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Standard Test Method for
Effective Case Depth of Ferrous Powder Metallurgy (P/M)
Parts Using Microindentation Hardness Measurements

This standard is issued under the fixed designation B 934; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Terminology

1.1 This test method covers a procedure for determination 3.1 Definitions of powder metallurgy (P/M) terms can be
of the effective case depth of powder metallurgy (P/M) partsfound in Terminology B 243. Additional descriptive informa-
1.2 A microindentation hardness traverse procedure is ddion is available in the Related Material section of Volume
scribed to determine effective case depth. This test method ma@g2.05 of theAnnual Book of ASTM Standards
be used to determine the effective case depth for all types of 3.2 Definitions of Terms Specific to This Standard:
hardened cases. 3.2.1 case—that portion of a part, extending inward from
1.3 The procedure for determining the microindentationthe surface that has a microindentation hardness, after harden-
hardness of powder metallurgy materials, as described in Testg, equal to or greater than a specified hardness.
Method B 933 shall be followed. 3.2.2 effective case depththe perpendicular distance from
1.4 This standard does not purport to address all of thethe surface of the hardened case to the furthest point where a
safety concerns, if any, associated with its use. It is themicroindentation hardness value equivalent to 50 HRC is
responsibility of the user of this standard to establish appro-maintained, unless otherwise specified.
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. 4. Summary of Test Method
4.1 The powder metallurgy part is sectioned and the surface

2. Referenced Documents prepared for examination. Microindentation hardness measure-
2.1 ASTM Standards? ments are taken at various depths below the part surface. The
B 243 Terminology of Powder Metallurgy distance where the microindentation hardness falls below the
B 933 Test Method for Microindentation Hardness of Pow-equivalent of 50 HRC is defined as the effective case depth,

der Metallurgy (P/M) Materials unless otherwise specified.

E 18 Test Methods for Rockwell Hardness and Rockwell S
Superficial Hardness of Metallic Materials 5. Significance and Use
E 384 Test Method for Microindentation Hardness of Ma- 5.1 The engineering function of many P/M parts may

terials require an exterior portion of the part to have a specified case
2.2 Other Standard: depth and microindentation hardness. Measurement of effec-
SAE J 423 Recommended Practice, Methods of Measuringve case depth is used to determine the depth to which the
Case Depth microindentation hardness of the exterior portion of a part has

been increased over that of the interior of the part.

6. Apparatus

1 This test method is under the jurisdiction of ASTM Committee B09 on Metal 6.1 Knoop or Vickers Hardness Indenterasing 100 gf
Powders and Metal Powder Products and is the direct responsibility of Subcom(o_9807 N) loads are recommended following Test Method

mittee B09.05 on Structural Parts. ;
Current edition approved April 1, 2004. Published April 2004. E 384. The type of hardness indenter and load used shall be

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, oragreed upon between customer and producer.

contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM 6.2 Calibrated Optical Instrument, Micrometer Stager
Standardssolume information, refer to the standard’s Document Summary page %hther suitable means to measure the distance from the surface
the ASTM website. . . . ..

3 Available from Society of Automotive Engineers (SAE), 400 Commonwealth of the part to the center of the Impression with a precision of

Dr., Warrendale, PA 15096-0001. 0.1 mm.
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7. Test Specimen calibrated optical instrument, micrometer stage, or other suit-

7.1 Cut a test specimen from the P/M part, perpendicular t@ble means to measure the Qistance from the surface of the part
the hardened surface at a specified location, being careful {9 the center of the impression.
avoid any cutting or grinding procedure that would affect the 8.2 Microindentation impressions should not be placed in
original microindentation hardness. soft regions such as copper or the center of nickel-rich regions.

7.2 Mounting of the test specimen is recommended foRandomly encountered upper bainite or fine pearlite in the
convenience in surface preparation, edge retention, and micrdartensite should not be excluded as a measurement location.
indentation hardness measurement. Edge retention is important8.3 Plot microindentation hardness versus distance from the
for proper depth measurement of the case. part surface (see Fig. 2). The effective case depth shall be the

