
This is a repository copy of Real-time fretting loop regime transition identification using 
acoustic emissions.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/155816/

Version: Accepted Version

Article:

Wade, A, Copley, R, Clarke, B et al. (4 more authors) (2020) Real-time fretting loop regime
transition identification using acoustic emissions. Tribology International, 145. 106149. 
ISSN 0301-679X 

https://doi.org/10.1016/j.triboint.2019.106149

© 2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 
license http://creativecommons.org/licenses/by-nc-nd/4.0/.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



1 

 

Title 

Real-Time Fretting Loop Regime Transition Identification Using Acoustic Emissions  

Authors 

A. Wadea, R. Copleyb, B. Clarkeb, A. Alsheikh Omara, A. R. Beadlinga, T. Liskiewiczc and M. Bryanta 

a University of Leeds, School of Mechanical Engineering, Institute of Functional Surfaces, Leeds, UK; 

b University of Sheffield, School of Mechanical Engineering, Leonardo Tribology Centre, Sheffield, UK; 

C Manchester Metropolitan University, Faculty of Science and Engineering, Manchester, UK. 

Abstract 

Acoustic emission (AE) has been successfully used to investigate the damage mechanisms of fretting 

contacts within different regimes. This study investigated the transition between fretting regimes 

using the relationship between AE and the mechanical response of a dry, steel-on-steel, ball-on-flat 

contact under different tangential displacements achieving the partial slip regime, mixed fretting 

regime and gross slip regime. Increased AE response occurred during gross-slip events and there was 

strong positive correlation between AE and fretting energy ratio. The relationship was strongest when 

gross sliding was experienced allowing identification of transition from the partial slip to the gross slip 

regime. This makes AE a good candidate to detect regime transition in-situ due to ease of integration 

and its non-destructive nature.  
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1.  Introduction 

Fretting is “a special wear process that occurs at the contact area between two materials under load 

and subjected to minute relative motion by vibration or some other force” according to the American 
Society of Metals 1. The nature of fretting means that detection is difficult, resulting in either 

catastrophic failure or expensive maintenance programmes 2,3. Catastrophic failure like that seen in 

the lap joints and rivets of a fuselage leading to the Aloha Airlines accident 4. Fretting occurs in many 

systems that are subject to cyclic loads such as: suspension cables, dovetail joints in turbine engines, 

electrical contacts and heat exchangers 5. Fretting contacts are extremely complex, transient in nature 

and intimately linked with corrosion leading to a complex degradation mechanism 6,7. Orthopaedic 

implants are one such example where fretting-corrosion is a significant degradation mechanism 

leading to early failure 8,9. Depending on the working conditions, different fretting regimes can be 

achieved and are associated with different degradation mechanisms 10. The partial slip regime (PSR) is 

more commonly associated with fretting fatigue crack formation and the gross slip regime (GSR) with 

fretting wear and material removal. Identification of the regime is important in understanding the 

dominant degradation mechanism 11.  

Considering a Hertzian contact, different fretting regimes demonstrate characteristic fretting loops 

and material responses 10,11. Fretting loops characteristic of the PSR demonstrate a narrow hysteresis 

loop associated with plastic shear and fatigue crack formation. Mindlin12 was the first to introduce the 

presence of a central stick region with limited degradation due to sufficient normal stress to prevent 

slip, surrounded by an outer slip region where normal stress is insufficient in preventing slip. The GSR 

fretting loops display a larger, elongated hysteresis loop associated with surface and bulk plastic 

deformation coupled with fracture at all the connecting asperities. The mixed fretting regime (MFR) is 
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where transition between the GSR and PSR exists under constant working conditions close to critical 

values of tangential displacement ( 𝛿 ) and normal load ( 𝑊 ), resulting in highly transient and 

unpredictable processes at the interface 13. Differentiation between regimes is commonly achieved 

using criteria directly derived from the characteristic parameters of fretting loops such as fretting 

energy dissipation (ratio, 𝐴), slip ratio (𝐷) and slip index (𝛿𝑖) 14–21. Therefore, accurate measurement 

and analysis of the material response are essential for correlation with other datasets.  

