --5  5  --9  9  --1133

600600

TABLE X1.8 Impact Direction Compensations, Probe DLTABLE X1.8 Impact Direction Compensations, Probe DL

LLDD

550550

--3  3  --6  6  --111  1  --1166

600600

--3  3  --5  5  --110  0  --1144

650650

--2  2  --5  5  --9  9  --1133

700700

--2  2  --4  4  --7  7  --1122

750750

--2  2  --3  3  --6  6  --1100

800800

--2  2  --3  3  --5  5  --99

850850

--2  2  --2  2  --4  4  --77

900900

--2  2  --2  2  --3  3  --66

950950
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example, on steel and cast steel, stainless steel, cold work toolexample, on steel and cast steel, stainless steel, cold work tool
steel with steel with carbidcarbide e inclusinclusions and on ions and on rolls in rolls in the hardness rangethe hardness range

up to 1200 HV. Impact bodies show no wear even at highup to 1200 HV. Impact bodies show no wear even at high

hardness levels when compared tohardness levels when compared to  D D  device. device.

Impact DeviceImpact Device  C  C 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  770  0  HHRRC  C  ø  ø  00..77887  7  ×  ×  55..55551  1  iinn.  .  [[220  0  ×  ×  11441  1  mmmm]]

X1.4.6 X1.4.6 Reduced impact Reduced impact energy energy (approximately(approximately  1 1 ⁄  ⁄ 44 of that for of that for

impact deviceimpact device D D) ) and therefore covers slightly wider and therefore covers slightly wider hardnhardnessess

ranrange ge thathan n devdeviceice    DD. . ApAppliplicatcationions s on on susurfarface ce harhardendeneded

cocompmpononenents, ts, cocoatiatingngs. s. MinMin. . laylayer er ththickickneness ss of of 0.0.01012 2 inin..

[0.3 mm]. Applications on walled or impact sensitive compo-[0.3 mm]. Applications on walled or impact sensitive compo-

nennents ts (sm(small all meameasursuring ing indindententatioation) n) tootoo. . MeaMeasursuremeements nts onon

steel and cast steel, cold work tool steel and cast aluminumsteel and cast steel, cold work tool steel and cast aluminum

alloys. Requires better surface finish than impact devicealloys. Requires better surface finish than impact device   DD..

Impact DeviceImpact Device  DL DL

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  668  8  HHRRC  C  ø  ø  00..77887  7  ×  ×  77..99553  3  iinn.  .  [[220  0  ×  ×  22002  2  mmmm]]

X1.4.7 X1.4.7 Same range of applicationSame range of applications likes like    DD+15 but has the+15 but has the

speciality of slimmer front section (ø 0.157 × 1.969 in. [4 ×speciality of slimmer front section (ø 0.157 × 1.969 in. [4 ×

50 mm] for use in confined spaces and at the base of grooves,50 mm] for use in confined spaces and at the base of grooves,

drill holes, and gears respectively.drill holes, and gears respectively.

Impact DeviceImpact Device  S  S 

mmaaxx.  .  hhaarrddnneesss  s  ddiimmeennssiioonnss

uup  p  tto  o  770  0  HHRRC  C  ø  ø  00..77887  7  ×  ×  66..11002  2  iinn.  .  [[220  0  ×  ×  11555  5  mmmm]]

X1.4.8 SpheX1.4.8 Spherically shaped rically shaped silicon nitride silicon nitride (appr(approximaoximatelytely

1600 HV) tipped impact body1600 HV) tipped impact body. Same . Same materiamaterials to ls to be tested likebe tested like

standardstandard    DD  unit but at extended hardness range. Applications unit but at extended hardness range. Applications

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

and cast steel, stainless steel, cold work tool steel with carbideand cast steel, stainless steel, cold work tool steel with carbide
inclusions and on rolls in the hardness range up to 1200 HV.inclusions and on rolls in the hardness range up to 1200 HV.

