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Wear at electric sliding contacts at extreme high sliding speeds above 1000 m/s and extreme high current 

densities above 50 kA/cm² are rarely investigated. These are reached in electromagnetic launch applications. 

The most used material combination consist of an aluminum slider on copper rails. As a function of the electric 

current amplitude and friction behavior different wear phenomena rarely seen in classical tribology occur. For 

better understanding, a microscopic study of this phenomena has been performed including SEM, EDX, XRD, 

RAMAN and confocal microscopy. Both slider and rails undergo melting, intermixing and formation of new 

phases. 
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1. Introduction 

Extreme high sliding velocities of up to 2-3 km/s are 

achieved in linear electromagnetic launchers like railguns 

by means of electromagnetic Lorentz forces. The high 

speed is created by electric currents with amplitudes in 

the range of MA. These extreme conditions limit lifetime 

and sustainability of the system. Systematic rail wear 

investigation has rarely been conducted so far. To gain an 

understanding of wear at extreme high velocity and high 

current amplitude electric sliding contacts, first wear 

investigations in this study are performed in the range up 

to 1080 m/s and 200 kA.  

2. Methods 

In order to examine wear phenomena ISL’s Rafira 

launcher is used in function of a high-speed tribometer 

[1]. The principle of electromagnetic launch is based on 

the interaction of electric and magnetic fields as 

explained in fig. 1.  

 

 

 

 

 

 

 

 

Figure 1: Principle of electromagnetic launch 

 

Electrical energy for acceleration is provided by means 

of capacitor banks and a pulse forming network. An 

aluminum Al6061-T6 c-shape slider is accelerated on 

copper CuCr1Zr rails. These materials are widely used 

due to their high electrical conductivities minimizing 

Joule heating induced temperature rises.  

3. Discussion 

This investigation shows that the nature of wear differs 

strongly at different stages of the launch representing 

different conditions of current amplitude, velocity and 

contact pressure between rails and slider. Both friction 

effects and high current amplitudes contribute to wear 

significantly. Regarding wear debris on the rails, the first 

stage of the launch is electrically dominated as wear 

phenomena proved to be correlated to electrical incidents 

like capacitor discharge or downslope transition. The 

latter is a wear phenomenon characterized by arcing or 

loss of solid current flow paths due to a reduction of 

contact pressure. The second stage of the launch shows 

wear due to both electrical and frictional effects. The 

third stage of the launch is dominated by melt lubrication 

wear evoked by frictional heating. Microscopic analysis 

and chemical effects are investigated by SEM and EDX 

measurements. These allow both better understanding of 

the high speed and high current wear regimes and 

conclusions on temperature development during 

electromagnetic launch. In the electrically dominated 

wear regimes temperature rise leads to melting and 

intermixing of both rail and armature material and to the 

formation of new phases revealed by XRD and RAMAN. 

In the melt lubrication regime aluminum is melting only 

resulting in a deposition of slider material onto the rails 

without formation of intermetallic compounds. 

Wear rates for these wear regimes are quantified by the 

measurement of the debris layers’ thicknesses by 

confocal microscopy. Layer thicknesses vary strongly 

depending on the respective wear mechanism from 

approximately 2-3 µm for melt lubrication to about 

35 µm for capacitor discharge wear. 

Different launch parameters have an impact on the 

observed rail wear like the current profile, the contact 

pressure or the rails’ roughness. The current profile 

shows a strong influence. A smooth current profile 

reduces wear in the electrically dominated wear regime. 

The contact pressure between rails and slider also shows 

a large influence preferentially in the current-dominated 

downslope transition wear regime. Purely mechanical 

preloads between 1 and 10 MPa showed a high wear 

reduction potential by optimization of the contact 

pressure. It has to be noted, that the total contact pressure 

during launch is dynamically influenced by the current 

amplitude and the resulting Lorentz forces pressing the 

winglets against the rails. Surface roughness is expected 

to play a minor role compared to the current profile and 

the contact pressure influence by a first set of 

experiments. 
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