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ABSTRACT: Knurling provides a better gripping surfaces and improves the appearance of engineering 

components. The loss of material in various engineering knurled components is significantly high due to wear. 

This material loss leads to reduction in life of the knurled impressions. Wear studies were focused on surface 

damage in terms of material removal mechanism within the most industries and financial loss occurs due to wear 

of various knurled components. The major issue of the knurled impressions is more wear rate due to lower 

strength. In this work service life of engineering knurled components is enhanced by surface coating technique to 

improve their wear resistance. In this study Molybdenum Disulphide coatings were used to enhance the properties 

of knurled component. The characterization of surface coating of knurled component can be done by conducting 

a wear analysis using pin on disc wear testing machine. The results of knurled components were compared with 

the results of surface coated knurled component. The result of this study shows that load is having significant 

effect on wear rate when compared to speed and time. Wear resistance is more in surface coated knurled 

components when compared to without coated knurled components. 
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INTRODUCTION  

Knurling is a machining operation, usually on lathe, impressing a diamond, straight or crossed line patterns on the 

surface of a work piece by using special shaped hardened metal wheels. Knurling improves its appearance and 

provides a better gripping to the component. Knurling is used in hand tools, piston heads, grips of pistol, knobs 

of electronic equipment and knurled nuts, etc. The knurling height and depths are the parameters which affect the 

characteristics of the component [1].  The major issue of the knurled impressions is more wear rate due to lower 

strength. As the coating provides better wear resistance, a detailed study is required to understand the influence 

of coating on the knurled components.  

A coating is defined as the covering which is to be applied on the surface of a material. The main purposes of the 

coating is decorative, functional, or both [2]. The coating process is used to change or to improve the surface 

properties such as wear resistance, adhesion, corrosion, wettability, surface hardness and surface texture [3].  The 

coating will cover the complete surface of the substrate, or it may only cover parts of the substrate. Different types 

of coatings are available depending on its applications and needs in different fields. 

The service life of several engineering components is enhanced by surface coating technique. Surface coating is 

applied to the surface of an object in the form of a layer of molten, semi-molten or chemical substance. The 

serviceability and life of the components are mainly depending upon the surface characteristics of the engineering 

materials thus it cannot be neglected during the design stage [4]. The coating may be selected based on the surface 

texture, color and in engineering components; it mainly depends on the functions. Surface texturing provides 

improvement in friction resistant and wear behavior [5]. 

Tribology is the study of changes in wear, friction and lubrication of interacting surfaces during the relative 

motion. Nowadays there is an increase in failures of machinery and plant due to wear. Tribological principles are 

used to address these industrial issues. 

Wear is a process of removal of material from one or both surfaces which are in solid state contact. Wear is 

identified by the term wear rate which is defined as “the mass or height or volume loss of material removed per 

unit time” [6]. The different types of wear are: adhesion, abrasion, surface fatigue, fretting, erosion, corrosion and 

impact. Wear can decrease the quality of life, productivity, security of mechanical components and devices [7].  
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The knurled impression on the workpiece sometimes acts pockets for lubricants. But, the material loss due to wear 

in various engineering knurled components is significantly high. As coating provides resistance to wear, a study 

is required to know the tribological behavior of the surface coating on the knurled component. The present work 

aims at understanding the tribological effect of surface coating on the knurled components. The patterns are 

generated on the aluminum block using shaping machine. Wear study is conducted to know the influence of speed, 

load and time on both without coated and with coated knurled components.  

MATERIALS AND METHODS 

Material selection 

Aluminum is selected as the base substrate which is widely used in transportation, engine components [8]. 

Molybdenum Disulphide (MoS2) is used as the coating material due to its lower wear and friction properties [9]. 

A straight knurling tool of 0.6 mm pitch is used to get the impression on the surface of the base substrate. The 

knurling tool is mounted on the shaping machine which produced to and fro motion to generate the knurled 

impression on the aluminum block [5]. 

Specimen preparation 

Aluminum block of dimension 60mmX60mmX35mm is used in the experimentation. Knurling operation is 

carried out on the aluminum block using shaping machine with straight knurling tool. A test specimen of diameter 

6 mm and length 30 mm for pin on disc wear testing machine is prepared as per ASTM G99 standards. MoS2 is 

applied on the surface of knurled components by using spray coating technique. Figure 1 shows the stages of 

specimen preparation.  