Impact bodies show minimal wear even at high hardness levelsImpact bodies show minimal wear even at high hardness levels

when compared towhen compared to   DD  device. device.

X2. X2. GENERAL DEGENERAL DESCRIPTION AND TEST PROCEDURSCRIPTION AND TEST PROCEDURE FOR E FOR LEEB HARDNESS TEST ACCORLEEB HARDNESS TEST ACCORDING TO THEDING TO THE

MULTIPLE-COIL INSTRUMENTMULTIPLE-COIL INSTRUMENT

X2.1 ScopeX2.1 Scope

X2.1.X2.1.1 1 The patented rebouThe patented rebound method by Krautkramnd method by Krautkramer is er is aa

further development of the original Leeb method (seefurther development of the original Leeb method (see  Appen- Appen-

dix X1dix X1). The measurement readings determined by the latter). The measurement readings determined by the latter

method are erroneous due to gravitational acceleration and aremethod are erroneous due to gravitational acceleration and are

not not indindepeependendent nt of of dirdirectiection. on. The The resresultults s musmust t thetherefrefore ore bebe

correspondingly corrected. This disadvantage is not apparent incorrespondingly corrected. This disadvantage is not apparent in

instruments which operate according to the Krautkramer re-instruments which operate according to the Krautkramer re-

bound method.bound method.

X2.1.X2.1.2 2 The directionThe direction-depe-dependencndence of e of the measuremethe measurement read-nt read-

ings result essentially from:ings result essentially from:

X2.X2.1.21.2.1 .1 A A kinkinemaematic tic errerror or caucaused sed by by gragravitavitatiotional nal forforcece

and friction (at the measurement locationand friction (at the measurement location    t t 
aa

  resp.  resp.    t t 
aa

'), if not'), if not

measured within the impact timemeasured within the impact time  t  t 
0000

 (refer to (refer to  Fig. X2.1 Fig. X2.1)); and; and

X2.X2.1.21.2.2 A .2 A chachange nge in in the the efeffecfectivtive, e, inflinfluenuencincing g eneenergrgyy

depending on the position resp. direction being applied.depending on the position resp. direction being applied.

X2.X2.1.3 1.3 The first effThe first effect is ect is avoavoideided d by evaluaby evaluatiotion n of a of a timetime

signal correlated with location information of the impact body.signal correlated with location information of the impact body.

It is of advantage to arrange the impact body (magnets) and theIt is of advantage to arrange the impact body (magnets) and the

coil so that coil so that the impact signal as well the impact signal as well as the as the rebourebound signal usesnd signal uses

at least two zero transitions (in this case 3) of the inducedat least two zero transitions (in this case 3) of the induced
voltage as support points for the evaluation of the curve. Thevoltage as support points for the evaluation of the curve. The

complecomplete te curve is curve is digitizdigitized for ed for evaluatevaluation and ion and mapped into themapped into the

instrument’s memory.instrument’s memory.

X2.1.4 X2.1.4 The second effThe second effect is ect is compencompensated by calibration of sated by calibration of 

the impacting device in the various application positions and atthe impacting device in the various application positions and at

various degrees of hardness.various degrees of hardness.

X2.2 X2.2 General DescriptiGeneral Description of Instruments and Test Procon of Instruments and Test Proce-e-
dure for Leeb Hardness Test According to thedure for Leeb Hardness Test According to the

Krautkramer InstrumentKrautkramer Instrument

X2.2.1X2.2.1   Compensation of Kinematic Error   Compensation of Kinematic Error 

TABLE X1.9 Impact Direction Compensations, Probe STABLE X1.9 Impact Direction Compensations, Probe S

