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In this study, the wear behavior of an annular-shaped contact under reciprocating sliding is 
investigated. A complete instrumented test has been developed (torque sensor, electrical resistance 
measurement, and acoustic emissions sensor) in order to detect incipient galling and its evolution. 
Top and cross-sections analysis of the wear scars allow understanding of the role of Mn-P coating 
and grease in galling protection and their degradation mode. 
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1. Introduction 

Galling is among the most severe forms of adhesive 
wear. The protective layer (coatings or native oxide 
layer) is eliminated by interfacial shear strains. Small 
welded bonds formed between two metallic 
materials in contact are then ripped off as sliding 
continues. This destruction causes a significant 
increase of friction coefficient (COF) until a 
complete seizure of the mechanical connection [1]. 
This study compares the galling performances and 
wear behavior of two tribo-systems (steel vs Mn-P 
coated steel, test of two greases). The damage 
scenario and the kinetics of the involved tribological 
phenomena will be investigated through a complete 
instrumented test strategy. 

2. Methods 

A test based on the ASTM G196 standard [2] was 
established. A rotational oscillatory movement is 
applied on two cylindrical parts under static normal 
loads. Several indicators are tracked: 

- Friction coefficient is computed using 
torque-sensor records. The sliding loops (torque vs 
displacement) are plotted allowing the capture of the 
fluctuation on torque within the cycle. These 
fluctuations are a consequence of surface 
degradations. 

- Electrical resistance of the contact. 
- Acoustic emissions induced by friction are 

recorded using a vibration sensor. 

Counterparts are made of the same carbon steel of 
yield strength 550 MPa. One has been subjected to a 
manganese phosphate treatment implied in the 
creation of a protective layer of few microns thick. 
The other counterpart is used as machined (the 
average roughness parameter Ra is controlled around 
1.3 µm). Lubrication is added in the contact in form 
of greases: two different industrial greases with anti-
wear and extreme pressure additives are compared. 

 
Figure 1(a) BSE observation of Mn-P coating (b) 
Coefficient of Friction evolution during test of both 
greases and optical observation of the post-mortem 
surfaces. 

3. Results and Discussion 

The different records and computations help to 
detect the change in wear mode of the interface 
during the test. Primary results showed a 
significative difference of performance between both 
greases as well as a different tribological behavior 
(Figure 1). This tribological investigation is 
combined with observations of the worn surface and 
subsurface to interpret the local tribologically 
transformed structure inducing galling. XPS 
analyses allow observation of the evolution of the 
chemical species composing the tribofilm. 
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