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Friction and wear between moving parts is a main reason for unwanted energy loss

and considerable efforts are made to reduce such losses. Therefore, it is desirable to

understand the physical principles of friction and wear processes and to apply the

knowledge for the development of materials with improved surface properties.

Hundreds of tribological test methods exist but there are only a few which allow an

investigation of sliding contacts with a lateral resolution of one micrometer or less and

a simultaneous measurement of a surface layer removal in the nanometer range.

Such high-resolution tests give a better access to processes which cause surface

modifications and failures. The nanomechanical tester ZHN from Zwick equipped with

a lateral force unit is used to study the friction and wear behavior of hard surfaces and

coatings with ultra-high lateral and depth resolution. Normal and lateral movement are

completely decoupled and do not influence each other. Force and displacement are

measured with four sensors and a high frequency feedback loop exist for both

directions. The instrument allows a simultaneous mapping of contact stiffness or

modulus, friction coefficient and contact resistance between a conductive tip and the

surface with a lateral resolution of better than one micrometer and a depth resolution

of one nanometer. This will be demonstrated by several examples. First, the frictional

behavior of diamond sliding on diamond was investigated for a polished

polycrystalline diamond coating and a diamond-SiC composite material. The contact

pressure was between 1 GPa and 22 GPa. A clear pressure dependency of the

friction coefficient and a violation of Amonton’s law were found. Under certain

conditions, the friction coefficient was below 0.01 under wet sliding conditions in pure

water. The determination of the diamond crystal orientation by EBSD in the area of

the friction mapping has revealed that the friction coefficient is depending on the

crystallographic orientation. Other examples will be given for DLC coatings and

metallic coatings which are used for electrical plugs. In these cases, friction and wear

have been investigated for different contact conditions.
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