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Brinell Hardness Testing 

 

The Brinell hardness test method as used to determine Brinell hardness. Most commonly it is 

used to test materials that have a structure that is too coarse or that have a surface that is too 

rough to be tested using another test method, e.g., castings and forgings. Brinell testing often use 

a very high test load (3000 kgf) and a 10mm diameter indenter so that the resulting indentation 

averages out most surface and sub-surface inconsistencies. 

 

The Brinell method applies a predetermined test load (F) to a carbide ball of fixed diameter (D) 

which is held for a predetermined time period and then removed. The resulting impression is 

measured with a specially designed Brinell microscope or optical system across at least two 

diameters – usually at right angles to each other and these results are averaged (d). Although the 

calculation below can be used to generate the Brinell number, most often a chart is then used to 

convert the averaged diameter measurement to a Brinell hardness number. 

 

Common test forces range from 500kgf often used for non-ferrous materials to 3000kgf usually 

used for steels and cast iron. There are other Brinell scales with load as low as 1kgf and 1mm 

diameter indenters but these are infrequently used.  
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Test Method Illustration  

 

D = Ball diameter  

d = impression diameter  

F = load  

HB = Brinell result  

 

Typically the greatest source of error in Brinell testing is the measurement of the indentation. 

Due to disparities in operators making the measurements, the results will vary even under perfect 

conditions. Less than perfect conditions can cause the variation to increase greatly. Frequently 

the test surface is prepared with a grinder to remove surface conditions. 

 

The jagged edge makes interpretation of the indentation difficult. Furthermore, when operators 

know the specifications limits for rejects, they may often be influenced to see the measurements 

in a way that increases the percentage of “good” tests and less re-testing. 

Vickers Hardness Testing 

 

 



The Vickers hardness test method, also referred to as a microhardness test method, is mostly 

used for small parts, thin sections, or case depth work. 

 

The Vickers method is based on an optical measurement system. The Microhardness test 

procedure, specifies a range of light loads using a diamond indenter to make an indentation 

which is measured and converted to a hardness value. It is very useful for testing on a wide type 

of materials, but test samples must be highly polished to enable measuring the size of the 

impressions. A square base pyramid shaped diamond is used for testing in the Vickers scale. 

Typically loads are very light, ranging from 10gm to 1kgf, although "Macro" Vickers loads can 

range up to 30 kg or more. 

formula: HV = 1.854(F/D2) 

The Microhardness methods are used to test on metals, ceramics, composites - almost any type 

of material. 

 

Since the test indentation is very small in a Vickers test, it is useful for a variety of applications: 

testing very thin materials like foils or measuring the surface of a part, small parts or small areas, 

measuring individual microstructures, or measuring the depth of case hardening by sectioning a 

part and making a series of indentations to describe a profile of the change in hardness. 

 

Sectioning is usually necessary with a microhardness test in order to provide a small enough 

specimen that can fit into the tester. Additionally, the sample preparation will need to make the 

specimen’s surface smooth to permit a regular indentation shape and good measurement, and to 

ensure the sample can be held perpendicular to the indenter. 

 

Often the prepared samples are mounted in a plastic medium to facilitate the preparation and 

testing. The indentations should be as large as possible to maximize the measurement resolution. 

(Error is magnified as indentation sizes decrease) The test procedure is subject to problems of 

operator influence on the test results. 

Knoop Hardness Testing 
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The Knoop hardness test method, also referred to as a microhardness test method, is mostly 

used for small parts, thin sections, or case depth work. 

 

The Vickers method is based on an optical measurement system. The Microhardness test 

procedure, ASTM E-384, specifies a range of light loads using a diamond indenter to make an 

indentation which is measured and converted to a hardness value. It is very useful for testing on a 

wide type of materials as long as test samples are carefully prepared. 

 

A pyramid shaped diamond is used for testing in the Knoop scale. This indenter differs from the 

pyramid indenter used on a Vickers test. The Knoop indenter is more elongated or rectangular 

in shape. The Knoop method is commonly used when indentations are closely spaced or very 

near the edge of the sample. 

 

The width of the Knoop indentation can provide more resolution for measurement and the 

indentation is also less deep. Consequently, it can be used on very thin materials. 

 

In a Knoop test, a predetermined test force is applied with a pyramid-shaped 

diamond indenter for a specified dwell time period. The indenter used on a Knoop test is 

pyramid-shaped but more elongated than the indenter used on a Vickers test. After this dwell 

period, the force is removed. 

 

Unlike the Vickers test where the indentation length on the vertical and horizontal axes are 

measured and averaged, the Knoop method only uses the long axis. This measurement is then 

converted to a Knoop hardness number using a chart. 

 

Since the test indentation is very small in a Knoop test, it is useful for a variety of applications: 

testing very thin materials like foils or measuring the surface of a part, small parts or small areas, 

measuring individual microstructures, or measuring the depth of case hardening by sectioning a 

part and making a series of indentations to describe a profile of the change in hardness. 

 

Sectioning is usually necessary with a microhardness test in order to provide a small enough 

specimen that can fit into the tester. Additionally, the sample preparation will need to make the 

specimen’s surface smooth to permit a regular indentation shape and good measurement, and to 

ensure the sample can be held perpendicular to the indenter. 

 

Often the prepared samples are mounted in a plastic medium to facilitate the preparation and 

testing. The indentations should be as large as possible to maximize the measurement resolution. 

(Error is magnified as indentation sizes decrease) The test procedure is subject to problems of 

operator influence on the test results. 
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