Acoustic emission (AE) has been used as a method of non-destructive testing (NDT) as early as the 

1960s and has allowed online monitoring of engineering components 22,23. This has been used to 

monitor tribological components such as high speed cutting tools and rolling elements bearings using 

piezoelectric transducers 24,25. AE is defined as transient elastic wave generated by the rapid release 

of energy in a localised source within a material 26. This can be caused by any activities resulting in the 

transfer of energy including crack formation and propagation, dislocations, leakages, corrosion, 

material impingement and fracture of contacting asperities 26–30. AE can either be burst or continuous 

in nature depending on the acoustic stimulation, meaning characterisation can differ 26. 

AE techniques have been used to monitor tribological activities under different sliding conditions in 

both lubricated and non-lubricated systems. Fatigue crack initiation and propagation has been 

investigated using the number of burst signals (hits) 31. Three distinct stages were identified by the 

rate of recorded hits as initiation, plastic response at the crack tip followed by shearing between 

micro-voids. Wear processes have also been investigated using AE  32,33. The root mean square voltage 

of acoustic hits has been found to increase with increased specific wear rate 32. Differences in AE  

response have also been found between adhesive and abrasive wear mechanisms 33. Consistent with 

other studies both mechanisms presented an increase hit amplitude with increased transfer particles 

and wear elements due to the sudden release of strain energy. However, the frequency spectra of 

these hit signals differed between wear mechanisms associated with the variance in wear particles 

produced. Sliding contacts that experienced stick-slip phenomena produced an increased hit 

amplitude during the onset of slip (transition from static to kinetic friction), associated with the sudden 

release of contacting asperities 30,34.  This explanation also follows for lubricated systems. Contacts 

under a mixed lubricated regime (i.e. asperity contacts are present) increased AE intensity was found 

with increasing load and speed associated with the increase rapid release of strain energy of 

contacting asperities 35. 

Fretting contacts have also been investigated using AE techniques. Fretting fatigue crack formation 

was investigated using AE with an applied tensile force to the flat specimen and a fretting motion using 

a Hertzian contact in the PSR 27,36,37. There was found to be an increased accumulative energy and 

number of hits associated with the rapid release of strain upon crack initiation and propagation. 

However, it was clear that correlation between mechanical data, wear morphology and acoustic data 

was difficult, often only comparing general trends as opposed to specific events in data sets. Fretting 

wear was investigated by Ito et al. 38 using a metal-on-metal contact finding that peaks in AE amplitude 

did not occur in the PSR but occurred in the GSR when pure slip was achieved, associated with the 

sudden fracture of contacting asperities. This was also seen in another fretting wear study that used 

a ductile metal-on-metal contact, that found increased hits during the sliding portion of the GSR 

fretting loop at the start of the test 39. However, as the experiment progressed ploughing action of the 

contact resulted in the increased amplitude of the hits at the loop extremities. Effects of the ploughing 

action was also seen in fretting experiments using ceramic-on-metal contacts, identifying collision 

with the ends of the wear tracks as a possible source of AE 40. Although there have been studies carried 

out to help the understanding of fretting contacts using AE, there appears to be a lack of accurate 
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correlation of mechanical data with acoustic signals for the purposes of regime transition 

identification. 

This study aimed to develop a fretting wear model with integrated AE sensing capability with the view 

correlate AE signals with the mechanical response of a fretting contact to identify fretting regimes. 

This was achieved by correlating the mechanical response of the fretting contact and the fretting 

energy ratio ( 𝐴 ) with AE signals in real-time. This has a number of applications including the 

development of asset monitoring devices, enabling smart monitoring due to the ease of incorporation 

of AE sensors into systems. 

2. Materials and Methods 

2.1 Experimental set up 

A bespoke in-house built fretting tribometer, coupled with an acoustic emission (AE) sensing system, 

was used in this study. A 3D schematic of the experimental set up can be seen in Figure 1. The fretting 

rig applied oscillatory tangential displacements through an electrodynamic shaker (GWV55/PA300E, 

Signal Force). Normal load (𝑊) was applied by a cantilever system through the contact interface.  

 
Figure 1: 3D Schematic of experimental set up. 

