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Abstract: Rotavator is the most important equipment which has been increasingly used in agricultural fields. To decrease the 
human effort and total time required in soil bed preparation. During the working condition, the rotary tiller is subjected to extreme 
abrasive wear. This problem is faced all over the world.  
Which considerably affects the service life of the tiller blade. Due to the abrasive wear, the rotavator blade requires frequent 
replacement resulting in increasing machine downtime and maintenance costs. So, it is necessary to improve the service life of 
the tiller blade. In the present research work laboratory test was conducted on rotavator blade specimen. Hard chroming is used 
as a surface modification technique, experimentation was conducted to evaluate the effect of chromium coating on the 
mechanical properties of the base material.  
The addition of chromium increases the surface hardness of the tiller blade. Tribometer is used for the wear testing method, to 
study the wear resistance of the coated and uncoated blade. Taguchi L9 array to optimize the laboratory investigation used in the 
present research work. Wear performance of hard chroming and the unhardchrome blade is examined after a fixed interval of 
time in terms of weight loss. 
Keywords: Rotavator, Taguchi L9 array, Hard-chrome, Surface modification. 
 

I. INTRODUCTION 
The rotary tiller is equipment that is used by the farmer for the preparation of seedbeds in the agricultural field, under the various load 
this blade is subjected to extreme abrasive wear and fatigue [1]. Abrasive wear is the type of wear that results in the disintegration of 
the workpiece material on the surface due to the influence of the hard particle in contact with the surface. It also occurs when a hard 
rough surface or particle interacts with the soft surface and cause material loss, this type of abrasive wear develops in many 
agricultural tools especially engaged in some dry land agricultural area. It may cause the failure of the tool and need to change from 
time to time. The farmer always faced the problem of the replacement cost of worn-out earth-engaging components. This problem 
also occurs in the rotavator blade which results in lowering the life of the tiller blade, due to this the cost of soil bed preparation will 
be increased. 
There are several techniques are present to improve the surface properties of base material, like coating, polishing, heat treatment, 
hard facing, etc [3].  
Which has been used to increase the wear resistance of tools. In this research work, hard chroming is suggested for improving the 
service life of the tiller blade. Hard chroming is a type of electroplating process in which a chromium layer will be deposited on the 
base material, The aim of this study was to ascertain the wear behaviors of rotavator blade hard chrome with three different 
thicknesses compared with standard rotavator blade. 
Taguchi technique is used as an optimization technique to improve the methodology of investigation for optimal result data. Taguchi 
is the best optimization technique that gives a significant conclusion with a minimum number of experimental runs and reduced the 
cost of testing. It is a simple, efficient, and systematic optimization technique designed for high-quality data. Taguchi method is a 
process/ product optimization technique that is based on 7 steps, selection of factors, determining the number of levels, choosing 
correct OA, assignment of variables and interaction to column, experimentation, result in analysis, and confirmation test. As per this 
method, an experiment that we perform consist of several input factor some are controllable and some are uncontrollable. In this 
study, the wear behaviour of coated and uncoated blades of rotavators has been analyzed in a laboratory. The laboratory testing was 
carried out at three different loads 15, 20,25N, thickness 60,70,80 µm, and temperatures 45,50,55°C. L9 array with lower is better was 
used to optimize testing parameters. 
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Fig 1 Taguchi Method 

 
II. EXPERIMENTAL DETAIL 

A. Workpiece material and method implementation 
In this experimentation, mild steel rotavator blades are used for the laboratory test. The chemical composition of the regular blade 
is shown in table 1. Hard chroming is a surface modification process to improve the mechanical properties of the base material. 
The rotavator blade has been covered with Three different thicknesses of chromium to increase their hardness. The main reason 
for this hard chroming method being chosen is that they provide high resistance to wear and the second one is that they are 
comparatively economical in the market. The specimen used for testing is shown in fig 2. 

 
Table 1. chemical composition (wt.%) of mild steel. 

Element % Element 

Carbon 0.25-0.290 
% 

Copper 0.20 % 
Iron 98.0 % 

Manganese 1.03 % 
Phosphorus 0.040 % 

Silicon 0.280 % 
Sulfur 0.050 % 

Carbon 0.25 - 0.290 
% 

 

Fig 2 Specimen 
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20mm 

20mm 

B. Laboratory test 
 

Fig 3 (a) Tribometer (b) weighing balance (c) specimen 
 
A rectangular specimen of 20X20X5mm was prepared for a wear test to be performed on the tribometer as per ASMT G99-95 standard. 
The specimen was hard chrome at their cross-section on one side and subsequent machine to specified size as shown in fig 3(c). The 
tribometer test apparatus (TR-201 Ducom, India) used in this studyis shown in fig 3(a). The wear test was performed under dry sliding 
conditions. Before and after the test, all the specimens taken for analysis were cleaned and ten weighted using an electronic balance 
as shown in fig 3(b). During the wear test, the load 15, 20,25N, temperature 45,50.55°C, and thickness 60,70,80 µm these three input 
parameters are considered. 

 
III. RESULTS AND DISCUSSION 

To get a complete understanding of the effect of input parameter thickness, load, and temperature on output wear rate. You usually 
access the signal to noise (S/N) ratio or main effect plot for means. For this purpose, Minitab 22 statistical software has been used. 
Wear rates have been done. ANOVA has been conducted to find out the effect of each parameter on wear rate and a linear regression 
model has been established to predict the value of wear rate. 
 
