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Abstract 

This paper investigates the effect of load and speeds (up to 3 

m/s) on wear and friction behaviour of PVD deposited CrN 

coatings on cast iron substrate. Pin on disc tribometer has 

been used to analyse the wear behaviour of the surface. The 

temperature rise due to friction was monitored in wear tracks, 

and higher wear track temperature stimulates higher coating 

wear as well as degradation of materials. The wear rate is 

decreasing by the simultaneous increase of load and speed. 
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Introduction 
Automotive industries are dealing with the various types of 

losses in internal combustion engine around 70% of total 

energy used in the frictional and wear losses which are the 

measure cause of failures in an IC engine and results to 

decrease the efficiency. Generally, friction loss occurs due to 

the motion of the engine subparts (around 80% of total loss in 

the engine) like engine bearings, valves and piston assembly 

[1]. IC engine assembly consists piston and rings that are 

mounted at the grooves of the piston while two contact 

surfaces move concerning one another at a particular load 

with a sliding velocity the action of movement leads to the 

wear and tear of the piston rings and liner. Various wear 

resistant surface coating techniques are used to reduce wear 

and enhance the life of subparts of IC engine [2]. The coating 

is done to form a protective layer at the base material or 

substrate by the Chemical vapour deposition (CVD), physical 

vapour deposition (PVD) and thermal spraying while PVD is 

preferred for thin film coating [3]. Tribo-analysis methods are 

used to characterise the coated component physical and 

mechanical properties, and the coating thickness and the 

technique of layer also influence the coated tribological 

performance of the subparts of IC engine. Tribotest was done 

at various loads and velocities to an automobile engine of four 

strokes under both dry and flooded condition by engine oil. 

Lubricant starvation was found to be the most critical 

operational parameter leading to surface damage and wear. 

Due to the high temperature of the contact point, it is observed 

that some disc or coated sample material transfer and adhere 

to the pin or the cylinder liner material. This phenomenon is 

called micro-welding. Anodizing was shown to a very 

effective treatment to resist micro- welding. Based on this 

literature information, it is understood that coating is a useful 

technique to improve the tribological performance of 

relatively moving components. Therefore, some simulation 

software like ANSYS can be used to validate, or modelling of 

piston ring considering the applied forces and sliding motion 

and the sliding distance could be worth studying the coating 

life. [4-5] 

 

 

Materials and methods 

Physical vapour is an atomic deposition process for thin film 

coatings in which material (i.e. solid or liquid) is vaporised in 

the form of molecules or atoms. These atoms are transported 

in the form of vapour to the substrate where it condensed, 

through a low-pressure gaseous environment or vacuum. The 

rate of deposition is 1-10nm per second. This technique can be 

used for deposition of some film elements and alloys as well 

as compound. Whereas compounds are formed by the reaction 

of ambient gas such as nitrogen (e.g. chromium nitride CrN) 

and the depositing metal. Typically, PVD processes are used 

to deposit films in the range of a few nanometers to thousands 

of nanometers. Whereas they can deposit multilayer coating, 

graded composition and freestanding structure. Coatings 

generally have unique properties compare to the substrate. 

Several factors affect the properties of surfaces. 

Pin on disc type wear monitor with data acquisition system 

was used to evaluate the wear behaviour of coating against the 

cylinder liner. The load was applied on pin by dead weight 

through pulley string arrangement. The system had a 

maximum loading capacity of 200 N. The test was performed 
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under dry condition. The wear test can be performed on any 

wear tester, but for thin coatings pin on disc wear test is most 

commonly used. The machine is attached with the computer 

and software WINDCUM 2008. The pin can be loaded with 

different loads; it can be changed externally. The coating 

pasted disc fastened on the machine with the help of screws. 

The load was applied to the pin through dead weight loading 

arrangement. The coating surface and pin was initially washed 

with methyl alcohol so that, moisture should not present on 

the coating surface. Initially, the cylinder liner material pin 

was fixed on the pin holder; the wear rate of the coatings was 

calculated at different loading and sliding conditions. The 

wear rate was calculated by weighing the disc before after the 

wear test regarding grams on an electronic balance of least 

count 0.00001 g. 
 