Fretting output data included tangential load (𝑄 ) and tangential displacement ( 𝛿 ) which were 

measured using an axially mounted load cell and optical displacement sensor respectively. The device 

was controlled, and data recorded by means of a custom LabVIEW (National Instruments, USA) 

programme. The contact geometry was a bearing steel ball, Ø12.7 𝑚𝑚 (𝐸𝑏𝑎𝑙𝑙 = 180 𝐺𝑃𝑎, 𝑣𝑏𝑎𝑙𝑙 = 0.3) 

on a flat X65 carbon steel disk (𝐸𝑓𝑙𝑎𝑡 = 200 𝐺𝑃𝑎, 𝑣𝑓𝑙𝑎𝑡 = 0.3). A disc sample holder was designed to allow 

the contacting interface to be monitored with a piezoelectric sensor (VS900-M, Vallen Systeme 

GmbH), as shown in Figure 2.  
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Figure 2: Detailed view of how the AE sensor was integrated into the fretting rig 

The sensor-disc interface was mediated by a thin layer of vacuum grease. The piezoelectric sensor 

converted AE signals into electric signals. The electrical signals were then passed through a 

preamplifier (AEP4H, Vallen Systeme GmbH) which amplified and filtered the electrical signals before 

processing in an acquisition and storage system (AMSY-6, Vallen Systeme GmbH) and displayed by 

software. Prior to experimental evaluation, a thresholding activity was conducted to ensure AE events  

detected were those arising from the interface appose to the fretting equipment. Tribometer and AE 

sensing experimental parameters can be seen in Table 1.   

Table 1: The values of fretting and acoustic emission (AE) set up parameters. 

Fretting parameters  Values AE parameters  Values 

Normal load (N) 50 TR recording rate (𝑀𝐻𝑧) 2.5 

Number of cycles  1500 Threshold (𝑑𝐵) 20 

Hertzian contact pressure (𝑀𝑃𝑎) 917 Acquisition frequency (𝑀𝐻𝑧) 10 

Tangential displacements (𝜇𝑚) 25, 50, 75, 100 
Preamplifier frequency (𝑘𝐻𝑧) 90-850 

Frequency (𝐻𝑧) 3 

The fretting displacement reached steady state for all experiments after a period of running-in which 

was determined as the point at which the fretting rig achieved the selected displacement amplitudes 

and can be seen in the results section. In this study, different tangential displacement amplitudes (𝛿∗) 

were run with three repeats. Fretting data (𝑄 and 𝛿) and AE data (hit amplitudes in 𝑑𝐵) was recorded 

simultaneously and exported for post analysis using MATLAB (MathWorks, USA). Figure 3 shows a 

schematic of an AE hit and associated amplitude from the raw AE single. 
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Figure 3: Schematic showing the raw AE signal with indicated  AE hit and associated hit amplitude. 

2.2 Correlation between fretting and AE data  

Correlation of the fretting data with AE data was achieved by the ratio between dissipated energy (𝐸𝑑) 

and total energy (𝐸𝑡) i.e. the fretting energy ratio (𝐴, see Equation 1).  

𝐴 = 𝐸𝑑𝐸𝑡  
Equation 1 

𝐸𝑑 was calculated as the area bound by the fretting loop using the “polyarea” MATLAB function. 𝐸𝑡 

was approximated as the area of the smallest rectangle able to contain each fretting loop. Figure 4 

shows a schematic of both 𝐸𝑑 and  𝐸𝑡. 

 
Figure 4 Schematic of dissipated energy (𝐸𝑑) and total energy (𝐸𝑡). 

Transition between the PSR and GSR was identified by the energy ratio threshold of 0.2. This threshold 

was identified by Fouvry et al. 17, where a ratio of 0.2 identifies the theoretical point at which static 

friction is overcome based on Mindlin’s formalism. Above the threshold indicates an increased 

proportion of dissipated energy due to a sufficient tangential force to overcome static friction of the 

contact. While a ratio below the threshold indicates a higher proportion of recovered elastic energy 

due to insufficient tangential force to overcome static friction at the contact.  

This data was synchronised with the maximum AE hit amplitude for each second using time-date 

stamps. The correlation between energy ratio and AE hit amplitude was quantified by using a 

Pearson’s correlation coefficient. Pearson’s correlation analysis was performed using data from the 
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experiment, including prior to the fretting rig reaching steady state. This provided a single variable to 

quantify how well the mechanical response of the fretting contact linearly correlated with AE hit 

amplitude during the progression of the whole experiment, including during times of transition prior 

to reaching steady state. Deeper analysis of the AE data was performed and compared to fretting data 

on a sub-loop scale. This was achieved by plotting each hit and its corresponding amplitude against 

two coordinates 1) position within a the loop and 2) cycle number.  