7.3 Grind and polish the test specimen using methodslistance at which the microindentation hardness falls below the
recommended in Appendix X2 of Test Method B 933. The areaquivalent of 50 HRC unless a different value is specified (see
to be traversed should be polished so the microindentatiohlote 1). Plot definition will dictate the required number of
hardness impressions are unaffected, that is, the lighter theadings, particularly in the critical region of effective case
indenter load, the finer the finish necessary. Care should bdepth. The procedure described in Appendix X1 of Test
taken to ensure that the true area fraction of porosity is revealddethod B 933 shall be used for conversion to HRC.
throughout the entire cross-section of the specimen. It is . . ,

L . Note 1—No compositional change occurs in induction hardened ma-
essent!al n surface preparation to remove all Sm_eared m_etélrials The hardness of martensite is affected by the carbon content of the
and to identify pores clearly so that they may be avoided duringteel. some lower-carbon steels will not reach the equivalent of 50 HRC
testing. when fully hardened. All concerned parties should agree upon the

7.4 The specimen should be lightly etched prior to micro-specified effective case depth hardness if other than 50 HRC.
indentation hardness testing. Careful etching is necessary asNore 2—For routine quality control testing, where the effective case
heavy etching obscures features and interferes with the medepth is reasonably well known, a somewhat simplified method of
surement of the diagonals of the indentation. estimating effective case depth may be used. This method makes the

7.5 For heat treated steels, swabbing with or immersion irzf\ssumption that the curve that represents microindentation hardness
2 0/' nital for 4 b 7 iV n’ ropriate structur versus depth below the surface of the part may be regarded as a straight
o nital 1o S gIves an appropriate structure. line in the region of the effective case hardened depth. Microindentation

hardness may be measured at two depths from the surface selected, such

8. Procedure that, on the basis of past experience, one will be less than the estimated
8.1 Measure microindentation hardness at a series of knowgffective case hardened depth and one will be greater. The two depths
intervals from the surface of the test specimen toward théZ SEC orC o 8 e e of mictoindentation

interior. Take a minimum of three acceptable mlcromqentatlomardness shall be carried out at each of the selected depths below the part
hardness measurements at each depth. Space the indentatigfi$,ce. on a plot of microindentation hardness versus depth from the
so that adjacent tests do not interfere with each other. Theyrface, draw a straight line between the average microindentation

minimum spacing between tests is illustrated in Fig. 1. Use &ardness value at each of the two depths and read off the distance from the
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FIG. 1 Minimum Spacing between Indentations
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FIG. 2 Schematic Plot of Microindentation Hardness versus Depth from Surface

surface of the part at which the specified microindentation hardness valu@. Report

is reached. This is the effective case depth. 9.1 The report shall include:
Note 3—An alternative method may be used for routine quality control ) P S

testing. Where a minimum effective case depth is specified, measure the 9-1.1 The type of material and case measured (and when

microindentation hardness at a distance from the surface of the part that goSsible the type of process used to produce the case),

equal to or greater than the specified minimum depth. At least five 9.1.2 The location of the measurement,

determinations of microindentation hardness shall be carried out at the 9.1.3 The type of microindentation hardness indenter and
desired location. If the average microindentation hardness at this depth j(ﬁe load used

equal to or greater than the effective case depth hardness, the part meet: - .
the specified requirement. 9.1.4 The load used in testing shall be expressed as the load

. , , .. in grams, for example, HV100 gf or HK 100 gf (preferred

8.4 Where a maximum effective case depth is specifiedyethod), or the load in kilograms, for example, HV 0.1 or HK
measure the microindentation hardness at a distance from tf@ﬁl’ and
surface of the part that is less than the specified maximum g 1 5 The effective case depth to the nearest 0.1 mm and the
depth in order to confirm that the part has been case hardengficroindentation hardness specified.
At least five determinations of microindentation hardness shall
be carried out at the desired location. This average microing precision and Bias
dentation hardness should be equal to or greater than that . . ) )
specified for the effective case hardness. If it is, measure the 10-1 Precisior—The precision of this test method is under
microindentation hardness at a distance from the surface of tH€Vi€wW by Subcommittee B09.05 on Structural Parts.
part that is equal to the specified maximum depth. At least five 10-2 Bias—No bias can be defined since there is no standard
determinations of microindentation hardness shall be carrie§@Se-hardened material for which the effective case depth may
out at the desired location. If the average microindentatior?® measured.
hardness is less than the value specified for the effective case
hardness, the maximum effective case depth specification fst- Keywords
met. If it is greater than or equal to the specified value, the 11.1 case depth; effective case depth; powder metallurgy;
maximum effective case depth is exceeded. P/M
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



