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Standard Test Method for
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Rapid Indentation Hardness Testing of Metallic Materials
This standard is issued under the fixed designation E 103; 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 4. Significance and Use

1.1 This test method covers the procedure for rapid inden- 4.1 This test method is used when it is desired to make
tation hardness testing of metallic materials as an alternative toardness tests very rapidly, as in the inspection of the output of
Test Method E 10 on standard Brinell hardness. It includes heat-treating furnace.
methods for the verification of rapid indentation hardness 4.2 This test method is not to be regarded as a standard
testing machines, Part B, and the calibration of referenc®rinell hardness test method.

hardness test blocks, Part C. 4.3 Since the test forces and method of display of the depth
1.2 The values stated in Sl units are to be regarded ameasurement differ between manufacturers of rapid indenta-
standard. tion hardness testing equipment, the test results from equip-

1.3 This standard does not purport to address all of thement from different manufacturers are not comparable.
safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro- A. GENERAL DESCRIPTION AND TEST

priate safety and health practices and determine the applica- PROCEDURE
bility of regulatory limitations prior to use. 5. Apparatus
2. Referenced Documents 5.1 Testing Machine-Equipment for rapid indentation
21 ASTM Standards: hardness testing is used essentially to measure hardness by

E 4 Practices for Force Verification of Testing Machfhes deter_mining the depth of indentation.of a_penetrator_into the
E 10 Test Method for Brinell Hardness of Metallic Materi- SP€cimen. The test force can be applied either as a single total

alg test force whereby the depth is measured usually from the

surface of the test specimen or as a preliminary and total test

3. Terminology force whereby the depth is measured as the increase from the
3.1 Definitions: preliminary to the total test force. The magnitude of the

3.1.1 calibration—determination of the values of the sig- indenting test force or test forces is determined by agreement.

nificant parameters by comparison with values indicated by 4 "€ design and construction of the testing machine shall be

3.1.2 rapid indentation hardness testan indentation hard- test specimen occurs while the test force is being applied or
ness test using calibrated machines to force a hard steel gpmoved.
carbide ball, under specified conditions, into the surface of the 9-2 Penetrator .
material under test and to measure the depth of the indentation, 2-2-1 The standard ball penetrator shall be 10 mm in

The depth measured can be from the surface of the tegameter._ Other values of ball penetrator may be used as
specimen or from a reference position established by throvided in 7.1.

application of a preliminary test force. 5.2.2 The balls used shall be free of surface imperfections
3.1.3 verification—checking or testing to assure conform- and conform to the requirements prescribed in 13.1.2.
ance with the requirements of the method. 5.3 Mechanism for Measuring the Depth of the

Indentation—The depth of the indentation is determined by a
measuring device that shall conform to the requirements
*This test method is under the jurisdiction of ASTM Committee E28 on prescribed in 13.1.3.

Mechanical Testing and is the direct responsibility of Subcommittee E28.06 on 5 4 \When diameters of indentations are measured to ascer-
Indentation Hardness Testing. in th r f hardn val f test imen r of
Current edition approved June 15, 1984. Published August 1984. Originall}‘r’l € accuracy of ha ess values o QS Sp,ec ensoro
published as E 103 — 84. Last previous edition E 103 — 84 (£889) reference hardness test blocks, the measuring microscope shall
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comply with 3.3 of Test Method E 10 and comparable values as 9.1.1 The test force (or test forces when preliminary and
determined from Table lof Test Method E 10. total test forces are applied) in kilogram-force,
. 9.1.2 The diameter of the ball penetrator and whether steel

6. Test Specimens or carbide balls are being used, and

6.1 Finish—When necessary, the surface on which the 9.1.3 The depth of penetration in millimetres, or either a
indentation is to be made shall be filed, ground, machined, otonverted Brinell hardness number or other hardness number
polished with an abrasive material. The surface in contact witkestablished by the manufacturer. In the last two cases, the
the test support shall be clean, dry, and free of any conditionsardness relationship shall be reported or referenced.
which may affect the test results.