3. Results 

 3.1 Sub-loop AE Response  

Increased AE hit amplitude occurred when gross-slip at the interface was achieved. This can be seen 

in Figure 5 where an increased AE hit amplitude corresponded to slip events identified as regions of 

constant 𝑄 independent of sliding velocity. The 𝛿∗ = ± 25 µ𝑚  experiment did not experience gross-

slip and a corresponding constant AE hit amplitude of around 25 dB was observed (Figure 5a). The 𝛿∗ 

= ± 50 µ𝑚, 𝛿∗ = ± 75 µ𝑚 and 𝛿∗  = ± 100 µ𝑚 experiments did experience gross-slip shown by the 

periods of approximately constant 𝑄  (Figure 5b, c and d respectively). During these periods of 

constant 𝑄  and increasing 𝛿 , increased hit amplitude was observed with increasing tangential 

displacement (𝛿). Under a constant normal force of 50 𝑁 slip was generally achieved at a tangential 

force of ±10 𝑁, resulting in a static coefficient of friction of approximately 0.2. 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

Figure 5: Tangential displacement (𝑄) synchronised with AE hit amplitude verses time within a cycle for the: (a) 𝛿∗ =±25 𝜇𝑚 experiment (b) 𝛿∗ = ±50 𝜇𝑚 experiment, 𝛿∗ = ±75 𝜇𝑚 experiment and 𝛿∗ = ±100 𝜇𝑚 experiment. 

Slip Stick Slip Stick 

Slip Stick Slip Stick Slip Stick Slip Stick 

Stick 



7 

 

 

3.2 Loop-by-loop AE Response 

The selected tangential displacements for the given working conditions presented the PSR, GSR and a 

mixture of the two. Typical examples of each experiment are shown in Figures 5-8, each of which is 

split into three parts. These are (a) Q-δ plots throughout the experiment, (b) comparisons of energy 

ratio and AE and (c) spectral maps showing AE hit activity as a function of cycle position and cycle 

number.  

Figure 6a demonstrates a PSR response throughout the whole experiment for 𝛿∗ = ± 25 µ𝑚. Energy 

ratio remained well below the 0.2 threshold indicating the PSR. The AE hit amplitude remained 

consistently low between 23 − 26 𝑑𝐵 throughout the whole experiment shown in both Figure 6b and 

c. 
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(a) 

(b) 

(c) 

Figure 6: The 𝛿∗ = ±25 𝜇𝑚 experiment (a) fretting loops, (b) energy ratio (𝐴) and AE hit amplitude and, (c) Sub-loop AE 

hit amplitude over the whole experiment. 

In the 𝛿∗ = ± 50 µ𝑚  experiment, the contact was within the MFR. This was demonstrated by narrow 

hysteresis loops, which transitioned after the running-in period, shown in Figure 7a. This was 

demonstrated by energy ratio crossing the 0.2 threshold indicating the static friction was overcome 

giving rise to the GSR. There was also a corresponding increase in AE hit amplitude that peaked to 56.32 𝑑𝐵, around 30 𝑑𝐵 above the relatively constant AE observed in the 𝛿∗ = ± 25 µ𝑚 experiment. 

After transition small fluctuations in AE by approximately 2 𝑑𝐵 above that observed in the PSR. Figure 

7c identifies two acoustic events per cycle that that were both greater at the onset of the GSR. 
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(a) 

 

(b) 

(c) 

Figure 7: The 𝛿∗ = ±50 𝜇𝑚 experiment (a) fretting loops, (b) energy ratio (𝐴) and AE hit amplitude and, (c) Sub-loop AE 

hit amplitude over the whole experiment with regions of stick and slip indicated. 

The 𝛿∗  = ±75 µ𝑚 experiment was in the GSR as transition occurred within the running-in period 

demonstrated by the Q-δ plots and energy ratio (Figure 8a and b respectively). This transition at 

around 240 cycles demonstrated a gradual increase in energy ratio accompanied by a simultaneous 

increase in AE hit amplitude to around 45 𝑑𝐵. After transition the energy ratio varied between 0.5-

0.6 and a greater AE hit amplitude between 45 − 65 𝑑𝐵, greater than the 𝛿∗ = ± 50 µ𝑚. Two acoustic 

events occur per cycle, both events present a gradual increase to a similar amplitude as the 

experiment progressed as shown in Figure 8c.   

 

  

Slip 

Slip 

Stick 

Stick 
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(a) 

 

(b) 

(c)  

Figure 8: The 𝛿∗ = ±75 𝜇𝑚 experiment (a) fretting loops, (b) energy ratio (𝐴) and AE hit amplitude and, (c) Sub-loop AE 

hit amplitude over the whole experiment with regions of stick and slip indicated. 

