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Abstract 

For many mechanical companies, galling detection remains an important issue because it can occur in 
many mechanisms (bearings, transmissions ...) and thus lead to serious failures with consequences 
both in terms of production and in terms of people and machines safety. The diagnosis and identification 
of galling are made through facies observations and profilometry analysis (according to ASTM G98). 
When contact surfaces are not visible or easily accessible, it is not possible to actually know the state 
of galling. It is therefore important to have a method capable of performing a reliable diagnosis without 
having to stop or disassemble considered machines. Acoustic emission is a monitoring method for 
detecting the start of this physical phenomenon between two surfaces and also to follow it evolution. 

Feasibility tests with CETIM tribology team have demonstrated the potential of this method and also 
assess possibilities to develop a detection criterion based on AE features. Experimental principle 
consists of applying a load on a pin which is slowly rotate to a fixed plate (360°). The galling threshold 
is determined from the pressure at which there is a first material transfer on friction surfaces. 

The obtained results show the potential of the AE for the detection of the galling threshold. Furthermore, 
the correlation of AE measurements with the EBSD method (graphically showing grain orientation and 
size of grains before and after testing) revealed two types of galling: catastrophic and tolerant galling. 
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1 EBSD (Electron Backscattered Diffraction) in a scanning electron microscope has recently become a widely 

used technique, especially in metallurgy for the simultaneous characterization of the local microstructure and 

crystallographic texture of polycrystalline materials. It provides access not only to orientation cartographies but 

also to phase cartographies. In addition, it allows for assessing elastic and plastic deformations, as well as the 

energy stored in the grains during deformation 
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1. AIMS AND SCOPE 

One of the objectives is to understand the impact and relevance of different heat treatments 
on galling phenomenon in the case of stainless steels and to study their impact on the 
microstructure and the phases involved. Thanks to EBSD method (graphically showing grain 
orientation and size of grains before and after testing), two types of galling were characterized: 
catastrophic and tolerant galling. Acoustic emission must make it possible to quantify the rate 
of galling in a first time and then to differentiate these two types of galling. 

This article explains how AE has been used to: 

- Detect galling from AE data using a frequency analysis. 

- Determine a criterion associated to galling phenomenon beginning. Thanks to this criterion, 
an alarm is generated to communicate and stop the tension compression machine when galling 
is detected. 

- Quantify the galling severity (catastrophic and tolerant) 

- Distinguish catastrophic and tolerant galling 

This paper uses EBSD results of the thesis work carried out by T.Lesage in the context of 
GRIPAC's thesis: "GRIPpage of stainless steel and its consequences on the degradation of 
friction components in the agri-food and pharmaceutical industry". 

2. PRESENTATION OF STANDARD ASTM G98 

The objective of this standard is to determine the susceptibility to galling of a couple of 
materials. 

2.1 Principle  

The test principle is a pin-on-disc type of test in which an Ø12.7 mm pin is placed on a flat 
surface (figure 1). The principle is to apply a load on a pin which is slowly rotated (Velocity= 
10rotations/minute) one revolution 360° relative to a fixed plate. Both the flat surface and the 
pin are checked for galling. The criterion for either galling occurs or not is the appearance of 
specimens based on unassisted visual examination. The first selected load applied is 350MPa 
and then decreased progressively. The load program will depend to contact materials. If there 
is no galling of either surface, then the load is decreased and the test repeated. Then the 
average of the highest non-galled load and the lowest galled load is calculated (figure 2). This 
is the “galling threshold” at which the paired materials begin to show signs of galling (first 
material transfer on friction surfaces). 

Nota: 5 pins are required per block for galling threshold determination. 
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➢ Tension compression Instron machine (capacity 250kN) “TTKMH3450 250KN”  
➢ Load cell: A212-201 model 2511-320 250KN  
➢ HBM torque sensor model TB2.  
➢ HBM conditioner model: MGC and AB22A with ML10B and BL01 cards.  
➢ SEW geared motor brand equipped with a brushless technology  
➢ An acquisition station model YOKOGAWA « DL750 » with 8 channels: tension 0-10V and 

sampling frequency 100 kHz.  

