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ABSTRACT – Galling mechanisms have been 

investigated in several stainless steels following ASTM 

G98 test method. Galled samples have been studied by 

both surface and in depth analysis. This characterization 

leads to the determination of new galling categories. 

 

1. INTRODUCTION 

Galling is a severe case of adhesive wear; it goes 

with the appearance of undesirable surface 

modifications leading to the deterioration of materials in 

contact. It is problematic in a wide range of industrial 

applications, e.g. medical instruments, sheet metal 

forming or nuclear plants. Stainless steels are widely 

used in these industries due to their relative ease of 

manufacture, high strength and stiffness and excellent 

corrosion resistance. However, it has been found to be 

quite susceptible to galling.  

Several studies can be found on comparing galling 

thresholds for different grades [1], determining new 

galling test methods [2] or giving a more precise galling 

threshold determination [3]. However, very few studies 

focus on explaining galling mechanisms and even fewer 

works on linking these mechanisms with material 

properties. In this paper, we use surface and 

microstructure characterization in order to better 

understand galling mechanisms in different stainless 

steel grades. This characterization is then completed by 

TEM observations to understand the relation with 

microstructure at nanoscale. 

 

2. EXEPERIMENTAL DETAILS 

We herein focus on three stainless steel grades, 

namely 316L, widely used in industrial applications, 

AISI660 and a galling resistant grade, Nitronic60® (UNS 

S21800). Samples are tested in unlubricated and 

untreated condition, with initial turned surface having 

Sa = 0.3 µm. Material properties of these grades are 

summed up in Table 1. 

Galling threshold is estimated by ASTM G98 

normalized test with no consideration of galling 

frequency, as could be studied by other authors [4]. This 

threshold is solely used to propose a ranking of galling 

resistance for selected grades. Samples are characterized 

post mortem via surface (3D profilometry) and sub-

surface investigations, considering mainly SEM, EBSD, 

nanoindentation and TEM observations. 3D 

profilometry is used and Johansson's Rktot parameter 

[5] is adapted into Sktot to give an approximation of the 

depth of wear. EBSD investigations is mainly focused 

on first neighbor Kernel Average Misorientation (KAM) 

measurements and microstructure evolution. Ultimately, 

TEM observations are made at 150 µm depth from free 

surface.  

 

Table 1 Mechanical properties of selected materials. 

 
 

3. RESULTS AND DISCUSSION 

Both AISI 316L and AISI 660 present after galling 

test a very low galling threshold, less than 11 MPa and 

are therefore usually considered in the literature as 

having equivalent galling resistance. As opposite, 

Nitronic60®, shows a significantly higher galling 

threshold (219 MPa). Macroscopic observations reveal 

for 316L a highly deformed surface, with adhesion 

marks hidden by smearing. AISI660, however, is 

characterized by a surface with almost no smearing and 

a high amount of adhesion bands. Finally, galling in 

Nitronic60® appears in the form of localized initiation 

sites with very few surface modifications as long as 

contact pressure is close to galling threshold. 

 

 
Figure 1 Surface observations close to galling 

threshold. 

 

Sktot parameter is used to study surface state for 

different configurations, showing very distinct surface 

evolution in function of selected stainless-steel grade.  

Resulting ranking are then confronted to sub-surface 

evolution using KAM calculations. KAM is used in 

order to determine the depth until which microstructure 

is significantly different from the core. This leads to the 

emergence of a d parameter designing the depth until 

which microstructure is strongly affected. In order not to 

consider the impact of pressure, previously defined d 

and Sktot parameters are normalized by contact pressure 

at which measurements are done.  
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Figure 2 Microstructure observation after galling test at 

350 MPa for a- 316L, b- AISI660 and c- Nitronic60. 

  

Normalized d parameter is in good agreement with 

normalized Sktot parameter, as shown in Figure 3, 

indicating that surface state and sub-surface 

microstructure follow equivalent evolution after galling 

apparition. 

 

 
Figure 3 Normalized values for d (red) and Sktot 

(blue). 

 

It is possible to observe three distinct features 

associated with each presented stainless steel grades. 

Complementary TEM observations have been 

performed in order to investigate sub-structure for these 

stainless steels. Unique features can be found for each 

grade. AISI 316L exhibits randomly distributed 

dislocations with almost no reorganization. In the case 

of AISI660, galling's main effect is the formation of 

recrystallization twins. To finish with, Nitronic60® 

forms a nanostructure, in the form of nanograins of 

about 60 nm. These unique features, combined with d 

and Sktot values lead to the creation of novel galling 

categories. We herein name these categories after 

macroscopic features:  

(a) Severe galling (316L), going with strong 

surface and microstructure deterioration.  

(b) Moderate galling (AISI660), characterized by 

intermediate modifications. 

(c) Tolerant galling (Nitronic60®), being the least 

destructive galling category. 

These galling categories are of great use for 

industrial applications since they provide a good 

estimation of the way galling propagation may appear 

and therefore samples' lifespan predictions can be 

enhanced. 

 

4. CONCLUSION 

Use of normalized Sktot and d parameters, coupled 

with TEM investigations leads to the determination of 

three distinct galling categories, namely severe 

catastrophic, moderate galling and tolerant galling, 

corresponding to different galling behaviors.    
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