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Foreword

This document (EN 843-4:2005) has been prepared by Technical Committee CEN/TC 184 “Advanced
technical ceramics”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by December 2005, and conflicting national standards
shall be withdrawn at the latest by December 2005.

EN 843 ‘Advanced technical ceramics — Mechanical properties of monolithic ceramics at room
temperature ' consists of six parts:

Part 1: Determination of flexural strength
Part 2: Determination of Young’s modulus, shear modulus and Poisson’s ratio

Part 3: Determination of subcritical crack growth parameters from constant stressing rate flexural
strength tests

Part 4: Vickers, Knoop and Rockwell hardness tests

Part 5. Statistical analysis

Part 6: Guide for fractographic investigation

This document supersedes ENV 843-4:1994.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy,

Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland and United Kingdom.
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1 Scope

This part of EN 843 defines conditions for conducting, and provides guidelines concerning the value that
may be ascribed to the results of, standard hardness tests when applied to advanced monolithic technical
ceramics. It is assumed that the calibration and test procedures employed are exactly those for metallic
materials. This European Standard refers to Rockwell A, Rockwell N-scale, Vickers, and Knoop hardness
testing, as described in existing international standards.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

N ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method {50 6507-1:199%)

N ISO 6507-2, Metallic materials — Vickers hardness test — Part 2: Verification of testing machines
SO 6507-2:1997)

N ISO 6507-3, Metallic materials — Vickers hardness test — Part 3: Calibration of reference blocks
SO 6507-3:1997)

N ISO 6508-1|, Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C,

D, E F, G, H,K N, T) [SO 6508-1:1999)

N ISO 6508-2, Metallic materials — Rockwell hardness test — Part 2: Verification and calibration of
testing machines (scales A, B, C, D, E, F, G, H, K, N, T) {SO 6508-2:1999)

N ISO 6508-3, Metallic materials — Rockwell hardness test — Part 3: Calibration of reference
blocks (scales A, B, C, D, E, F, G, H, K, N, T) (VSO 6508-3:1999)

%N ISO/IEC 17028, General requirements for the competence of testing and calibration laboratories
SO/IEC 17025:1999)

EN ISO 23878, Hardmetals — Vickers hardness test

, Metallic materials — Hardness testing — Knoop test

ISO 4546, Metallic materials — Hardness test — Verification of Knoop hardness testing machines
ISO 9385, Glass and glass-ceramics — Knoop hardness test

ISO 14705, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for
hardness of monoalithic ceramics at room temperature

OIML-36, Verification of indenters for hardness testing machines.")

1 This international recommendation is available from the International Organization of Legal Metrology (OIML), 11, rue Tugot,
75009, Paris, France).
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3 Terms and definitions
For the purposes of this European Standard, the following terms and definitions apply.

31

hardness

resistance displayed by a material to penetration by a hard indenter of defined geometry and forced into
the test surface in a prescribed manner

3.2

hardness number

hardness calculated in a specified hardness test, usually without units specified, derived from the depth of
penetration of the indenter or lateral dimension of the indentation, and the applied force

3.3

hardness indenter

hard device of defined geometry, and for the purposes of testing ceramics usually fabricated from single-
crystal diamond

NOTE  Types of hardness test are defined in clause 5, 6, and 7 for Vickers, Knoop and Rockwell tests
respectively.

4 Significance and use

4.1 General points

The three types of test defined in clauses 5, 6 and 7 have been standardised for metallic materials, and
are widely used as a guide to the state of thermal treatment or work-hardening. In advanced technical
ceramics they are also widely used, especially to describe materials for applications in a wear
environment. Whereas in a metal a hardness test is a measure of the yield stress, in a brittle material the
deformation tends not to be homogeneous. In addition to plastic flow, there is usually some cracking and
fragmentation occurring, the extent of which has a marked effect on the apparent hardness and the ability
to perform meaningful measurements.