The 𝛿∗ = ±100 µ𝑚 experiment was in the GSR with the hysteresis loops displaying a larger proportion 

of pure slip than the 𝛿∗  = ±75 µ𝑚 (Figure 9a ). There was a corresponding greater energy ratio 

between 0.6 − 0.7  and AE hit amplitude 65 − 80 𝑑𝐵  (Figure 9b). Additional to the relationship 

between energy ratio and AE amplitude seen upon transition, events within the GSR were also 

identified at cycle number 1000 and 1300 (Figure 9b and c). This was seen within the energy ratio but 

was more noticeable from the AE response. Unlike the 𝛿∗ = ±75 µ𝑚 experiment increases in energy 

ratio beyond the threshold occurred during the first 200 cycles without a corresponding increase in 

AE hit amplitude. Figure 9c also demonstrated that these events occurred twice within a loop with 

subtle differences between the two. 
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Stick 
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(a) 

 

(b) 

 (c) 

Figure 9: The 𝛿∗ = ±100 𝜇𝑚 experiment a) fretting loops, (b) energy ratio (𝐴) and AE hit amplitude and, (c) Sub-loop AE 

hit amplitude over the whole experiment with regions of stick and slip indicated. 

4. Discussion 

This study found a correlation between AE response and transition of a fretting contact between the 

PSR and GSR. The results agree with those of Ito et al. 38 in that within the PSR acoustic energy was 

that of the background noise always present during fretting, but an increase in AE occurred in the GSR. 

In this study an increased hit amplitude occurred with gross-slip events (Figure 5). This resulted in a 

strong correlation between the fretting energy ratio and AE hit amplitude. This is shown in Figure 10 

where a Pearson’s correlation coefficient of 1 indicates a perfect positive linear correlation between 
fretting energy ratio and AE hit amplitude, while a coefficient of 0 indicates no correlation. The GSR 

experiments (𝛿∗ = ± 75 µ𝑚 and 𝛿∗ = ± 100 µ𝑚) demonstrated a very strong correlation due to the 

presence of gross-slip events and higher energy ratio. The MFR demonstrated a medium correlation 

strength as a smaller proportion of the experiment presented loops characteristics of the GSR. The 𝛿∗ 

= ± 25 µ𝑚 experiments within the PSR and therefore an energy ratio below 0.2 presented little to no 

correlation due to the absence of gross-slip events resulting in a correlation coefficient of around 0.1. 

Stick 

Stick 

Slip 

Slip 
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However, one of the three 𝛿∗  = ± 25 µ𝑚  experiments presented an a transient slip event which 

resulted in an anomalous correlation coefficient of 0.6 i.e. greater than three standard deviations from 

the mean of the other two. This relationship between AE hit amplitude and energy ratio was likely due 

to a the short duration of the experiments where fretting wear processes dominated. Over a longer 

test duration fretting fatigue and crack formation could occur, resulting in an increase AE response in 

the PSR affecting the correlations found during this study. 

 
Figure 10 Pearson’s correlation coefficient between fretting energy ratio and AE hit amplitude for experiments at each 
displacement. The error bars represent the 95% confidence intervals from the three repeats of each experiment. 

The correlation was strongest during transition due to the proportional reduction in noise, particularly 

in the AE signal. The most likely source of AE was a result of the sudden release of contacting asperities 

upon the onset of gross slip at the interface. This is supported by the sub-loop AE analysis plots which 

shows two regions of acoustic activity per cycle, not present until pure slip was seen in the fretting 

loops. These two areas of increased AE activity per cycle are consistently separated by approximately 