 

(a)                                     (b)                                           

(c)                                   (d) 

Figure 1. Stages of specimen preparation; (a) Initial Aluminum block; (b) Knurled component; (c) Specimen for 

wear test; (d) MoS2 coated specimen 

Pin on disc wear test 

Pin on disc wear testing machine is used to characterize the wear rate on coated and without coated knurled 

components. The pin specimens used are 6 mm in diameter and 30 mm in length. The surfaces of pin samples are 

cleaned using emery paper in order to ensure the effective contact of fresh and flat surfaces with steel disc. The 

samples and wear track of the machine were cleaned with acetone before and after each test. The weight of the 

pin materials are measured before and after the test. [10]. Figure 2 shows the pin on disc set up used for the 

experimentation. 
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Figure 2. Pin on disc wear testing apparatus 

Taguchi method 

Taguchi method is used to obtain the optimum results with minimum number of experiments. Three parameters 

used are speed, load and time and each with three levels. Orthogonal array provides set of well balanced number 

of experiments and Taguchi’s signal to noise ratio, which is the log functions of desired output; serve as objective 

functions for optimization. This helps in data analysis and prediction of optimum results.  

Table 1. Process parameters and levels 

Sl 

No 

Speed 

(rpm) 

Load 

(kg) 

Time 

(min) 

1 400 1 2 

2 600 2 3 

3 800 3 4 

In the present work, there are three factors and three levels. Therefore, L9 (3³) Orthogonal array is best suited. 

Table 1 shows the different process parameters and levels used in the experiment. Table 2 shows the experimental 

arrangement as per L9 orthogonal array. 

Table 2. Experimental L9 orthogonal array 

Experiment 

No 

Speed 

(rpm) 

Load 

(kg) 

Time 

(min) 

1 400 1 2 

2 400 2 3 

3 400 3 4 

4 600 1 3 

5 600 2 4 

6 600 3 2 

7 800 1 4 

8 800 2 2 

9 800 3 3 

RESULTS AND DISCUSSION 

Results of uncoated knurled specimens  

Wear study is conducted both for uncoated and coated knurled components. The results of various combinations 

of parameters are obtained by conducting the experiment as per Taguchi L9 orthogonal array. SN ratios are 
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computed for ‘smaller the better’ condition for wear loss of material. Table 3 shows L9 orthogonal array with 

wear loss and SN ratios of uncoated knurled specimen.  

Table 3. L9 orthogonal array with wear rate and SN ratios of uncoated knurled specimen 

Experiment 

No 

Speed 

(rpm) 

Load 

(kg) 

Time 

(min) 

Wear rate 

(grams/sec) 

S/N 

Ratio 

1 400 1 2 0.007 43.0980 

2 400 2 3 0.1071 19.4042 

3 400 3 4 0.1614 15.8419 

4 600 1 3 0.0686 23.2735 

5 600 2 4 0.2245 12.9757 

6 600 3 2 0.1427 17.0341 

7 800 1 4 0.1229 18.2090 

8 800 2 2 0.1121 19.0079 

9 800 3 3 0.5735 4.8293 

 

Figure 3. Main effect plots for means and SN ratios of uncoated knurled specimen 

Table 4. Response chart for SN ratios of without coated knurled specimen 

 

 

 

 

 

Figure 3 shows the main effect plot for mean and SN ratios of uncoated knurled specimens. Responses are plotted 

for each factor against each of its levels. Table 4 shows the response chart for SN ratios of knurled specimen. 

Figure 3 depicts that load is having highest effect on the wear rate when compared to speed and time because load 

is exhibiting largest difference out of three graphs. Wear rate is optimum at minimum levels of load, speed and 

time. Table 4 shows the response chart for SN ratios of knurled specimen. The response chart shows that the load 

is having highest influence on the test results over speed and time during wear test. By increasing the load in tern 

increasing the pressure on the pin resulted in increased wear rate. 