6.2 Thickness-The thickness of the specimen shall be at10. Precision and Bias
least ten times the depth of the indentation and such that no 10.1 Precision—Since the test results are not comparable
bulge or other mark showing the effect of the test force appearsetween equipment from different manufacturers, an interlabo-
on the side of the piece opposite the indentation. ratory comparison test program is not appropriate. Therefore, a
precision statement cannot be determined for this test method.
7. Procedure 10.2 Bias—There is no basis for defining the bias for this

7.1 Magnitude of Test Foree-The total test force is usually test method.
3000, 1500, or 500 kgf (29.42, 14.71, or 4.903 kN). The
preliminary test force, if used, is usually determined by test ~ B. VERIFICATION OF RAPID INDENTATION
requirements. It is desirable that the total test force be of such HARDNESS TESTING MACHINES
magnitude that the diameter of the indentation ranges from
25.0 to 60.0 % of the ball diameter (for example, 2.50 to 6.00-1: SCope
mm in the case of the 10-mm diameter penetrator). Table 1 11.1 Part B covers two procedures for the verification of
gives the preferred total test force and Brinell hardness numbé@pid indentation hardness testing machines. These are as
with the 10-mm diameter penetrator. For certain sizes anfpllows:
conditions of test specimens, it may be desirable to use 11.1.1 Separate verification of test force application, pen-
different test forces and penetrators with diameters smaller c¢trator, and depth-measuring device.
larger than 10 mm; in these cases it is recommended that the 11.1.2 Verification by reference test block method.
following relationships be maintained between the diameter of 11.2 New or rebuilt machines shall be checked by the
the ball,D, measured in kilograms, and the applied test forceseparate verification method.

P, measured in kilograms-force: 11.3 Machines in use in production testing may be checked
Range (Brinell Hardness Number) P/D? by either method.
96 to 600 30 )
48 to 300 15 12. General Requirements
16 to 100 5

) ) ) 12.1 Before a rapid indentation hardness testing machine is
7.2 Spacing of IndentatiorsThe distance from the center yerified, examine the machine to ensure the following:
of the indentation to the edge of the specimen, or edge of 12.1.1 Set up the machine properly.
another indentation, shall be at least two and one-halftimes the 12.1.2 Mount the ball holder, with a new ball, in the plunger.

diameter of the indentation. 12.1.3 Apply and remove the test force without shock or
7.3 Application of the Test Forces)Apply the test force(s)  vipration and in such a manner that the readings are not
to the test specimen without shock or vibration. affected.
7.4 Alignment—The angle between the load line and the
normal to the specimen shall not exceed 2°. 13. Verification

13.1 Separate Verification of Test Force Application, Pen-
] o etrator, and Depth-Measuring Device

8.1 Ir_1 order to estab_llsh the limit(s) _of acceptable ha.rdness 13.1.1 Test Force Applicatior-Rapid indentation hardness
for a given part or piece, test specimens representing th@sting machines shall be verified at the applied preliminary
extreme(s) of acceptability shall be tested in the rapid indenges; force, when applicable, and at the applied total test force.
tation hardness tester that is to be used. _'_rhe results obtainggheck the applied test force(s) periodically with a proving ring,
shall be considered the limits of acceptability. or by an elastic calibration device in the manner described in
Practices E 4. The difference between the nominal test force
and the measured test force, or forces, shall not excezel
of the nominal test force or forces.

13.1.2 Penetrator

8. Determination of Hardness Limits

9. Report
9.1 Report the following information:

TABLE 1 Preferred Total Test Forces for 10-mm Ball 13.1.2.1 The diameter of the standard ball shall be 10 mm
Total Test Force, kgf (kN) Recorr;;:%(;::fjS Eir;ggérBrinell with a deviation from this value of not more than 0.005 mm in
any diameter. Other sizes of ball may be used as provided in
3000 (29.42) 96 to 600 71,
1288 84933 ‘112 :g igg 13.1.2.2 A steel ball with a hardness not less than 850 HV

10 may be used to test materials with a hardness not greater
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than 450 HB, whereas a carbide ball may be used on material®)-mm balls¥z in. (12 mm) for use with 5-mm balls arid in.

with a hardness not greater than 630 HB. Polish the ball free a6 mm) for use with smaller balls.

defects. 15.2 Each block shall be prepared and heat treated to give
13.1.2.3 The maximum value of the mean of the twothe necessary homogeneity and stability of structure.

diagonals of an indentation made by the Vickers indenter on a 15.3 Each block, if made of steel, shall be demagnetized by

steel ball shall not exceed the appropriate value listed in Tablthe manufacturer and maintained demagnetized by the user.