A hardness test on a range of widely differing ceramics will enable them to be ranked in order of
resistance to localised penetration, which may be correlated with other behavioural characteristics of
similar type, e.g. abrasive wear or erosion resistance. Such an interpretation may not be possible if
materials show similar characteristics because the discrimination shown by hardness tests may be
inadequate.

Uses beyond this application should be viewed with caution. It is, for example, recommended that
hardness tests are not used as a pass/fail criterion in a specification. The potential differences between
observers and/or test machines, as explained below, are too great for high levels of confidence in the test
results, leading to possible dispute between parties to the specification.

4.2 Verification of test equipment

Hardness standard test blocks are usually supplied with the test machine. It is imperative that they be
used for checking the machine behaviour and, in the case of Vickers and Knoop tests, also the visual
criteria being employed by the operator for measurement. The test block should also be used to ensure
that the indenter is free from chips or cracks which might easily develop when used on very hard
materials. Very high hardness calibration blocks are recommended when testing ceramics.

The test force for hardness measurements on ceramics may not be the normal one for which the test

machine has previously been calibrated. If this situation occurs, it is desirable to carry out checks that the
intended force is actually being applied to the test surface for the required period of time.
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Direct verification of test equipment is described in EN _ISO 6507-2 (for Vickers tests), ISO 4546 (for
*N ISO 6508-2

Knoop tests) and in (for Rockwell N-scale tests). The procedure involves calibration of
force and of the reading system. This document does not deal directly with such issues.

Indirect verification of test equipment ensures that the equipment is reading correctly at the time of use,
by providing a check on the quality of indentations, particularly whether there is damage to the indenter
and whether the indenter is correctly aligned. It can also provide a check on the reading criterion being
used by the operator. Indirect verification is normally conducted using certified reference blocks, and by
ensuring that the indenter being used has previously been certified as being geometrically within the
tolerances defined in the above standards.

Calibration of standard reference blocks is described in EN_ISO 6507-3 (for Vickers tests), and in
N ISO 6508-3 (for Rockwell N-scale tests). There are currently no CEN or ISO standards for Knoop test
block verification and calibration. Verification of the geometry of indenters is dealt with in OIML-36.

4.3 Conversion of hardness numbers to other scales

Whereas for metallic materials there are conversion tables to convert between various hardness numbers
on particular alloy types, there is no equivalent for ceramic materials. Since ceramics tend to show a
strong force dependence of hardness characteristics, it is highly unlikely that there could be a unique
relationship between hardness values determined using different forces or different types of indenter.

NOTE  Attempts to convert hardness numbers from one scale to another are strongly discouraged.

5 Test method: method A: Vickers test

5.1 Principle

A hardness test in which a square-based sharp pyramidal diamond indenter having specified face angles
is forced into the test-piece surface under a defined force, held for a defined duration and removed. The
indentation diagonal lengths are measured, the mean result calculated, and this value then employed to
calculate a hardness number which is equivalent to the mean force per actual unit area of indenter
surface contacting the test surface (no units are given, but kgf/mm? are implied):

HVF = 1,8544 Fl/d? (1)
where

HV F is the Vickers hardness number at applied force F (expressed as the mass in kg from which F is
derived), and

where

d is the mean length of the diagonals of the indentation (expressed as mm).

The Vickers test for metallic materials is described in detail in EN ISO 6507-1| for applied forces derived
from masses of 0,2 - 100 kg, in EN ISO 23878 for hardmetals, and in ISO 14705 for advanced technical

ceramics.

NOTE 1 Other references to the Vickers test method, including microhardness tests may be found in
references [1] and [2] of the Bibliography.

In accordance with ISO 14705 and for the purposes of this document the use of Sl units is preferred. In
the use of equation (1), when F is expressed in newtons ( = mass in kg x 9,807) and d is expressed in
mm, the hardness HV is then computed in MPa. The results shall be expressed as, for example: 15,0
GPa HV 1,0 for a test under a force of 9,807 N derived from a mass of 1 kg.
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