0.16 s which corresponds to the time for half a cycle running at 3 Hz. Additionally, the hit amplitude 

shows a general trend of increasing with tangential displacement amplitude when in the GSR. As the 

fretting frequency was kept constant during these experiments, the slipping speed increased with 

tangential displacement. Therefore the increased AE hit amplitude could be explained by a faster 

release of elastic strain energy from breaking asperity junctions, as suggested by Briscoe et al.41. This 

is also in agreement with an in-silico study that investigated a rough sliding contact 42. This study found 

that the frequency of shocks due to contacting asperities per unit time decreased but the intensity 

increased. If the sliding speed was constant and the tangential displacement amplitude was increased 

one would expect an increase in the number of acoustic hits per cycle as more asperity junctions were 

formed and broken but not an increase in hit amplitude. An alternative explanation for AE is collisions 

at the ends of the wear track as seen in previous studies that employed ductile contacts that 

experienced ploughing 39. The general trend of AE hit amplitude increasing with tangential 

displacement amplitude when in the GSR could then be explained by the higher energy impacts at 

higher sliding speeds. However, this was unlikely as suggested by the lack of hooked-like corners of 

the fretting loops and upon observation of the synchronised plots between 𝑄 and AE hit amplitude 

for a given cycle (Figure 5). This highlights a limitation of this study, only using hits to analyse the AE 

response which meant that the source of the AE could not be distinguished. Future work includes 

frequency spectra analysis of the AE response. 

GSR 

MFR 

PSR 
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The 𝛿∗ = ±100 µ𝑚 experiment also saw an observable relationship between AE and energy ratio after 

transition into the GSR around cycle numbers 1000 and 1300 (Figure 9b). Within gross-slip portions 

of the fretting loops (Figure 5d and Figure 9a) fluctuations were possibly due to the occurrence of 

stick-slip phenomena, a source of AE seen in other studies 30,34. Conversely, within the MFR after an 

increase in AE hit amplitude was observed during the onset of gross-slip, a reduction thereafter was 

demonstrated. This effect was seen in previous studies due to the retention of wear debris within the 

contact, which led to the formation of a tribologically transformed structure layer during longer 

experiments 38,40,43. This effect was not seen in the two experiments that demonstrated the GSR. One 

explanation is the expulsion of the wear debris from the contact at the larger displacements.  

This 𝛿∗ = ±100 µ𝑚 experiment also demonstrated points at which the fretting energy ratio exceeded 

the 0.2 threshold during the first 200 cycles without a corresponding increase in AE hit amplitude 

(Figure 9b). Deeper analysis of the fretting loops during this period reveal transient uncharacteristic 

mechanical responses shown in  Figure 11a and b. This suggests an increased proportion of dissipated 

energy (Ed) that was not due to a pure slip event indicated by the gradient between Q and 𝛿 differing  

from characteristic fretting loops seen more clearly in Figure 11a. This was a limitation in using only 

one parameter to correlate the mechanical response to AE signals. Future work could include the use 

of a recently developed method by Wade et al. 44 that is able to quantify the different proportional 

responses of a fretting contact and identify any uncharacteristic responses. 

(a) (b) 
Figure 11 Fretting cycles during the first 200 cycles of the example 𝛿∗ = ±100 𝜇𝑚 experiment. (a) 2D plot of fretting loops 

(b) 3D plot of fretting loops against cycle number. Arrows indicate uncharacteristic fretting loops. 

This study successfully correlated AE response with mechanical fretting data. Increased AE activity was 

observed during slip events and is therefore a good candidate to detect PSR to GSR transition in-situ. 

The challenge now lies in separating these AE signals from other signals from the contact and other 

sources within a system. Although activity and intensity are used to classify AE signals it has been 

shown that they are insufficient in resolving differences in features of the stress waves generated by 

different processes such as mechanical, chemical and thermal. This is where frequency spectra 

analysis can come in, where differences in frequency have been found to reflect friction and some 

wear 45. The capacity of this technique to be used for online monitoring could be further enhanced by 

the use of different loop analysis methods. Like that developed previously providing further 

information of the mechanical response of the contact in real time with transition criteria independent 

of Amonton’s third law 44.   



14 

 

5. Conclusion 

The relationship between AE and the material response of a dry, steel-on-steel ball on flat fretting 

contact was examined under different tangential displacements achieving the PSR, MFR and GSR. 

There was strong positive correlation between AE and fretting energy ratio in the GSR and at transition 

from the PSR to the GSR. The PSR provided AE similar to that of the background noise always present 

during fretting and an increase in AE occurred in the GSR. This was due to an increased hit amplitude 

with the presence of gross-slip events causing a rapid release of elastic strain energy. The relationship 

between AE and energy ratio was strongest when gross sliding occurred and therefore transition from 

the PSR to the GSR which makes AE a good candidate to detect regime transition in-situ. One limitation 

of this study was the ability to distinguish between different AE events. Future work incudes of analysis 

of the frequency spectra and loop analysis methods that can provide more online information about 

the mechanical response of the contact. 
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