2. 15.4 The supporting surface of the test block shall have a
13.1.2.4 The ball shall not show a permanent change iground finish.

diameter greater than 0.005 mm when pressed with the test 15.5 The test surface shall be free of scratches that would

force against a test specimen. interfere with measurement of the diameter of the indentation.
13.1.3 Depth-Measurement DevieeThe depth- 15.5.1 The mean surface roughness height rating shall not

measurement device shall be verified over the working rangexceed 12-pin. (0.0003-mm) center line average for the stan-

by the use of an accurate reference scale, or other means, atgiard 10-mm ball. For smaller balls a mean surface roughness

shall correctly indicate the depth of penetration to any accurackieight rating of 6 pin. (0.00015 mm) is recommended.

of £0.005 mm. 15.6 To ensure that no material is subsequently removed
13.2 Verification by Reference Test Block Method from the test surface of the reference hardness test block, either
13.2.1 Arapid indentation hardness testing machine may bthe manufacturer's mark shall be etched on the test surface or

checked by making a series of indentations on reference Brinethe thickness at the time of calibration shall be stamped or

hardness test blocks which are commercially available or bgngraved on the block. In the latter case, the thickness shall be

utilizing parts or samples of known hardness. indicated to an accuracy of0.005 in. (0.01 mm).
13.2.2 The machine shall be verified under the same condi- .

tions as in testing, that is, using the same test force(s) and thgp: Standardizing Procedure

same penetrator and time of application of the test force(s). 16.1 Calibrate the reference blocks by using a Brinnell
13.2.3 Verification by the reference test block method shalhardness testing machine verified in accordance with the

be established by measurement of the indentation diametggquirements of Test Method E 10.

The rapid indentation hardness testing machine shall be con-

sidered verified if the mean diameter of the indentation differéh' Penetrator ) )

by no more than the equivalent of 2 % of the mean diameter of 17-1 A new ball conforming to the requirements of 13.1.2

the calibration indentation of the reference hardness test blocRhall be used for calibrating reference hardness test blocks.
13.2.4 Itis recommended that the depth-mea;urement reagls  Number of Indentations

out on a reference test block be compared with the depth- . L . :

measurement values for the reference test block. These will 18.1 At least five randomly distributed indentations shall be

either be included on the calibration certificate or can bdna@de on each test surface of the block.

determined from the correlation information furnished by the1g. uniformity of Hardness

supplier. 19.1 Ifd,, d,, ... d, are the mean values of the measured
C. CALIBRATION OF REFERENCE HARDNESS diameters as determined by one observer and arranged in
TEST BLOCKS increasing order of magnitude, the range of the hardness
readings on the block is defined a, (- d,).
14. Scope 19.2 Unless the range of the mean diameters of each of the

14.1 Part C covers the calibration of reference hardness tegye indentations is within 2 % of the mean value for the five

blocks for the verification of rapid indentation hardness testinqrgfgltg?:j’atrz(?zgl%cnk cljlpr:)ostek;e regarded as sufficiently uniform
machines as described in Part B. purp '
20. Marking

) 20.1 Mark each block with the following:
15.1 Each reference hardness test block to be calibrated 20 1.1 Arithmetic mean of the hardness values determined
shall be not less that in. (16 mm) in thickness for use with py the standardization test.
20.1.2 Name or mark of the manufacturer.
TABLE 2 Maximum Mean Diagonal of Vickers Hardness 20.1.3 Se_nal number of the block.
Indentation of Brinell Hardness Balls 20.1.4 Thickness of the block or the manufacturer’'s mark on
the test surface.

15. Manufacture

) Maximum Mean Diagonal with Vickers
Ball Diameter, mm

Indenter under 10 kgf (98.07 N); mm 20.2 The manufacturer may include the arithmetic mean of
10 0.146 the depth measurements values corresponding to the five
5 0.145 readings.
25 0.143
2 0.142 21. Keywords
1 0.139 yw

21.1 indentation hardness; metallic
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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).