LLSS

400400

--4  4  --9  9  --116  6  --2233

450450

--4  4  --8  8  --115  5  --2222

500500

--4  4  --8  8  --114  4  --2211

550550

--4  4  --7  7  --113  3  --1199
600600

--3  3  --7  7  --112  2  --1188

650650

--3  3  --7  7  --112  2  --1166

700700

--3  3  --6  6  --111  1  --1155

750750

--3  3  --6  6  --110  0  --1144

800800

--3  3  --5  5  --9  9  --1122

850850

--2  2  --5  5  --8  8  --1111

900900

--2  2  --5  5  --7  7  --1100

950950

FIG. X2.1 Schematic VoltaFIG. X2.1 Schematic Voltage Signal ge Signal GeneraGenerated By ted By the Impactthe Impact
Body Travelling Through the Krautkramer Coil SystemBody Travelling Through the Krautkramer Coil System
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X2.X2.2.12.1.1 .1 The The sigsignal nal curcurve ve accoaccordirding ng toto   Fig. X2.1  Fig. X2.1   is pro-  is pro-

duced during the impact and rebound trip of the impact body,duced during the impact and rebound trip of the impact body,

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

The primaThe primary part ry part of the of the curcurve ve (in(index prefidex prefixed with “0”) xed with “0”) isis

produced by the impact and the secondary part of the curveproduced by the impact and the secondary part of the curve

(indicated with the prefix “1”) by the return trip. The moments(indicated with the prefix “1”) by the return trip. The moments

t t 0101
,,  t  t 0202

,,  t  t 0303
 correspond to correspond to  t  t 1111

,,  t  t 1212
,,  t  t 1313

, that is, at these times the, that is, at these times the

impact body is correspondingly at the same positionimpact body is correspondingly at the same position    x x ((t t 00) ) ==

 x  x ((t t 11), also), also   x x ((t t 0101) ) ==   x x ((t t 1111););   x x ((t t 0202) ) ==  x  x ((t t 1212) and) and   x x ((t t 0303) ) ==  x  x ((t t 1313).).

X2.X2.2.12.1.2 .2 UsiUsing the ng the magmagnetnetic ic flow throflow through a ugh a coil with thecoil with the
surfacesurface   AA::

ΦΦ~~t t !! 55 **
 A A

 B B~~r r ,,t t !! ··dAdA   (X2.1)  (X2.1)

where:where:

 B(r B(r,t),t)    = = magmagnetnetic ic fieldfield,,
t t     = = timtime, e, anandd
r r     = = pospositioition.n.

X2.X2.2.12.1.3 .3 The time The time proprogregressission of on of the coil the coil volvoltagtage e can becan be

calculated:calculated:

uu~~t t !! 55 cc~~ x  x ~~t t !!!! vv~~t t !!   (X2.2)  (X2.2)

where:where:

c(x(t)c(x(t)    = = functifunction of the poon of the position osition of the impact bof the impact bodydy, and, and

v(t)v(t)    = = velocitvelocity y of of the the impact impact bodybody..
X2.X2.2.12.1.4 .4 The ratio of the The ratio of the volvoltagtage e at the at the mommoment of ent of impimpactact

must be found, that is:must be found, that is:

hh 55
vv
11
~~00!!

vv
00~~00!!

  (X2.3)  (X2.3)

X2.2.1X2.2.1.5 .5 Using the reproduUsing the reproduction lawction law  t  t 11((t t 00) produces) produces  x  x ((t t 00) ) ==

 x  x ((t t 11((t t 00)) also at the same position as)) also at the same position as   cc((t t 00) ) ==   cc((t t 11((t t 00)) which in)) which in

turn produces:turn produces:

uu~~t t 
11~~t t 

00!!!!
uu~~t t 

00
!!

   55
cc~~ x  x ~~t t 

11~~t t 
00!!!! !!

cc~~ x  x ~~t t 
00
!!!!

vv~~t t 
11~~t t 

00!!!!
vv~~t t 

00
!!

   55
vv~~t t 

11~~t t 
00!!!!

vv~~t t 
00
!!