 

Level Speed Load Time 

1 26.11 28.19 26.38 

2 17.76 17.13 15.84 

3 14.02 12.57 15.68 

Delta 12.10 15.63 10.70 

Rank 2 1 3 
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Results of surface coated knurled specimens 

Similarly, the experiments are carried out for MoS2 coated knurled specimen and analyzed the result. Table 5 

shows L9 orthogonal array to determine the wear rate and SN ratios of surface coated knurled specimen. 

Table 5. L9 orthogonal array with wear loss and SN ratios of surface coated knurled specimens 

Experiment 

No 

Speed 

(rpm) 

Load 

(kg) 

Time 

(min) 

Wear rate 

(grams/sec) 

S/N 

Ratio 

1 400 1 2 0.0048 46.3752 

2 400 2 3 0.0655 23.6752 

3 400 3 4 0.1121 19.0079 

4 600 1 3 0.0207 33.6806 

5 600 2 4 0.1858 14.6191 

6 600 3 2 0.0965 20.3095 

7 800 1 4 0.0795 21.9927 

8 800 2 2 0.0694 23.1728 

9 800 3 3 0.5289 5.5325 

 

Figure 4. Main effect plots for mean and SN ratios of surface coated knurled specimens 

Table 6. Response chart for SN ratios of surface coated knurled specimen 

 

 

 

 

 

Figure 4 shows the main effect plot for mean and SN ratios of surface coated knurled specimens and Table 6 

shows the response chart for SN ratios of surface coated knurled specimen. Similar to uncoated knurled 

components, MoS2 coated knurled components also exhibit an increase in wear rate with increase in load. It has 

been observed that the significant effect is from the load when compared to speed and time. Wear rate is optimum 

at minimum level of load, speed and time. 

Comparison of wear rates between knurled and surface coated knurled components 

The results of knurled and surface coated knurled specimens are compared and wear difference values are 

calculated and tabulated as shown in Table 7. 

 

 

Level Speed Load Time 

1 29.69 34.02 29.95 

2 22.87 20.49 20.96 

3 16.90 14.95 18.54 

Delta 12.79 19.07 11.41 

Rank 2 1 3 
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Table 7. Comparison of wear rates 

Experiment 

number 

Wear rates of knurled 

specimens 

(gram/s) 

Wear rates of surface 

coated knurled 

specimens(gram/s) 

Wear rate 

difference 

(gram/s) 

1 0.007 0.0048 0.0022 

2 0.1071 0.0655 0.0416 

3 0.1614 0.1121 0.0493 

4 0.0686 0.0207 0.0479 

5 0.2245 0.1858 0.0387 

6 0.1427 0.0965 0.0462 

7 0.1229 0.0795 0.0434 

8 0.1121 0.0694 0.0427 

9 0.5735 0.5289 0.0446 

 

Figure 5. Load versus wear rate at speed 400 rpm 

 

Figure 6. Load versus wear rate at speed 600 rpm 
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Figure 7. Load versus wear rate at speed 800 rpm 

Figure 5, 6 and 7 show the variation of load against the wear rate at speed 400, 600 and 800 rpm respectively. It 

is observed from the above graphs that wear rate is more in knurled specimen when compared to surface coated 

knurled specimens.  For a speed of 800 rpm with 3 kg load and 3 minute time the wear rate has increased to highest 

value of 0.5735 gram/s for uncoated knurled component and 0.5289 gram/s for coated knurled component.  This 

shows a clear indication of wear resistance property of the coated specimen over uncoated specimen even during 

higher wear rate. Surface coated pockets provide wear resistance behavior when compared to uncoated surfaces. 

These coatings offer lubricating behavior against the wear. 

CONCLUSIONS 

The study on the effect of load, speed and time on the wear rate for both uncoated and MoS2 coated surfaces are 

carried out. The following conclusions are drawn from the results of this work. 

• Load is having the highest effect on the wear rate of uncoated and MoS2 coated knurled component when 

compared to speed and time.  

• Wear resistance is more in surface coated knurled specimens when compared to knurled specimens. 

• The strength of the knurled impressions is increased by the performance of the surface coating. 

• The surface coated knurling can be used as lubricating pockets, which exhibits wear resistant property. 
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