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ABSTRACT – This research aims to demonstrate how 

a spatiotemporal mapping analysis on tribo-data is 

effective to analyze repeated sliding phenomena. 3 

extremely different sliding conditions; dry sliding of 

copper, dry sliding of austenitic stainless steel and oil 

lubricated sliding of austenitic stainless steel were 

performed using a pin-on-disk apparatus and the 

spatiotemporal mapping analysis was applied for data of 

friction force and pin displacement perpendicular to the 

sliding surface. Fundamental physical mechanisms of 

adhesive wear in early stage of sliding i.e. 

accumulation, transfer, over-riding, rolling, etc. were 

successfully identified regardless of the sliding 

conditions. 

 

1. INTRODUCTION 

Elucidating tribological phenomena based on 

understanding of fundamental physical mechanisms is 

important to enable theoretical prediction of phenomena 

and providing necessary information deductively for 

design of machines, which are basic requirements for 

engineering. However, the elucidation is not yet 

satisfactory in tribology field partially due to difficulties 

in observing the phenomena. The difficulties are 

attributed to the small size and dynamic characteristics 

of the phenomena and that the phenomena take place at 

interface between sliding subjects. Spatiotemporal 

mapping analysis of tribo-data [1], which is also known 

as tribo-scopy [2], was developed to overcome the 

difficulties and enabled observation of the phenomena 

using dynamic tribo-data such as friction force. In this 

paper, sliding phenomena under severe to mild sliding 

conditions are analysed by the spatiotemporal mapping 

technique to show that (a) fundamental adhesive wear 

mechanisms [3,4] are common for wide range of sliding 

conditions and (b) spatiotemporal mapping analysis is 

effective to detect occurrences of fundamental adhesive 

wear mechanisms. 

 

2. EXPERIMENTAL METHOD 

Self-mated sliding tests of Oxygen Free High-

conductivity Copper (OFHC) and austenitic stainless 

steel: JIS SUS316 were conducted. 3 sliding conditions 

i.e. a) OFHC dry sliding, b) SUS316 dry sliding and c) 

SUS316 oil lubricated sliding were selected as a) most 

severe, b) medium and c) mildest conditions. Detailed 

experimental conditions are summarized in Table 1. 

Figure 1 shows a schematic drawing of a pin-on-disk 

apparatus used in this research. The sliding test part of 

the apparatus is covered with a small chamber with 

humidity controlled air supplier for dry sliding 

conditions a) and b). For sliding condition c), the 

chamber was removed and lubrication oil was supplied 

as shown in Figure 1. Data of friction force and pin 

displacement perpendicular to the sliding surface are 

collected and analysed as dependent variables in this 

research. 

 

Table 1 Experimental conditions. 

Variables Value 

Sliding speed, m·s-1 0.0628 

Load, N 10 

Sliding distance, m 126 

Environment 

(a) and (b): air with relative 

humidity 50% 

(c): ISO VG32 base oil 

 
Figure 1 Pin-on-disk apparatus. 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the spatiotemporal maps of the pin 

displacement data for the 3 sliding conditions. Although 

3 maps show somewhat similar appearances with each 

other, need to take note that full ranges for displacement 

are 300, 100 and 30 µm for a), b) and c), respectively. In 

the maps, gradual increase in pin displacement 

corresponds with “accumulation” mechanism [3, 4] with 

which an adhesive substance gradually grows at sliding 

Friction force 

sensor  

Displacement  
sensor 

Rotary 

encoder 

  

A/D converter, D I/O 

  

Measurement &  Measurement & 
control computer 

Pin 

Load force 

sensor  

Motor controller 

  

  

  

  
  

  

Dead load oad  

  
  

  

  

Motor tor  

  Disk 

  

  

V 

Slip ring 

Oil supply 

0.15 V 



Fukuda and Morita, 2018 

399 

 

surface on pin. Sudden decrease of pin displacement, 

which appears as suddenly ended white horizontal line 

in the maps usually corresponds with “transfer” [3, 4] 

mechanism of the adhesive substance from pin to disk. 

The combination of sudden increase and decrease of pin 

displacement at particular position on disk, which 

appears as vertical white line in the maps, corresponds 

with “over-riding” [3,4] mechanism. These mechanisms 

are commonly observed in the 3 maps. One of 

differences between the maps is the period of 

“accumulation” which is relatively short for dry sliding 

a) and b) while long in oil lubricated condition c). As 

the result, for c), “accumulation” does not appear as line 

but as dark to bright graduation for many rotations of 

disk. Another difference between maps is the frequency 

of “accumulation” to “transfer” processes and this is 

supposed to be attributed to the different period of  

“accumulation” in each sliding conditions. One 

mechanism particularly found for a) dry sliding of 

OFHC is “rolling” [4] mechanism of the adhesive 

substance on disk surface, which appears as diagonal 

white lines in Figure 2 a). Although the “rolling” 

appears similar to the “over-riding” on the map, its 

location on disk moves frontward pin sliding direction 

for certain distance by each pin sliding. The occurrence 

of “rolling“ mechanism is verified by observation on a 

friction force spatiotemporal map shown in Figure 3. 

Each white diagonal line in Figure 2 a) is accompanied 

by a black diagonal line in Figure 3, which shows that 

friction force decreases suddenly at the identical 

location of the white line in Figure 2 a). In this research, 

a rotational axis of disk is horizontal and the “rolling” 

mechanism observed is considered as of the adhesive 

substances on disk but not of discharged wear particles. 

Hence it is shown that all fundamental adhesion models 

proposed in previous studies [3,4] have been identified 

successfully by spatiotemporal mapping technique. 

 

4. CONCLUSION 

By comparison between severe, medium and mild 

sliding conditions using spatiotemporal mapping 

analysis on tribo-data, it is successfully shown that most 

of fundamental adhesive wear mechanisms are common 

for dry sliding and oil lubricated sliding of metallic 

materials. Spatiotemporal mapping analysis on tribo-

data performed well to identify each fundamental 

adhesive wear mechanisms. 
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Figure 2 Spatiotemporal maps for pin displacement 

 (a) dry sliding of OFHC, (b) dry sliding of JIS SUS316 

and (c) oil lubricated sliding of JIS SUS316. 

 

Figure 3 Spatiotemporal map for friction force of dry 

sliding of OFHC. 

 

 