Figure 1. Galling machine presentation 

 

 

 

Figure 2. Experimental designs suggested by ASTM G98 

 

2.2 Weaknesses of ASTM G98 

The current method used to detect galling and to define the galling threshold between two 
materials presents two main disadvantages: 
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• For some cases, raking light is needed to rule if galling occurred or not. The same 
sample is presented below. Picture on the right was taken under raking light. If raking 
light is not used in this case, it would have been impossible to detect galling according 
to ASTM G98 

• ASTM G98 is not able to quantify galling which is occurring during the test. 

 

Figure 3. Galling, not galling? 

 

Acoustic emission could be an effective method to improve ASTM G98 by instrumenting the 
test machine. 

3. ACOUSTIC EMISSION: AN EFFECTIVE METHOD TO UNDERSTAND 
GALLING PHENOMENON 

3.1 Experimental description   

 The experimental setup is shown in figure4. AE activity is recorded by two different kind of 

sensors: 

  
Resonant AE sensor (MISTRAS) Wide Band AE sensor (MISTRAS) 

Resonance frequency: 150 kHz Range frequency: [100; 900 kHz] 
Number: 1 Number: 1 

Preamplifier: AEP3H (Gain 34 dBea) Preamplifier AEP3H (Gain 34 dBea) 

Figure 4. Implementation of the AE sensors on the disc   

 

Wide band 

sensor 

Resonant 

sensor 
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Many different physical phenomenons are occurring during the ASTMG98 test (plastification, 

friction, galling, …). The previous study [1] showed that the galling phenomenon occurs only 

in the rotation phase during the test. For this purpose, we focus in our analysis only on the 

acoustic emission data recorded during the rotation phase.  

The previous study showed also that the frequency analysis of the AE signals is well adapted 

for the early detection of the galling phenomenon and possibly to characterize it (catastrophic 

and tolerant galling). That is why a large band sensor is used. The resonant AE sensor allows 

acquiring AE activity linked to galling with a higher sensibility than the wideband sensor. 

A large number of tests were carried out on a variety shades of steel. in this paper, three 

representative examples are presented with respect to the resulting galling nature (no galling, 

tolerant galling and catastrophic galling) as shown in table 1. 

No galling Tolerant galling Catastrophic galling 
Pin: 316L 

(K33*) 
Disc: 316L Pin: Nit60 Disc: 316L Pin: 17-4PH Disc: 316L 

   

K33: is a surface thermo-chemical treatements for a beter resistance to galling  

Table 1. Summary of studied galling (tolerant galling, catastrophic galling) 

In the next step on this paper, the metallographic characterization of the galling will be 

presented in order to explain the difference between the two types of galling (tolerant and 

catastrophic).  Then the results of the AE analysis relative to the detection of galling will be 

presented. Finally, a correlation between the results of AE and those of tribological 

observations will be presented in order to discuss the possibility of galling characterization by 

AE. 

3.2 Characterization of tolerant and catastrophic galling by the metallographic 
examination 

One can see easily on the table 2 that for the similar load of 175Mpa, the galling occurring with 
Nitronic 60 is less severe than that occurring with the 17-4PH, so it is called’ tolerant’ galling 
contrary to ’catastrophic’ galling that will cause a blockage of the components  

 

 

 

 

350 MPa 
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Nitronic 60 17-4PH 

  

Table 2. Tow types of galling are generated on Nitronic60 and 17-4PH under the same load 175MPa 

(tolerant galling, catastrophic galling) 

 

In order to further the analysis of the two cases of galling, the thesis team performed EBSD 
scan as shown in the figure below. 

 

Figure 5. EBSD results (Nitronic60 (tolerant galling) and 17-4PH (catastrophic galling)) 

175 MPa 175 MPa 

Tolerant Galling 
Nitronic60 - 350MPa 

 

 

Catastrophic Galling 
17-4PH brut - 175MPa 

2 mm 2 mm 

 µm 
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EBSD method is used to characterize the microstructure of the samples before and after 
testing. After galling, grain size is greatly reduced for all samples (in the case of catastrophic 
galling) apart from Nitronic 60 (tolerant galling, resulting in localized disorientation at the grain 
boundaries). 

3.3 Detection and characterization of galling by AE 

In order to study the detection of galling by AE, a frequency analysis of AE signals has been 
performed. 