 
 

Figure 1: Pin on Disc Tribometer and Thermal Imaging 

Camera   
 

Results and Discussion 

The simplest way of measuring wear is based on measuring 

the weight loss in each track or after a test. It is a direct 

method, but one should be careful in taking the measurement. 

Wear volume can be calculated from an equation based on the 

wear scar shape. The wear depth is considered a reliable way 

of assessing weight loss. A wear coefficient is often used to 

categories resistance to contact wear. It is used to calculate the 

specific wear rate or wear coefficient (K). Where wear 

volume in mm3 and load in Newton and sliding distance in 

meter and wear amount can be calculated by the above 

expression. Above wear, the coefficient was suggested by 

Holmberg and Matthews as a standard for wear test [6]. 

Specific Wear Rate = Wear Volume/ (Load × Sliding 

Distance) 

Wear behaviour of CrN coating can be clearly seen in Figure 

2. The load varies from 25 to 50N and speed varies from 1 to 

3m/s. Wear coefficient is decreasing from 2.29×10-5 to 

1.68×10-5  mm3 /Nm. The simultaneous increase of load and 

speed shows the decrease in wear coefficient.   

 

 
Figure 2: Specific wear rate    

 

 

The temperature at the point of contact 

 

Fig.3 shows the plot of wear track temperature generated 

during the wear test. The temperature is ranging from 33 to 

89°C due to the varying load and speed. At a constant speed 

of 1ms when load is increasing from 25 to 40N the 

temperature is rising from 33 to 48°C. while at 2m/s when 

load is increasing from 30 to 45N the temperature is recorded 

from 44 to 59°C. At the maximum speed of 3m/s and varying 

the load from 35 to 50N the temperature is increased from 65 

to 89°C. The effect of operating temperature plays a 

significant role in the failure of the coating, and also some 

mechanical properties are of considerable importance. It is 

also reported that some ductile material becomes brittle under 

some conditions if the operating or service temperature is 

reduced. Some brittle materials exhibit ductile fracture at 

higher temperatures and brittle fracture at lower temperatures.  

By increasing the temperature at this stage, a small amount of 

unreacted chromium in the Cr2O3 films due to the presence of 

oxygen content in wear track or Cr interlayer used to improve 

the adhesion between the film and substrate. Cr2O3 films 

showed the higher thermal stability in pure nitrogen than in air 

because the brittle oxidation product was more prone to 

cracking and chipping. The similar results had been reported 

by Ostwald et al. namely the amount of oxides formed is the 

highest after oxidation in synthetic air, due to the 

advantageous role of nitrogen for nucleation of chromium 

.many investigation mentioned earlier in the field of thin films 

and the reported that film declamation of coating and substrate 

fracture that is dependent upon residual stress  (in plane and 

parallel of thin film) has been correlated with fracture energy 

of thin film by using Griffith’s theory of fracture with a 

consideration of stress discontinuity at the interfaces. It also 

affected by the temperature that causes to decrease residual 

stress, which results to decrease in boding and increase 

declamation initially [7-8]. 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 23-25 

© Research India Publications.  http://www.ripublication.com 

25 

 
Figure 3: Temperature at the point of contact during the 

wear test    

 

 

Conclusion 
The variable load and the constant sliding speed affect the 

amount of frictional force of the rubbing body. The wear rate 

is decreasing from 2.29×10-5 to 1.68×10-5 mm3 /Nm. The 

simultaneous increase of load and speed shows the decrease in 

the wear coefficient. The temperature is ranging from 33 to 

89°C due to the varying load and speed. Thus, maintaining the 

appropriate temperature at the point of contact can reduce 

frictional force and wear and improve the working condition 

of piston rings arrangement application, and CrN coating also 

exhibits better tribomechanical stability at a higher 

temperature. 
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