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The torque curve, measured during the continuous load increase ASTM D3233A standard, was already used in 
the past to evaluate the performance of lubricants in the transition between boundary and extreme pressure 
regimes. However, this standard only evaluates steel-steel contacts in a non-diluted neat oil. This work aims to 
expand this method, by using light alloys, with standard machining coolant formulations and to show how the 
torque curve can be used to explore the limits of lubricity on these surfaces. 
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1. Introduction 

Conventionally, cutting and forming lubricants can be 
evaluated with a well established standardized testing 
method, based on the Pin&Vee Block standard (ASTM 
D3233A). However, the limitation to the standard is that 
it uses steel-steel contacts in a non-diluted neat oil, not in 
the aqueous emulsions or solutions that are typically used 
in forming, rolling or cutting operations.  It is also not 
well known, how the lubricant responds to different 
alloys [1], therefore an adaptation of this standardized 
method is needed in order to simulate different 
tribological contacts, for instance for the aluminium 
cutting and forming industry or for other challenging 
alloys. 
 

2. Methods 

The Pin&Vee Block ASTM D3233A standard was 
modified to use light alloys as the test specimens and a 
sprayed (Figure 1a) or misted aqueous emulsion, to 
correlate closer to the industrial conditions. By recording 
the frictional torque during increasing load on the system, 
sudden increases in torque (so-called torque pop-ups) can 
be correlated with damage events in forming operations 
(e.g. presence of adhesive wear in Figure 1b). 

  
Figure 1: Pin&Vee Block contact with sprayed-on 

emulsion (a) and typical failure due to adhesion (b). 

To validate a modified test method, tests are done to link 
the tribological behavior in the Pin&Vee Block standard 
method with both roll-slip experiments -that correlate 
with rolling of sheet – and tapping torque methods – that 
correlate with cutting and forming operations.   

 

3. Discussion 

This method provides the response of EP chemistry-
containing materials to increasing pressure. An indicative 
example of the effect oil concentration in the aqueous 
emulsion is given in Figure 2. The increase of oil 
concentration led to simultaneous decrease of torque and 
increase of failure load. In this way the composition of 
the aqueous emulsion can be optimized, depending on the 
chemistry and alloys in the tribo-system. In addition, the 
runback at higher loads shows pin wear and extrusion, 
whereas the maximum load values are generally reliable 
indicators of the lubricant performance.   

  
Figure 2: Effect of lubricant concentration on frictional 

torque during Pin&Vee Block test. 

All the modifications together, utilizing real alloys and a 
more realistic application of lubricant, and by validating 
the tests with correlating tribological tests, result in an 
extended standard test method for light alloy aqueous 
cutting and forming lubricants. 
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