Firstly, the no-galling case is analyzed in order to determine the maximum limit of the frequency 
content of the signals recorded in this step. Figure 6.a shows the distribution of the frequency 
center (of signals recorded by the wide band sensor) as function of the time test for the couple 
316LN/316L treated by K33 under a load of 350 MPa. As previously stated, this study focuses 
on the rotation zone to analyze galling. From this representation we can see that the recorded 
frequencies do not exceed 320 KHz. This result is true for other no-galling tests as shown in 
figure 6.b. 

a 

316LN/316L (K33) 

b 

316L/316L (K33); 316LN/316L (K33); 
Nit60/ 316L (K33). 

  

Figure 6.a. Distribution of the centroid frequency as function of the time test under a load of 350 MPa. 
a. for non-galling test 316LN/316L (K33). b. for other no-galling tests (316L/316L (K33); 316L/316LN 

(K33); 316L/Nit60 (K33)  

 

In a second step, the case of catastrophic galling is considered. AE data of the couple 17-
4PH/316L are analyzed. Figure 7 shows a comparison between the results obtained by the 
two used sensors (wide band sensor and resonant sensor).     

Unlike the result obtained previously, for both sensors the frequencies obtained for the forces 
greater than 11 MPa exceed the limit of 320 KHz.  

The wide band sensor has a slower dynamic compared to the resonant one, so the number of 
recorded signals is lower. On the other hand, as its spectrum is wider, the recorded frequency 
range is wider compared to the resonant sensor. In this study the wide band sensor is preferred 
over the frequency analysis. 
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a 

17-4PH/316L (Wide bande sensor) 

b 

17-4PH/316L (Resonant sensor) 

  

Figure 7. Distribution of the centroid frequency as function of the time test under different loads (green 
points represent frequency <320 KHz; red ones represent frequency >320 KHz). 
 a. AE recorded by a wide band sensor. b. AE recorded by a resonant sensor. 

 

Tolerant galling: Nit60/316L  Catastrophic galling: 17-4PH/316L 

  

Figure 8. Comparison between tolerant galling and catastrophic one “distribution of the centroid 
frequency as function of the time test under different loads (green points represent frequency <320 

KHz; red ones represent frequency >320 KHz) 
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The final step of this paper concerns the case of tolerant galling. AE data of the couple 

Nitronic60/316L are analyzed. Figure 8 shows a comparison between tolerant galling and 

catastrophic one, we notice that: 

- The common result between the two types of galling is that the frequencies exceed 320 

KHz. This result confirms that this frequency represents the threshold of galling 

phenomenon.  

- On the other hand, it is noted that in the case of tolerant galling the number of signals 
is less compared to the catastrophic galling. In addition, the frequencies obtained 
during the tolerant galling (<450 KHz) remain lower than those obtained in the case of 
catastrophic galling. 

4. Conclusion 

In this study the AE technique was used on ASTMG98 tests. The first objective is to test the 
early detection of galling on stainless steel specimens with or without heat treatment. The 
second objective is to differentiate AE signals as function of galling severity (tolerant or 
catastrophic) in order to complete and clarify the existing standard.  

The realized analysis of AE data shows that the frequency parameter is very sensitive to galling 
phenomenon.  

- The results show that the AE technique is able to detect early the galling phenomenon 
by setting a frequency threshold (320 KHz).  

- Thanks to the work thesis carried out by T.Lesage, two types of galling have been 
distinguished: tolerant galling (which is not critical) and the catastrophic galling (which 
can generate appalling effects). Using the EBSD method, it has been shown that 
tolerant galling does not change grain size (only disorientation at the joints), while 
catastrophic galling, leads to grain breakage until 40 micrometers.  

- The first results show that acoustic emission seems to be able to distinguish these two 
types of galling, notably by using the centroid frequency of the acoustic emission bursts. 
If centroid frequency of a burst is less than 450 kHz, this burst is associated to tolerant 
galling 

The results presented in this article are therefore encouraging. On the samples analyzed, it 
was possible, by acoustic emission, to quantify galling, and to distinguish between the two 
types of galling, catastrophic and tolerant. New test campaigns are planned to confirm these 
results. 
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