   55 vv
1010~~t t 

00!!  (X2.4) (X2.4)

X2.2.1X2.2.1.6 .6 The ratio of the induction voltagThe ratio of the induction voltages is es is thereftherefore theore the

same as the ratio of the velocity to the corresponding times.same as the ratio of the velocity to the corresponding times.

X2.2.1X2.2.1.7 .7 Three curve points for the Three curve points for the reproreproductioduction lawn law    t t 11((t t 00))

can be found after determination of the zero points from thecan be found after determination of the zero points from the

meameasursuremeement nt sigsignalnal. . The The comcompleplete te repreprodroductuction ion law law is is ob-ob-

tained by interpolation between these curve points so that thetained by interpolation between these curve points so that the

corresponding amplitude valuecorresponding amplitude value    uu((t t 11) can be allocated to each) can be allocated to each

voltage valuevoltage value    uu((t t 00) enabling the velocity ratio (except at the) enabling the velocity ratio (except at the

zero positions themselves) to be calculated. Finally extrapola-zero positions themselves) to be calculated. Finally extrapola-

tion takes places at tion takes places at the required impact time. The starting pointthe required impact time. The starting point

is is ththe e raratitioo    t t 
aa

' ' / /    t t 
aa

  whic  which h corcorresresponponds ds to to the the uncuncorrorrecteectedd

measurement reading according to Leeb (seemeasurement reading according to Leeb (see  Appendix X1  Appendix X1))..

X2.2.X2.2.1.8 1.8 The The methomethod d guaraguarantees a ntees a considconsiderable toleranceerable tolerance

with regard to the with regard to the characharacteristicteristics of cs of the impact device enablingthe impact device enabling

exchange of the impact body without any difficulty and withoutexchange of the impact body without any difficulty and without

having to recalibrate the instrument. Only the mass must behaving to recalibrate the instrument. Only the mass must be
kept within narrow tolerances. As opposed to this, the positionkept within narrow tolerances. As opposed to this, the position

of the zero points, and to a certain amount also the minimumof the zero points, and to a certain amount also the minimum

FIG. X2.2 Design of the Kraukramer Impact Device DFIG. X2.2 Design of the Kraukramer Impact Device D
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atat    t t 
aa

, , varvary y (ma(magnegnetic tic fielfield d geogeometrmetry) y) witwithouhout t caucausinsing g anyany

incorrincorrect ect readinreadings gs worth mentioning about.worth mentioning about.

X2.2.2X2.2.2  Correction of the Impact Energy at Different Impact  Correction of the Impact Energy at Different Impact 

 Directions  Directions and and Production Production TTolerances olerances of of the the Impact Impact DevicesDevices

X2X2.2.2.2.2.1 The .1 The imimpapact ct dedevivices ces arare e cacaliblibrarateted d in in orordeder r toto

compensate the dependence of the velocity ratio on the impactcompensate the dependence of the velocity ratio on the impact

energy as well as the differences in the mechanical design of energy as well as the differences in the mechanical design of 

the impact device. To do this, the rebound values are measured,the impact device. To do this, the rebound values are measured,

as described above, on two hardness reference blocks havingas described above, on two hardness reference blocks having

difdifferferentent, , knoknown wn harhardnedness ss valvaluesues. . ThrThree ee meameasursuremeements nts areare
made for each of the five impact directions, +90° (verticallymade for each of the five impact directions, +90° (vertically

downwards), +60°, 0° (horizontal), −60° and −90° (verticallydownwards), +60°, 0° (horizontal), −60° and −90° (vertically

upwupwardards). s). In In addadditioition n to to the the harhardnedness, ss, the the time time inteintervarvall    ∆∆t t 

between the zero transitionsbetween the zero transitions    t t 0303    andand    t t 0101   is recorded in units  is recorded in units

havinghaving    11 ⁄  ⁄ 6464   scanning steps (approximately 0.7 µs). This is a  scanning steps (approximately 0.7 µs). This is a

measure for the velocity of the impact body: high velocitiesmeasure for the velocity of the impact body: high velocities

correscorrespond to pond to smallsmall   ∆∆t t , lower velocities to large, lower velocities to large   ∆∆t t . Owing to. Owing to

the the difdifferent orientationferent orientations s durinduring g the the measurmeasurement ement sequesequence,nce,

one one obtobtainains s comcompleplete te covcoveraerage ge of of the the impimpact act eneenergrgy y ranrangege

occurring when in operation.occurring when in operation.