A. Experimental Result 
A tribometer as per ASTM G-99 is performed to investigate the wear resistance of modified and regular rotary tiller blades. Taguchi 
optimization technique is used to optimize parameters of abrasive wear of blade in the laboratory test. A laboratory test was carried 
out by varying loads from 15 to 25 N and thickness 60 to 80 µm at temperatures 45 to 55°C. And to minimize the number of 
experimental runs L9 array is used to investigate the effect of three input parameters for three levels. L9 orthogonal array was used 
to study the performance of the tiller blade as tabulated in table 2. The wear rate is also tabulated in table 2, which also shows the 
S/N ratio for all nine experiments. 

 
Table 2. L9 Orthogonal array with Wear rate response characteristic. 

Experiment Input Parameters Output Parameters 
Run No Thickness (µm) Load (N)  

Temperature (°C) 
Wear rate S/N ratio 

1 60 15 45 0.0422 27.4938 
2 60 20 50 0.0533 25.4655 
3 60 25 55 0.0605 24.3649 
4 70 15 50 0.0392 28.1343 
5 70 20 55 0.0414 27.6600 
6 70 25 45 0.0459 26.7637 
7 80 15 55 0.0361 28.8499 
8 80 20 45 0.0313 30.0891 
9 80 25 50 0.0394 28.0901 
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B. Main Effect of Wear Rate 

 
 

C. Analysis of variance (ANOVA) Result 
The analysis of variance is performed in MINITAB 22 software. Table 3 shows the ANOVA, it is a collection of statical models and 
their associated procedures. The advantage of performing ANOVA is to validate the result obtained from Taguchi. As ANOVA gives 
the percentage of contribution of each selected controlled parameter and suggested the most significant factor. 
ANOVA table shows the result of the analysis. The analysis of variance was performed at 95% confidence level F- value, and P-
value R-squared were used to determine the significance of each model parameter. A p-value less than 0.05 (<0.05) indicated the 
significance as a controlled parameter on wear rate. The p-value for thickness load and the temperature was less than 0.05, 
representing highly influencing parameters. It is clear from the ANOVA table that thickness is the most dominating parameter on 
wear rate. The percentage of contribution of thickness is highest i.e., 63.46% and the contribution of load and temperature 20.94% 
and 9.13% respectively. 

 
Table 3 ANOVA table for  Wear rate 

Source DF Adj SS Adj MS F-value p-value % 
Contribution 

Regression 3 0.000595 0.000198 24.36 0.002  
Thickness 1 0.000403 0.000403 49.59 0.001 63.46 

Load 1 0.000133 0.000133 16.41 0.010 20.94 
Temperature 1 0.000058 0.000058 7.09 0.045  

9.13 

Error 5 0.000041 0.000008    

Total 8 0.000635     

 
 
D. Development of Regression Model for Wear Rate 
The regression model has been developed using Minitab 22 software. Substituting the experimental values of the input parameter in 
theregression equation. Value for wear rate has been predicted for all levels of studyparameters. The predicted and experimental value 
of wear rate correlated with each other is also shown in graphical representation. 
 
Regression Equation 
Wear rate = 0.0508 - 0.000820 Thickness (µm) + 0.000943 Load(N) + 0.000620 Temperature(°C) 
Table 4 shows a comparison between experimental and predicted wear rates by developing a mathematical equation. 
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0.07 
 
0.06 
 
0.05 
 
0.04 
 
0.03 
 
0.02 
 
0.01 

Experimental Value Predicted Value 

Table 4 Experimental and predicted value of wear rate 
Sr No Experimental value Predicted value Error% 

1 0.0422 0.0436 3.21 
2 0.0533 0.0514 3.56 
3 0.0605 0.0592 2.14 
4 0.0392 0.0385 1.78 
5 0.0414 0.0453 8.60 
6 0.0459 0.0448 1.75 
7 0.0361 0.0334 7.47 
8 0.0313 0.0319 1.88 
9 0.0394 0.0397 0.75 

 
IV. CONFIRMATION EXPERIMENT 

To confirm the above result and to determine the accuracy of the model developed, a confirmation test is conducted using the same 
experimental setup. The confirmation experiment is conducted by keeping parameters at the optimum level suggested by Taguchi that 
the confirmation test shows that the wear rate obtained after experimentation is 0.0301 and the predicted value is 0.0280. it can be 
seen that the difference between the experimental result and the predicted result is 6.97%. it indicates that % the error is within the 
acceptable range. Hence the confirmation test validates the result. 
Table 5 shows the difference between the experimental value and the predicted from regression mode. 

 
Table 5 Confirmation test for wear rate. 

Parameters Predicted value Experimental value Error 

Wear Rate 0.0280 0.0301 6.97% 

 
Graph 1 Experimental and predicted result for wear rate 
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V. CONCLUSION 
In this study, the influence of operating parameters such as thickness, load, and temperature and their optimization, the following 
conclusions are drawn from the study. 
1) From experimentation the optimal value was found to be 80 thickness, 15N load, and 45°C temperatures but the most important 

result was that 80 thickness shows better wear resistance. 
2) ANOVA results indicate that the contribution of temperature was 63.46%, load 20.94%, and temperature 9.13%. 
3) Thickness is the most influencing parameter for abrasive wear 
4) Hard chroming is effective to increase wear resistance with the chromium coating was effective in reducing the wear of 

rotavator blades. 
5) The laboratory test revealed that the thickness of chromium coating increased. The wear resistance of the corresponding alloy 

increases. 
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