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Abstract— The wear map approach has been used successfully to identify interactions taking place between sliding 
surfaces. Using this approach, wear mechanisms have been analyzed to optimize cutting tool applications in the field of 
metal cutting. This research proposes to expand the use of wear maps in optimizing process parameters for drilling of rocks 
during petroleum exploration 
 
Index Terms— Wear map; mining; petroleum exploration, rock drilling. 
 
I.  INTRODUCTION 
 
Fossil fuels have been at the accounted for 36.3 % of 
all fuel consumption in 2010, excluding electricity 
generation [1]. Petroleum fuels are chiefly used in the 
transport sector which itself accounted for 27% of the 
total world energy consumption in 2008 [2]. With the 
depletion of petroleum oil reserves in relatively 
accessible rock formations, there is a need to carry 
out research for effectively recovering oil from 
difficult to drill rock formations. The wear map 
approach provides an effective means to optimize 
drilling parameters and analyze the interactions and 
wear mechanisms involved in the drilling process. 
Already this approach has been successfully exploited 
in the optimization of metal cutting processes [3, 4, 
5], as well as analysis of wear mechanisms and the 
physical and chemical interactions taking place at the 
interface of the tribological surfaces [6-10]. Such 
research has contributed tremendously towards the 
development of more effective tools and tool 
coatings, leading to enhanced tool life and greater 
productivity. Ultimately, such research developments 
have resulted in reduced process costs and enhanced 
process efficiency. The process of oil drilling is 
analogous to the process of machining, albeit on a 
much larger scale. The tools used in this process are 
also of similar categories, that include high speed 
steel (HSS), carbide (tungsten carbide), diamond 
(various grades of diamond) and coated tools. 
Though, as compared with machining, very few 
researchers have reported work done on the wear. 
 
II.  EXPERIMENTAL SETUP 
 
This research work is carried out using an indigenous 
pin-on-disk fixture developed by Sadiq et. al.[11], 
according to the standard ASTM G99-05 [12] (Figure 
1). The apparatus allows a pin made from standard 
tool materials to be rubbed against various rock 
samples, rotating at known revolutions per minute 

(rpm). The apparatus also allows the load to be 
increased or decreased in required steps. In order to 
analyze wear mechanisms, the first step would be to 
analyze tool wear rates at known conditions and to 
determine the optimal conditions for operating 
existing tools against known rock samples. This 
research therefore looks towards determining wear 
rates of these tool materials when worked against 
hard rock formations, mapping them against known 
laboratory conditions, and according to those wear 
maps, selecting the most suitable tool material, and 
drilling conditions. 
  
  
 

 
Figure 1  The pin-on-disk apparatus 

 
III.  RESULTS AND DISCUSSION 
 
Figure 2 shows plots obtained for wear-rate of 
Carbide pin and S-grey rock sample. The pin wear 
rate contour map reveals that the minimum tool loss 
rate occurs at 1.8-2 m/sec speed range and 10-20 N 
load range 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,  Volume- 3, Issue-6, June-2015 

Use Of Wear Map Approach In Optimization Of Drilling Parameters For Petroleum Exploration 
 

64 

 

 
 

 
 
 

 
Figure 2 (a) Contour map and (b) Surface plot 
showing wear rate of Carbide pin in contact with the 
rock sample(c) Contour map and (d) Surface plot 

showing wear rate of rock sample in contact with 
Carbide pin 
The maximum wear rate for HSS pin is observed for 
the rock sample. From the contour plot shown in 
figure 2, it is observed that the maximum spreads 
above the load 100N, and below the speed 1m/sec. 
Therefore, the plot is extended to a load of 150N, and 
a speed of 0.5 m/sec. The experimental results are 
presented as a scatter plot. 
 

 
Figure 3 Scatter plot for HSS pin wear rate 

 
The contour plot follows the previous trend with the 
maxima extending beyond 100N and 1m/sec, and a 
new maxima is observed in the range 1500 – 2000 
mm/sec, for the load range above 140 N. This 
maxima is therefore the region of avoidance, whereas 
the region of safety remains the same, i.e. the speed 
range 1000 – 1500 m/sec, and load range 10N. 
 
CONCLUSIONS 
 

• Experimentation shows that different rocks have 
different wear response to different drill-bit 
material at different loads and speeds; hence the 
factors required for drilling optimization are 
identified, and tweaked for maximum results.  

 
• Oil & gas exploration companies need to assess 

drilling site before drilling; indigenous 
tribometer can be used for developing the wear 
maps for selection of optimal drilling parameters 
for any specific drill site  

 
• Use of the pin on disk tribometer for customized 

applications will therefore prove useful for the 
local industry.  
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