X2.2.X2.2.2.2 2.2 The diffThe differenceerence  ∆∆hh  between the uncalibrated, mea- between the uncalibrated, mea-

sursured ed LeeLeeb b harhardnedness ss and and the the preprespespecificified ed refrefereerence nce bloblock ck 

hardness againsthardness against   ∆∆t t   is plotted for all measurement points and  is plotted for all measurement points and

both the resulting relationships are corrected by straight lines.both the resulting relationships are corrected by straight lines.

The gradients of the correction lines are stored in the serialThe gradients of the correction lines are stored in the serial

EPROM in the impact device together with the reference block EPROM in the impact device together with the reference block 

hardness and the position (hardness and the position (∆∆t t 00,,   ∆∆hh00
) of the intersection points) of the intersection points

of both lines.of both lines.

X2.2.2.3 X2.2.2.3 If the measurement prodIf the measurement produces an uncalibrated hard-uces an uncalibrated hard-

ness in Leeb according to seeness in Leeb according to see  Appendix X1 Appendix X1,,   then the corre-  then the corre-

spospondinding ng gragradiedient nt of of the the corcorrecrectiotion n linlines es are are detdetermermineined d byby

linlinear ear intinterperpolaolatiotion n of of the the gragradiedient nt estaestabliblisheshed d durduring ing thethe

calibration process.calibration process.

X2.2.2X2.2.2.4 .4 The dependenThe dependence of ce of the measurementhe measurement t readinreading g onon

the changed friction is, within certain limits, also taken intothe changed friction is, within certain limits, also taken into

consideration (in addition to the dependence on impact direc-consideration (in addition to the dependence on impact direc-

titionon). ). BoBoth th efeffefectcts s lelead ad to to a a chchanange ge in in imimpapact ct enenerergygy..

Furthermore, small differences, caused by production, in po-Furthermore, small differences, caused by production, in po-

tential energy of the impact body in the tensioned state aretential energy of the impact body in the tensioned state are

comcompenpensatesated. d. WheWhereareas s the the infinformormatioation n aboabout ut the the reqrequiruireded

velocity correction is essentially contained in the line gradient,velocity correction is essentially contained in the line gradient,

deviatdeviations of ions of the the probprobe’s e’s mechanmechanical ical characcharacteristicteristics s are essen-are essen-

tially reflected in a vertical shift of the curve.tially reflected in a vertical shift of the curve.

SUMMARY OF CHANGESSUMMARY OF CHANGES

CoCommmmittittee ee A0A01 1 hahas s ididenentifitified ed ththe e lolocacatiotion n of of seseleclected ted chchanangeges s to to ththis is ststanandadard rd sinsince ce ththe e lalast st ississueue

(A956/A956M-17A) that may impact the use of this standard. (Approved Sept. 1, 2022.)(A956/A956M-17A) that may impact the use of this standard. (Approved Sept. 1, 2022.)

(1)(1)  Changed the required number of impacts from two to five Changed the required number of impacts from two to five

inin 16.1 16.1..

(2)(2)  Applied the tolerance limits to the arithmetic mean of the  Applied the tolerance limits to the arithmetic mean of the

five impacts instead of requiring each individual reading to fallfive impacts instead of requiring each individual reading to fall

within the tolerance inwithin the tolerance in 16.2 16.2..
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